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Chuong 5
Nhan thirc — Perception

Né&u cé cai cay dé trong rirng va khong ai nghe thdy no, nd cé gay ra am thanh khéng?
Chung ta c6 thé dién dat digu nay bang thuat ngtr ky thuat 4m thanh:

Néu khéng nhan dugc tin hiéu truyén t&i, c6 ton tai dang séng khéng? Néu co ca nhac ma khéng
c6 khan gia, ching ta cé dugc ITnh tién khéng?

Vé mét chi quan, viéc tiép nhan dm thanh bao gém trai nghiém nghe cua con ngudi, nghia la
nhan thirc. Khéng ngac nhién khi day la dé tai vé kham pha va tranh luan lién tuc. Chlng ta sé& han ché
pham vi dén khu vyrc anh hudng dén quyét dinh thiét ké va t6i wu hda. Chang ta quan tdm nhiéu hon dén
nhan thirc theo nghia tuwong déi hon 1a tuyét déi. Thi du, dinh cdng hudng 3kHz trong dng tai 1a dac diém
giai phau pho bién cho tét ca ngudi nghe. Ching ta co thiét ké quanh digu do khong? Tuy nhién, dinh vi
hoa lai anh hudng manh mé dén quy trinh ra quyét dinh cua chung ta.

Nhirng yéu t6 nay anh hudng truc tiép dén quy trinh: dé I&n, dinh vi, &m s&c, nhan thirc echo,
hinh anh stereo va céach tai phat hién am thanh ra sao.

5.1 Do I&n — Loundness

Co6 nhiéu loai nhan thirc do 16'n, khéng chi co loai SPL. Tai tich hgp mlc do trong thoi gian khoang
100ms (Everest, 1994, trang 48). Nhin nhan dé I&'n phu thudc vao ca hai: mire do 1an thdi han. Nhéan thire
vé tiéng nd ngén & mirc dd cao va dai hon & mirc do thdp déu giéng nhau. Hai gia tri thwdng gan cho dB
SPL: dinh-peak (ap Iuc I&n nhat bat ké thai gian) va lién tuc-continuous (murc do lién tuc trong khoang thoi
gian hon 100ms). Yéu t6 dinh (Crest) (phan 1.1.5.7) la ty 1& gilra peak/continuous.

5.1.1 Lién tuc va dinh -- Continuous and peak

Séng sine lién tuc cd dinh t6i thiéu va thdi gian t6i da. Nguoc lai hai dau trén thang dong luc la
xung (dinh t6i da, th&i gian t6i thiéu). Am nhac va I&i néi két hop déu 1a chirc nang lién tuc va ngan.
Nguyén dm, gan song sine nhét, c6 yéu té dinh thap, trong khi phu &m c6 dinh cao (crest). Hé théng nao
khong thé tai san xuat tirc thdi sé mat kha nang nghe hiéu do phat 4m thiéu phu dm (% ALCONS).

Hé thdng &m thanh phai dap (rng nhirng yéu cau vé do Ion lién tuc va dinh cu thé. D4 thao luan vé
vai trd bao vé loa cua filter trrére day roi (phan 2.4.6). Bay gidr ching ta sé diéu tra coi gi¢i han anh hudng
dén nhan thirc ra sao.

Hé thong sé gi¢i han dinh hay clip khi qué tai. Clip lam giam yé&u t6 dinh cao (crest), dinh rang cua,
b6 sung giai diéu va kéo dai chu ky hoat déng cta dang séng. Gidi han dinh ciing lam giam yéu t6 crest,
nhung v&i sy bién dang it hon clip. Nén (compression) sé lam giam yéu t6 crest trong th&i gian dai nhung
van co thé cho phép vu né thoang qua. Nén dir liéu hiém khi di chuyén mot minh va thudgrng kém theo han
ché va/hay clip. Giai dong Iuc (Dynamic range) két thuc khi dinh va nhirng kha nang lién tuc hop nhat dé
thanh giéng nhau. Khi lam phéng yéu t6 crest, sy d& hiéu, dinh rd va chi tiét di kém v&i n6. N6 sé 16n, cho
du do thoi gian kéo dai sé di kém véi clip, han ché va nén tin hiéu. V@ chét lugng, dé I6n khong phai la tat
ca cdng nang no6 nang lén dugc.

Hé thong thinh giac clia ching ta ciing c6 gi¢i han bén trong. Co tim, nhip tim, co bép & mdrc nguy
hiém cao, lam that mang nhi va giam do nhay. Diéu nay lam giam do 1&¢n. Nén dong luc ndi bé tiép tuc cho
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dén khi mirc d6 bén ngoai giam xudéng. Ngudng bat dau cla tai cua ching ta 1a cai compressor, gi¢i han
dinh chdm hon. Mirc d6 cao tire thai di qua, nhurng tiép xdc lién tuc mang no6 di.

K§ su mix nén xem xét hoat déng cua co tim nay. Néu mix gay gét lién tuc sé lam tai nén lai. Nhan
thirc dinh giam di, ngay ca khi hé théng c6 headroom dé phan phdi n6. Nhan thirc mirc d6 16'n t6i da bang
cach xtr dung thinh giac va hé théng am thanh full range cta ching ta.

Hé thdng &m thanh van hanh trong tinh trang qua tai lién tuc co6 thé roi vao chu ky nén phic hop.
M6t khi hé théng da clip va han ché rat nhiéu kha ning tham gia vao hé théng nén cua tai vi mdirc dé lién
tuc cao va yéu t6 crest thdp. Hao hut dong luc c6 thé lam tdng mirc do khién nham ¢ géng khéi phuc lai
sy phén khich, nhurng thay vao doé 1am tang do nén trong ca hé théng truyén va nhan. Day than kinh lién
két lién tuc khi cang co, dan dén mét mai than kinh tai. Hé thdng nang lugng thdp trong quy trinh qua tai
lién tuc lam cho hé théng tai bi mét moi hon, va vé 1au dai cé thé nhan thirc I6n hon, hon 1a hé théng co
dong luc cao ma khdng nén. Khong may, hé théng cong suét cao chay vao tinh trang qua tai téng thé 1a toi
té nhét, va tat ca déu qua phd bién. Phai kim soéat nhirng van dé vé hoat dong nhu vay chét ché. Chéc
ch&n nhirng suy nghi cua t6i vé van dé nay bi bo ngoai tai.

5.1.2 Pud'ng bao do I6'n bang nhau -- Equal-loudness contours

Hé thdng nhan thirc nghe cua ching ta co6 dap trng tan sé phi tuyén tinh trén mirc do. Dac trung
dd nhay bién déi 1a dudng bao do 16 bang nhau (Hinh 5.1). O mirc do thap, ching ta didu chinh &
midrange, gilp nghe ré moi ngui dang néi. Moi cai sé phang ra khi n6 1én Ién. Sach am thanh déu c6 do
thi nay vi vay n6 phai rat quan trong. Co6 lién quan dén thiét ké va téi wru hoa hé thong khéng? Rat it.
Pudrng bao bang nhau la nhan thirc v& khia canh ty nhién, chir khdng phai hé théng am thanh chi gi¢i
thiéu thanh phan nhan tao. Ngan diéu nay bang filter dynamic, dua phan tir khéng tu nhién vao phuong
trinh, k¥ sur mix chon "hiéu (rng déc biét" chir khdng chon t6i uu hoéa. N6 Ia chuyén tyr nhién khi cam nhéan
hanh lang yén tinh vé&i phd dm thanh yén tinh thong thurdng. Ching ta c6 mudn nhin nhan nhirng phan
yén tinh nhu thé n6 nghe I'n hon khéng? D6 1a cau hdi nghé thuét.

Muc tiéu t6i wru hoda la dé 1én dong déu trong khong gian. xay dung dudrng bao dynamic trong &m
nhac chir khéng trong hé théng &m thanh. Chung ta cé nén diéu chinh khac biét cho nhirng chd ngdi nghe
I&n hon khi biét trrdc durdng bao tan sé thay déi khdng? Chénh léch mirc do 20dB (80-100 dB SPL) sé
thay d8i dap (rng cdm nhan & tan s8 30Hz bang 3dB. N&u ghé& phia tru¢c Ién hon 20dB thi ai quan tam
dén dudng bao bing nhau?

Normalized equal loudness contours
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Hinh 5.1 Budng bao do I6n béng nhau binh thudng. Biéu dd cho thdy sur khac biét vé cach nhin nhan tan
s6 dap (rng bang mirc d6 tor mirc dd danh dinh.
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5.2 Pinh vi -- Localization
5.2.1 Hinh anh am thanh -- Sonic image

Hinh anh &m thanh la vi tri nhan thirc ra ngudn &m thanh (bat ké vi tri that té cia ngudn &m thanh).
Chung ta thuérng x&r dung loa dé tao ra hinh anh am thanh khong co loa (va nguén). Thuat tao 4m thanh
béng bung. M6t chuong trinh &o thuat, thanh cdng phu thudc vao vi tri clia loa, mirc d6 twong d6i va thoi
gian. B0 bién dang hinh anh am thanh la thudc do cho viéc chiing ta bi mat muc tiéu ra sao, dinh lrgng
béng dd (gbc gitra vi tri cdm nhan va muc tiéu). Muc tiéu thudng 1a ngudn am thanh that té, chang han nhu
dién vién hay nhac sT trén san kh&u (Hinh 5.2 va 5.3). M{rc do ngudn ban dau va gilp giam thiéu sur bién
dang hinh anh dang ké béng cach giam dau méi dinh vi cho loa. N&u dinh vi la m&i quan tdm duy nhat,
chlng ta sé yéu cau nhac s tro’ gilp béng cach nang volume t6i da trén san khau cua ho. Cam on, nhung
khong can. Thay vao do, ching ta tim cach giam thiéu viéc bién dang hinh anh &m thanh bang mdrc d6 trén
san khau hop ly.

Khéng phai ching ta luén c6 nguén 4m thanh ty nhién dé phuc vu, giéng nhu kéo gitr hinh anh lai.
B6i khi khéng c6 ngudn dm thanh "ty nhién" dang ké, thi du: Ban nhac cé ear-phone trong tai, dan nhac bi
c6 lap hay cong vién giai tri cho thdy di&n vién dang lip-sync v&i bai hat. Micro gén trén dau da cho phép
dién vién san kh&u tu do hat & mirc do thi tham, diéu nay lam giam 4m lugng hudng vao hoi truong.

Buéc kiém soat hinh anh bang am thanh dau tién la phai hiéu hé théng dinh vi clia ching ta hoat
déng ra sao. Sau dé, ching ta cé thé hoc cach danh ltira n6. Luc khién 1a mirc d6 twong déi va thoi gian
(ngac nhién chual).

Vertical plane J Lasge sonic image distortion Horizontal plane
Speaker louder Speaker carfier P
Small sonic image distortion AdB T T
Offset dB Leve T Doy
P s
. & e
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] N S /8 Lo T l
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Sonic image moves toward luder source Offsetting effects of  Offsetting effects of Competing offset factors move the
Image distortion rises as speaker level increases louder speaker and  earkier speaker and image between the natural source
over the natuwal sound earlier source louder source and speaker locations.

Hinh 5.2 Bién dang hinh anh va yéu t dinh vj doc (bén trai) va ngang (phai)
5.2.2 Pinh vi chiéu doc

Vincent Van Gogh cam thay khé s, khdng biét &m thanh dén tir phia trén hay dudi ong ta. Tai
sao? Ngu&i hoa si bj x&o trén néi tiéng nay da cat tai ngoai, loai bd co ché dinh vi co ban ctia minh, loa tai
(pinna). Budng bao cla pinna tao ra phan doi khi né dua &m thanh vao tai trong, dudng di ciia sic thai am
thanh. Chir ky nay sé ma héa trong ndo nhu ban do, dinh huédng cam giac hinh anh 4m thanh chiéu doc
cta ching ta (Everest, 1994, Trang 54). C6 vé& nhu hé théng tai/mé&t/n&o hoc theo kinh nghiém dé twong
quan hinh anh thi giac va hinh anh am thanh. Nhirng bién thé doc cua sac thai am s&c cla loa tai d& anh
xa vao bo nh¢ nhu véat pha thinh giac. Phan (rng nay, chirc nang chuyén giao lién quan dén cai dau
(HRTF-headrelated transfer function), hoat dong déc lap cho méi tai. V&i muc dich th&o luan, ching ta sé
c6 lap mét phéng doc béng cach bit (khéng cét nhé) mat tai di.
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Dinh vi tri doc ctia ngudn co 18p réat dé vi chir ky trén loa tai thong tri HRTF. Di chuyén n6 1én hay
xudng va ching ta co thé theo dai tin hiéu HRTF dang thay d6i. Moi cai s& thu vi hon khi truyén hai ngudn
phu hop v&i cung tin hiéu trén mat phdng doc. Hai mau thuan dinh vi, canh tranh va xung dét déu c6 uu
tién ngang nhau. Nhan thirc hinh anh la thoa hiép diém gitra theo chiéu doc (Hinh 5.3). Trai nghiém n6
nhu khong gian phat tan gitra ngudn chir khdng phai 1a ngudn diém don Ié (nhu loa solo). Sy kéo dai nay
goi 1a d6 rong ngudn ré rang. Sy kéo dai hinh anh sé cuc doan nhét khi ngudn c6 mirc bang nhau va giam
turong trng khi mirc do bu téng lén. Mdrc do bu sé di chuyén hinh anh vé phia loa néi tréi, réi di theo manh
méi dinh vi HRTF manh hon. Tai nhan ra chir ky nay la hudng ngudn, mac du co6 vai diém mo ho va tuong
xrng d6 dai hinh anh.

Dinh vi doc 1a quy trinh channel don, cai lam khé phan biét thir tu dén mét phéng nay, dic biét 1a
khi gan dung thei diém (thi du nhu phan doi sém va loa bu thdi gian). Mirc do bu chi phéi viéc dinh vi theo
chiéu doc cho dén khi tin hiéu dé di du xa dung luc dé dugc nhéan thirc va dinh vi riéng.

5.2.3 Dinh vj phia trwé'c/sau -- Front/back localization

Vai tro thir yéu cua loa tai 1a dinh vj phia trud'c/sau (Everest, 1994, trang 53). Loa tai cung c8p vai
cach dinh hudng tan s6 cao va thém nhiéu I6p HRTF khac vao phuong trinh. Binh vi treée/sau co lién két
dén viéc xtr dung micro do dé t6i ru hoa dang chd y. Micro da huédng (Omnidirectional) c6 phan bj tir chdi
phia trurére/sau it hon tai, trong khi micro cardioid ¢6 nhiéu hon. Khéng la mé hinh hoan hao cua tai mac du
omni dén gan hon.

5.2.4 Dinh vi chiéu ngang

B6 phan tich &m thanh phirc tap hai channel (tai cia ching ta) khién dinh vi ngang. Khoang cach
gitra tai cGia ching ta tao ra cam bi&n chénh léch khéng gian. Tim ra vj tri ngang béng tam giac, tirc 1a
nghe 4m thanh & hai vj tri va phat hién vj tri nguén khac biét qua dinh vi clia hai tai.

| Uncorrelated sources l Direct / reflection l Correlated sources

HRTF decodes this as high Equal level: HRTF functions confiict Equal level: HRTF functions conflict

Image centered, maximum expansion of Image centered, maimum expansion of

apparent source width apparent source wicth
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I Ada Leve
K® &
HRTF decodes this as low Offset
® HRTF l HRTF HRTF
_—
HRTF roveals both vertical locations separately Diract sound louder: HRTF of direct source dominates. Unequal level: HRTF of louder speaker dominates.
Image favers dinect S0Lrco with less sowrce width expansion image favors louder source with less source width expansion.

Hinh 5.3 Binh vj ngang cta hai nguén khac biét (trai) co phan déi (gitra) va c6 nhiéu loa (phai)
5.2.4.1 Dinh vi bang hai tai -- Binaural Localization

B0 ndo cua chlng ta phan tich thai gian va bu gitra nhirng 1an dén. Co ché doc lap va tac dung 'y
kién thir hai", cé thé, hay khdng thé dong tinh. Thuat ngir chénh léch thoi gian thinh giac (ITD-inter-aural
time difference) va chénh léch mirc dé thinh giac (ILD-interaural level difference) mo ta co ché phan tich
ndi bd cua chang ta (Duda, 1998). ITD chiém wu thé trong viéc dinh vj tan s6 thdp & nhirng chd cé buéc
séng du lén dé udn quanh dau va dat dén mirc gan nhu bang nhau, tuy nhién hoi qua thi gian. Vi tri
ngudn da anh xa vao ndo nhu dai dién curc theo thdi gian cta ITD. ILD chiém wu thé & tan sé cao, vi khd
¢6 thé nhan am thanh qua hop so day. Tan s6 cao khiic xa chung quanh dau it hon, tao ra mdrc dé bl co
thé phat hién dugc. Gia tri ITD va ILD cho ngudn &m thanh thudng dat két qua twong tu, do dé khéng dinh
viéc dinh vi.
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Khi dat ngudn am thanh & trung tdm ndm ngang, gia tri ILD va ITD déu béng 0 (Hinh 5.4). Nao
quyét dinh vj tri chinh xac ché ching ta nhin thdy: phia trwrdc va gitra. Néu ngudn hay may thu di chuyén
theo chiéu ngang khoi tdm, bén tai gan hon sé nhan dugc ban sao d&m thanh sém hon va Ién hon. Trong
trwd'ng ho'p nay, ca gia tri ITD va ILD déu xac nhan vij tri méi.

Hay thém nguén am thanh thir hai. Nhirng nguon khéng lién quan dén dinh vj riéng (thi du: dam
luan ddng th&i chung quanh ban). Ching ta xac dinh vi tri cach riéng biét bang gia tri ITD va ILD riéng biét
clia nd, ngay ca khi néi chuyén cling lic. Néu ngudn thir hai ¢ tuwong quan (thi du phan déi sém hay loa)
thi viéc dinh vi sé& phirc tap hon. M&i [an dén déu co gia tri ITD va ILD doc lap, co kha nidng mau thuan
nhau. Hay bat dau vé&i phan déi sém dién hinh trong mat phéng ngang. Am thanh tryc tiép I6n hon va dén
s&m hon, cam nhan hinh anh &m thanh gan ngudn ctia tin hiéu tryc ti€p, mac du véi chat lugng am thanh
da cai tién va cam giac "rong rai", tirc 1a cam giac Am thanh @én tir khu vure chung chir khéng phai tir mot
diém duy nhat (Everest, 1994, trang. 295-301). Am thanh tryrc tiép cua ITD va ILD I& nhirng yéu t6 manh
nhat vi &m thanh trurc ti€p c6 ca sém nhét 1an I6'n nhét. Tiép tuc viéc nay ngay ca khi thdi gian bu tang l1én
cho dén khi dinh vi ra tin hiéu gidng nhu nhiéu ngudn riéng (&m thanh tryc ti€p va tiéng vong (echo) roi
rac).

Center / off center Listener A:
T dB Time offset =0
) Delay Level Matched time images to center
® K ¢ X A A Offset A Offsot Level offset = 0
Matched level images to center
Earlier Louder
T Listener B
T Time offset = Right ear earty
y 3 Deday Level Time offset moves image to right
B AT Offec AdB Oftset | Level offset = Right ear louder
Level offset moves image to right
Uncorrelated sources Earlier Louder
Source A:
® A T T Time offset = Right ear early
7 = Time offset moves image to right
AT (l,);:" AdB gf"'"’ Level offset = Right ear louder
el sl Level offset moves image to right
: - Source B:
) / T Delay dB Level Time offset = 0
® B A Offset A Offset Matched time images to center
Level offset = 0
Matched level images to center
Direct / reflection ] Earlier Louder Direct path
5 Arrives at right ear earlier and louder
Direct T 1‘ Direct path images to right
¢ AT Delay dB Level Reflection path:
Offset A Offset Arrives at left ear earlier and louder
Reflection path images to left
s Direct vs. reflected paths:
T Delay dB Level Direct is earlier and louder at both ears
A Offset A Offset Image spreads between the source
i (direct) and wall (reflection).
- Apparent source width expands in
Reﬂectlon Later Quieter proportion to the reflection level

Hinh 5.4: Binh vi ngang cua ngudn duy nhat, trén va ngoai trung tdm (trén), nhirng ngudn khéng tuwong quan

(gitra) va c6 mat phan doi (duéi)

C6 thé nay sinh trud'ng ho'p kho hiéu khi dudrng dan am thanh bi tréc tré. Truc tiép cé thé yén tinh
hon phan déi nhung van cé thé van dén s¢m. ITD bo phiéu tryc ti€p va ILD di kém véi phan doéi. Hinh anh
am thanh thda hiép dau do & gilra. Chang ta c6 thé xir dung co ché giai quyét xung dét nay dé van dung
hinh anh &m thanh. Hay b&t dau vé&i cap stereo.
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Ldy chd ngbi gitra. Loa déu c6 mirc do, khoang cach, goc va méi tredng &m thanh phu hop (Hinh
5.5). Khi két ho'p tin hiéu, s& xuét hién hinh anh &m thanh chinh xac & chd khéng cé loa: trung tam. Bat
dau phat am thanh bang bung! Gia trj ITD va ILD phat hién ra loa & hai bén, nhung dat gia trj thoa hiép la
trung tam vi né béng nhau va trai ngugc. N&u bén tréi Ién hon, hinh anh sé thay déi theo cach do. Gia tri
ILD xac dinh bén trai 1a am thanh "trurc tiép" va phai 1a "phan doi". Dinh vi rdt mo hd vi van phu hgp gia tri
ITD, nghia la mirc do noi la bén trai nhurng thai gian van noi & gitra. Két qua 1a co vj tri thoa hiép (dén
diém nao do). Khi mirc dé bl tang, hinh anh di chuyén sang bén trai va co lai cho dén khi n6 c6 hiéu qua
cuia mot loa. DAy la nguyén téc co ban vé nhan thirc &m thanh stereo. Trong khi nhirng loai khac sé I&n
hon & mét bén. Nhirng tin hiéu cé mirc d6 ngang nhau co gia tri dinh vi d6i x(rng trai nguoc, tao ra hinh
anh trung tam c6 ngudn géc doi xirng. Nhirng tin hiéu khong dong déu cé tin hiéu dinh vi bat déi xrng dan
dén hinh anh thoa hiép léch tdm. Chdng ta sé quay trd lai &m thanh stereo sau, nhurng trurg'e hét hay tim
hiéu vé yéu to thai gian.

Hay & lai trung tam, thiét 1ap lai hé théng dé dat d6 dong nhat gitra nhirng channel va bl thi gian
thay thé. Khi bén trai bi delay, gia tri ITD chi ra do & ngudn bén phai, trong khi gia trj ILD van gilr nguyén,
bai doc dinh vi mo' hd phién ban hai. Sy mo hd kéo dai chidu réng ngudn dé thdy va ngan khéng cho hinh
anh di chuyén sang phai hoan toan. Khi th¢i gian bu téng Ién, hinh anh di chuyén xa vé phai hon cho dén
diém tach biét, tao ra cam giac c6 echo (nhu c6 phan déi bén)
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Hinh 5.5 Binh vj gitra hai loa tuong quan: hiéu (rng bu mirc d6 (trén), hiéu irng bu thai gian (gitra), K&t hop
hai hiéu (rng bu thdi gian va mire d6 (durdi)

@ Sound & Lighting

228



Chwong 5

Co6 thé di chuyén hinh anh di ngang bing mdrc d6 hay delay. Quy trinh nay goi la "panning", viét tat
clia "nhéan thirc toan canh-panoramic perception". Panning cé hai dang: mirc dé va delay. Chung ta c6 thé
cho hiéu irng ILD va ITD chéng lai nhau va tao ra nhiéu vi tri hinh anh thoa hiép. Day la chd ma ching ta
phai khéo tay ndm bat cho du. Ching ta c6 thé pan mirc d6 sang tréi va pan th&i gian sang phai va gitr
hinh anh & gitra hay di chuyén di bat cir ché nao doc theo chan trdi. Co thé xir dung ky thuat nay dé giam
thiéu dé bién dang hinh anh 4m thanh.

5.2.4.2 Hiéu &rng thr bac -- Precedence Effect

Thuat ngir hiéu rng th&r bac (Hinh 5.6) mo6 ta cach nhan thirc hinh anh am thanh bi anh hudng boi
sur k&t hgp mirc dé va delay. N6 thudrng goi la "hiéu (rng Haas" do nghién clru da trao cho Tién si Helmut
Haas (Everest, 1994, trang 58-59). Thinh gia tap trung vao khu vuc &m thanh stereo cé loa dat léch truc
45°. Xtr dung két hogp panning thai gian va mirc do rung dé thu lai hinh anh lién tuc. Puong nhién thoi gian
va mirc d6 bang nhau da gay ra c& sur. Loa delay hoat dong & mirc cao hon ciing sé tra lai hinh &anh vé
gitra. Sau dé n6 dugc giup marc do nhigu hon nd can. Cira s8 thai gian rdt ngan. Phan I6n thai gian hoat
dong xay ra trong mili gidy dau tién va da dat dugc hiéu qué day dd bang 10ms, tai thdi diém do chang ta
sé can mlrc do vuot mirc 10dB dé mang lai no tré lai. Khi d6 bu vurot qua 10dB (ving cb 1ap), tro choi két
thac va c6 delay dén dau ciing khong thé nam gitra hinh anh.

Thinh giac hai channel clia chiing ta mang lai ctra s6 10ms, 10dB dé thao tac hinh anh am thanh
trén mat phdng ngang. Con vé hinh anh doc thi sao? Chung ta khéng nang cép thanh tir giac vi vay ching
ta thi€u thoi gian chénh 1éch vé mat phéng doc. HRTF dinh vi hinh anh theo huré'ng ngudn nao tréi mdrc do.
Tro gilp dén tir chd bat ngdr, hé théng ngang. Nhé lai, méi tai déu dinh vi mat phang doc doc lap nhau. He
théng doc cb thé chira hai gia tri dinh vi, mién la n6 tach ra cho méi tai. Do d6, néu ngudn thay déi theo
chiéu ngang va doc, ching ta sé phan biét dugc vi tri déc lap va tao ra thoa hiép gia tri ngang va doc (Hinh
5.7). Trir khi dirng chinh xac & gitra hai nguon di chuyén theo chiéu doc, chiing ta sé nhan dugec tin hiéu
doc tir ca hai ngudn. Cach thurc hién panning doc duy nhat Ia bdng mirc do, ché tin hiéu tr ngudn tré
thanh chir ky HRTF vugt tréi. NEu ching ta nghe duorc sy két hop gilra loa bén trai va phai, hiéu irng thir
bac sé anh hudng dén chigdu ngang, trong khi hai gia tri HRTF riéng biét sé anh hua'ng dén chiéu doc. Két
qua sé la c6 hinh anh am thanh ma & dé khong co loa that té nao ton tai & ca hai mat phang. Voila! Bay
gidr ban dang nghe no. Bay gi¢ ban khéng thdy né. Luru y, phan I&n nhirng cai tréng gidng pan delay theo
chiéu doc trong nganh that ra déu la két qua cua nhirng manh méi 4y tor mat phdng ndm ngang.

Ung dung thi du la cu tric L/C/R & phia truéc san kh&u nha héat: bén thdp va trung tdm cao. Mirc
do va delay co thé di chuyén hinh anh theo chiéu doc va ngang. Phai twong (rng ba channel that t6t vé
mdrc d6 danh dinh, dap (rng tan s6 va vung bao quat dé nhan thirc hiéu (rng nay ngoai vung nho. Phan
tich chi phi/lgi ich bao gom sai biét ggn séng so v&i cai thién hinh anh.

5.3 Nhan thirc am diéu, khéng gian va tiéng vong --
Tonal, Spatial and Echo Perception

Tai chang ta theo déi sy thay d6i &m nhac va giong néi lién tuc. Am sic thay déi nay sé so sanh
V@i tap tin lwru trir trong ndo. Ching ta mudn hinh dang &m thanh thay déi theo &m nhac, khéng 1é thudc
vao n6. Néu hé théng tai tao kha minh bach, &m nhac di qua ma khéng can diéu chinh am diéu. Néu hé
théng &m thanh c6 dinh & mid-range, n6 sé truyén lai cho t4t ca &m nhac. D6 1a hinh dang &m diéu tuong
déi chiing ta can quan tam.

Trai nghiém nguon dm thanh nhu két ho'p cua ba phan: am thanh tryc ti€p, ban sao s¢m (phan doi
hay turong quan &m thanh tir loa khac) va ban sao delay (ti€ng vang). Tat ca déu co6 mat trir khi d6 1a loa
solo trong méi trwrdng bét ddi xirng. B phirc tap vé am thanh tang 1&n méi lan thém ban sao. Thuat ngir
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phan loai phd bién vé nhirng trai nghiém nghe nay la tonal, khdng gian va tach biét (tiéng vong kha r6).
Puong gilra nhirng ving nhan thirc nay hau hét mau xam, dan dan va phu thudc tan sd. N6 c6 thé ton tai
don I& hay két ho'p (phu thudc vao tai liéu chuong trinh, mirc d6 va thi gian bu).

15
2.5ms late + 6dB louder = compromise localization
o 10 1
&
3
3
g 51 10ms late +10 dB louder = compromise localization
= 5ms late +8 dB louder = compromise localization
0 - - - - - - - - - - - - 9
0 5 10 15 20 25 30
Time offset (ms)

Hinh 5.6 Hiéu (rng thir bac. Hinh anh &m thanh ndm ngang bi &nh hué'ng béi bu thdi gian va mirc dé gitra
nhirng ngudn. Hinh anh am thanh tap trung gitra nhirng nguén cé ca hai mirc bu déu bang 0. Ngudn sau phai
I&n hon dé duy tri hinh anh trung tdm nhu thdi gian bu tang 1én. Thai gian bu 10ms dau tién la quan trong
nhét trong hanh déng can béng giira thdi gian va mirc dé (theo Haas).

3-D localization

" AT Delay —
” Offset - .
Binaural difference
- dB Level > .
) A Offset | ..
HRTF difference =~ e
dB Level
A Offset
l ........... Vertical + Horizontal
X compromise

Left HRTF \_/ Right HRTF

£ N

1' Il
Horizontal: Binaural localization compromises image between the sources.
Vertical: Conflicting HRTF values compromise image between the sources.

3-D: Final location is a combination of both mechanisms.

Hinh 5.7 Nhirng hoat déng két hgp ctia hé théng dinh vi doc va ngang. Loa tach biét theo chiéu ngang véi
huéng doc béat ddi xirng. Viéc dinh vi ngang van con & hai bén tai. Gia tri HRTF doc xung dét dat dugc thoa
hiép di theo vi tri néi tréi ndm ngang.
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DAy la bién thé vé chu dé cong am, trai tim cua sach nay. Lién két gilra viing cong &m va sur nhan biét &m
sé&c rédt quan trong cho chién lwrgc t6i ru hoa va thiét ké cla ching ta.

Nhiéu 4n ph&m am thanh tap trung chi yéu vao nhan thirc 11 n6i va kha nang phat am dé hiéu.
Chuing ta kho thé tim s6 liéu thong ké cho NASTI (nose flute, accordion and snare transmission index-sao,
accordion va chi s6 lan truyén cua tréng snare) hay %ALCONGAS (articulation loss of conga drums-méat dé
rd clia tréng conga) va sy nhan thirc vé nhac cu rdt quan trong. Khoéng c6 cai nao trong sach nay lién quan
dén pham vi phat am. Ching ta cam két giam sy bat binh dang gitra dir liéu nhap vao. O day ching ta lién
hé van dé nhan thirc v&i hanh dong cu thé: Lam sao chung ta co6 thé két hop nhan thirc véi nhirng cai
chuing ta c6 thé thdy trong khong gian va trén bd phan tich t6t nhat? Lam sao ching ta cé thé dich n6 thanh
hanh dong cua t6i wu hdéa? Trong khi nhirng sach khac nhan manh sy twong phan gitra cach tiép can sac
thai, khéng gian va echo, con chiing ta thao luan vé su lién tuc gitra n6 va nguyén nhan théng thuo'ng clia
né.

Nhan thirc echo la nhirng su kién r6 rét, tach biét vai &m thanh tryc tiép bang khéng gian im lang,
do d6 c6 thuat ngir "rdri rac- discrete". Vat ly thi n6i khac. Tach biét I ty 1é tan sd, véi tan cao dén trurde va
tan thap con lai lién két véi nhau trong th&i lwgng dai hon. Am thanh tryc tiép va phan déi khéng bao gidr
tach r&i hoan toan, nhung chang ta nhan thdy né theo cach do vi phan lién két con lai ndm duéi tam nghe
(hay loa). Thai gian la yéu t6 then chét & day. Néu thdi gian vé tan, chang han nhu giai diéu lién tuc, ching
ta sé khéng bao gi& cdm nhan dugc echo rdi rac & bat ky tan s6 nao, cho du c6 bao nhiéu tdm kinh bao
quanh. Nhan thirc vé echo doi héi phai thay déi nang dong, tirc 1a dang thoang qua. Cé bai hat country cii
két luan: "Lam sao t6i c6 thé nhé ban, néu ban khéng bé di?"

Hay xem xét hai diéu kién cuc doan cua show. Giong Gregorian hat thanh ca don diéu, xuat phat
trong nhirng khéng gian vang déi nhat tirng thurc hién: nha ther bang da va thuay tinh. Khoang thai gian
thanh ca gan nhu v6 han mang lai cho n6 nhéan thirc 4m thanh t6i da va mién nhiém no tir sy xao trén boi
nhan thirc echo. Amen. Nguoc lai cuc doan la xung lurc thuan tdy, tdng va giam trong chu ky don Ié trén
gidi tan s6 réng. Tin hiéu nay la cach dé phan biét echo don gian nhat, va khd phan biét tone nhéat. Thanh
ca co thoi han t6i da va dong luc t6i thi€u trong khi xung thi nguoc lai. Nhirng tin hiéu am nhac (hy vong)
chira hén hop nhiéu tin hiéu tam th&i va én dinh.

Chuing ta thugrng xuyén chuyén tiép gitra nhan thirc vé tonal, khéng gian va echo ma khéng can
d6i chd ngdi vi n6 dang c6 tan sé cao phu thudc. Con dudng nhan thirc echo 1a dan dan. N6 bét dau & tan
s6 cao nhét va 16t hét phan am phé Ién hon. N6 da céng b6 réng réi, co ché phan chia la thei gian bu
(Hinh 5.8). Vlng nhan thirc dau tién, vung dung hgp 4m diéu, chay trong 20-30ms dau tién. Nhu sau, sau
do, nhirng van dé trong khu virc nay sé ¢é lgi nhat tir thiét bi diéu chinh &m thanh: bo can bang-EQ. Ngoai
ranh gi¢i 30ms chiing ta vao khu vyrc réng ti€p tuc khoang 50 hay 60ms, roi cudi cling xudt hién dé tach ra
(trén 60ms). Vung cudi cung nay it cé lgi nhat tir viéc can béng. Chang ta nén ludn nghi ngd bat ky
ngudng thdi gian con sé don nao dé mé ta nhan thirc 4&m thanh. Thinh giac cla ching ta kéo dai giai thoi
gian/tan s6 1000:1 (50ms dén 0,05ms). Chlng ta hay xem xét tin hiéu két hgp véi thoi gian bu 30ms, gidi
han cta ving dung hop 4m diéu. Tai 33Hz (30ms) tin hiéu truc tiép va phan doi la A don riéng. Am thanh
phan doéi sé bat dau dang théi diém am thanh truec tiép chdm dirt, mé réng thdi gian nhan thire duéi dang
khong thé phan biét dugc gitra hai chu ky 4m thanh trure tiép. Ngurorc lai, cling thai gian bu cling dat 400 1
gitra tin hiéu 12kHz. Tin hiéu c6 200 A cua 12kHz sé c6 khoang hd 200 A gitra tryrc ti€p va phan déi da
dén. Tai thoi gian bu 30ms, sé cam nhan HF nhu bj tach ra, trong khi 33Hz sé& khéng. Gon trong dap (rng
tan s6 téng ho'p sé coé tinh nang peak do rong octave & 33Hz. Tai 12kHz, peak sé la 1/400 clia dé rong
octave. Nhirng chuyén nay c6 giéng nhu nhirng (rng vién bang nhau cho can bang (EQ) khéng? Tan thép
van con trong vung &m diéu, mid-range nam trong vung chuyén ti€p khong gian va tan cao da vuot qua dé
tach ra.
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Hinh 5.8 So sanh s&c thai truyén théng dura trén thdi gian cho ngudng nhan thire tonal, khéng gian va echo
theo mo6 hinh ty 1& buéc song.

5.3.1 Nhan thirc am diéu (sic) -- Tonal perception

Chét lurgng am diéu l1a sy két hop gitra 4m thanh trurc tiép va céng am ban dau (phan doi hay loa
tuong quan). Diéu chinh d&c tinh &m diéu cua am thanh trurc tiép bang bé loc lurge (comb filter), gon theo
ty 1& nang lugng clia Am dén tré. Giai tan s6 ma filter rong nhat va hau hét filter Am diéu tréi nhat déu thay
giam manh khi thi gian bl tang Ién. Filter ngay cang hep di xudng tir khu viyre trén. Cubi cling, viéc thu
hep vugt qua kha nang phan biét peak va dip. Khong hét réi loan, tuy nhién, né di cu qua ngudng nhan
thirc &m diéu, di vao nhéan thirc khéng gian va cudi cling 1a nhan thirc echo.

Phong t8i om, ngoai trir chudi anh sang. Tam tri cia ching ta tap trung vao viéc phan biét khuén
mau cda nd, cho du no chi chi€ém mét phan nho trong tam nhin. Ching ta tap trung vao nhirng cai dang
thay, khong phai nhirng cai khong thay. Nhan thirc am diéu cua ching ta déu nhu nhau. Ching ta nghe
nhirng cai dang nghe, khong phai cai gi dang thiéu. Doi tai clia chlng ta tap trung vao nhirng diém sang
trén am phd, peak, va loai bé bong t6i am thanh cda dip xuéng dudi nén. Md hinh clia diém sang am thanh
la duwdng bao (envelope) am diéu, 1a hinh dang ctia &m phé.

Budng bao (envelope) 1a hinh dang 4m phé cua loa, néu mét minh n6 trong méi truéng ty do.
DPudng bao cua loa ly twéng sé& khong co tinh chat am diéu, dap irng phang, khong c6 peak hay dip. Céng
am sé thém gon va diéu chinh duéng bao. Khu vyre peak cao nhat ndm trén trung vi (median) va triét tiéu
(cancellation) ndm duéi. Peak trong ving lan can dap (rng trung vi s& néi Ién nhu ngon ddi trén chan troi
phang. Khu vurc dap (rng trung vi trong khu triét tiéu ciing s& nam trén cao. Peak c6 dudng bién bi triét tiéu
sau la trudng hgp curc doan nhét do dé turong phan mirc d6 & nhirng tan s6 gan do.

Tai c6 d6 nhay v&i tan s6 (cao do-pitch) va bién thé am diéu. Co6 thé phat hién bién thé cao do réat
nhé (séc nét, phang hay rung) v&i do nhay trong khoang 1/100 octave. Nhay véi bién déi am diéu cé nghia
c6 thé nhan dang peak hay dip trong dap (rng. Ngudng (threshold) goi la bang théng t&i han-critical
bandwidth (Everest, 1994, trang 46-47). Peaks va dips hep hon bang théng t&i han nhiéu, sé nhan thirc 1a
thém hay tach biét khéng gian hon la nhan dang ra hinh dang dap (rng tan s6. Cong &m gon c6 bang
théng tuyén tinh, nhan thirc 1a thu hep dan theo tan sé béng tai nghe log cta chang ta. Gon nhu vay
thuorng 1én va hep hon bang théng téi han, phu thudc vao tan sé. Bl thdi gian nho gilr dugc nhigu &m
pho & phia nhan biét 4m diéu réng hon va bu I&n sé guri vao khoang tach nhigu hon.
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Hinh 5.9 Thi du dudng bao am diéu: (A) Peak réng co dip trén canh cta no; (B) Peak réng bao gém nhiéu
peak nho hon trén dudong trung vi; (C) Peak hep I&n thi khé nghe duoc

DPap (rng tan sé thé hién trén bo phan tich c6 do chinh xéac hién dai, pht hop vé&i nhan thirc dudrng
bao am diéu (Hinh 5.9). Peak bang thong rdéng la loai nhan dién nhiéu nhat (try'c quan va nghe), ngay ca
khi chi c6 mot vai dB trén trung vi. Peak rat hep c6 mirc do twong duong it quan tam dén 4m diéu.
Thudng trich dan bang théng t&i han khoang 1/6 octave & mid va tan s cao, nhung, giéng nhu nhiéu khia
canh clia nhan thirc chi quan, cai nay khéng dit khoat. D6 chinh xac vé tan sé thédp cua tai trd nén tuyén
tinh hon cling nhu dé réng bang théng t&i han. Biéu nay c6 y nghia thurc tién déi véi viéc can bang (EQ)
hé thdng, co6 hiéu qua v&i nhirng cai di thwd'ng nhay nhét: peak rong. Co thé xir ly peak va dip hep hiéu
qua hon béng nhirng giai phap khac hon la can béng.

Nhay v&i peak khéng c6 nghia khong nghe dugc dip, chi it rd hon théi. Nghe dugc n6 chi vi
khéng cé tin hiéu hon 1a hién dién. Nhirng khu vure vang mat dang cha y theo th&i gian. Nhiéu phan nhac
bi thiu hay mé&t can bang. Vai nét nhac s& néi bat; Nhirng nét khac bj mat hay c6 séc thai bat nger. Chiang
ta c6 thé can bang peak dén murc trung vi nhung diéu nay sé khéng khéi phuc nhirng manh bj mét do triét
tiéu. Chang ta van con quan tdm dén nhirng dip nay, nhung qua hep dé diéu tri hiéu qué bang giai phap
am thanh, nghia la bang filter.

5.3.2 Nhan thirc Echo

Trong vat ly Am thanh, khéng cé dudng phan chia gilra viéc nhan thirc nhirng giai diéu dén sém
va tiéng echo r&i rac. Bat ky dén an thir hai nao sé xuét hién tach biét khi xem trong mién (domain) thoi
gian va lién két (link) khi xem trong mién tan sé. So- d6 phong vang doi cho thdy hang tram xung riéng biét.
Pap (rng tan sé log cho thay s thu hep cla loc Iugc lién tuc. Khéng co gi trén bd phan tich noéi ra sur
chuyén tiép sang nhan thirc rong rai hay tiéng echo r&i rac. Pudng phan chia ndm trong dau. Ching ta
biét sy thay d6i Am thanh dén tir cong am "s&'m", khdéng gian tor cdng am "trung binh" va tiéng echo r&i rac
tor cong am "tr&". Lam sao xac dinh d6 la tré? Do 1a khi ching ta nghe n6 nhu tiéng echo. Chiing ta dang
no6i dén sy phan doi: tranh luén vong quanh.

R6 rang 1a nhan thirc chuyén ti€p bj anh hudng bai tai liéu chuong trinh. Thanh ca Gregorian (lién
tuc) dai dién cho curc doan, trong khi Tréng va Bugle Corps (thoang qua) thi khac. Su khac biét chinh 1a
thoi gian cong am. Nhirng tin hiéu lién tuc da kéo dai thdi gian cdng 4m chdng 1én nhau, va cé kinh nghiém
nhu 1a sac thai giai diéu. Con tin hiéu thoang qua cé thdi gian chéng t6i thi€u, 1am né trd thanh nhirng
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ngudi dan dudrng trong viéc di cur ving nhan thire. Tan s6 cao vurot qua dudrng thanh nhan thirc echo dau
tién vi peak thoang qua ctia n6 c6 thdi han ngén nhét.

Thei gian bu hiéu qua 1a tuyén tinh con nhéan thirc ciia ching ta la log. Vi vay, no la tro choi cong
béng dé ap dung thang do thai gian trurgt (slide) cho nhan thire echo. Tré cua 10kHz & van dé rét khac voi
tré clia 100 Hz. Tin hiéu dén tré 5ms sé chai & 1/50 octave rong & 10kHz (bt 50A). Digu nay vuot xa bang
théng t&i han (bu 6A) cho sy bién d6i am diéu. Rdi n6 1a gi? N6 phai la cai gi. N6 chdc chan c6 tiém nang
echo néu tin hiéu la thoang qua. Ching ta chac chdn sé& khéng can bang né, vi vay, cho muc dich that t&,
do la echo. Pang xay ra cai gi & tan s6 100Hz? Ban c6 doc t6i khéng? Chlng ta rat tiéc phai théng bao cho
ban, 100 Hz (bu ntra A) da trai qua bién thé 4m diéu cubi cung: triét tiéu. Ngudi hang xém cta nd, 200Hz,
da nhan dugc do tidng Am diéu rong octave trong quy trinh nay. Thang do trurgt tir &m diéu dén echo la
gian di nhu rang logarithmic cta bo loc Iwgc cta ching ta. Ché rang cura mé rong, chung ta nghe thay giai
diéu; Khi n6 thu hep chiing ta c6 tiém nang echo.

Bu thai gian 60ms 1a ngudng, thudng trich dan la nhan thirc echo. Pay la truorng hop quan diém
khac, "trung khu-giong néi vocal-centric", cho chiing ta kich ¢& phu hop tat ca gia tri. Bu thoi gian 60ms sé
tao ra khoang 1/24 octave & 400Hz, ngay gilra giai ti€ng n6i. Toan b giai ti€ng noi chia nhuyén thanh
nhiéu bang théng t&i han, vi vay né c6 y nghia hoan hao khi phan loai né sang phia tach biét. Nhung dai
da s6 giai guitar bass déu duéi 400Hz, va hi-hat trén cai nay ca dam. Sé xay ra cai gi néu ching ta phai
dao ngugc quan diém ngudng, tir thai gian bu t¢i dap (rng tan s6? Hay xem xét 1/24 octave (tré 24 A) lam
ngudng thay vi thari gian ¢d dinh 1a 60ms. Sé thong dich diéu nay sang khoang thi gian trugt véi 2ms tai
12kHz va 240ms tai 100Hz. Digu nay sé xr dung ngudng bang théng khéng déi gitra giai phap mién thoi
gian va mién tan sé. Nhirng tuy chon t6i ru hoa cho nhirng chuyén di dén du¢i ngudng 1/24 octave sé
bao gbm kha nang cén bang (EQ), trong khi dé nhirng céi & xa sé& bj han ché vé delay hay giai phap khac.
N6 co gilr lai khong? Nghién ctru clia téi c6 hang tram sinh vién ung hd. Téi da nghe nhirng xung céng am
va diéu chinh thai gian bu lién tuc. Viéc chuyén tiép sang viéc co thé nhan thirc tach biét 1a dan dan, bat
dau v&i tan s6 cao nhat va tang cho am phd véi thai gian bl 1én rét nhigu. Peak thoang qua cho thdy
khoang tach biét cia nhirng tan s6 cao nhat nhd hon 2ms. Diéu nay phu hgp véi mong muén 1/24 octave.
Khi thri gian téang 1én 10ms, do tach la rét rd & gitra va van nghe c6 vé kéo dai & mirc do thdp. Vao
khoang 25ms, nhan thirc tin hiéu bj tach biét manh. Nhwng chiing ta biét n6 khéng vay. Lam sao buéc
séng 30Hz co thé tach r&i khdi chinh no6 khi né chura hoan thanh mét chu ky?

Khéng nhét thiét diéu nay xung dét véi nhirng phat hién cta cdng dong thinh hoc, hau hét tap
trung vao giong néi. Bon gian, noé chi la phan ma réng giai tan sé (& trén va dugi). Nguwdng nhan dang
echo ¢6 dinh 1a 60ms, twong (rng v&i ngudng 1/24 octave trrgt & 400Hz. Nhirng phuong phap nay phu
hop v&i quy trinh chuyén d6i nhan thirc giong noi & mid-range, nhung khac véi hai curc cello va hi-hat.

Quan hé gilra béng théng t&i han, chi khac biét dang chi y vé cao dé va do dai ho so thdi gian
clia bd phan tich hién dai, thé hién trong hinh 5.10. Luu y, d6 chinh xac tan sé quasi-log (24 dén 48
octave) cua bd phan tich hién dai ndm gilra bang théng t&i han va chi khac biét dang cha y.

5.3.3 Nhan thirc vé khéng gian -- Perception of spatiality

Thé gici xam gilra sy thay d6i am diéu va tach roi echo goi 1a vung cta khéng gian nhan thire.
Thay vi nhan ra ngudn duy nhét (cing nhau hay tach r&i), ching ta kinh nghiém trang thai chuyén tiép ctia
tach biét. Hinh anh nguén kéo dai khéng gian va mé rong gitra nhirng diém dén khac nhau. N6 thudng goi
la "tang khong gian" nhurng cling cé thé goi 1a "T6i khdong thé hinh dung &m thanh dén tir dau". Pham vi
th&ri gian bu chi dinh gitra 30-60ms (post-tonal va pre-separation). Vi chiing ta da cho thdy diém yéu cua
thari gian la giéng nhu chia viing, nén c6 thé goi viing nay la gi: sy chuyén d6i phu thuéc tan sé gilra giai
diéu va tach biét. Vai tan s6 da di cu qua dé tach, trong khi nhirng tan s6 khac van nam trong thé gi¢i am
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diéu. Két qua, bod nao bj 1an 16n gitra hdn hop nhirng manh méi dinh vi. O' day, nhan thirc vé "khdng gian"
am thanh va cam thdy khong gian hinh nhu da lién két kha tot.

1000ms F===T—=T— 7T PR TR
f —————— 60x @ 100 Hz

l <«——200x @ 1 kHz
100 ms’.} 60x @ 100 Hz 200x @ 10 kHz |
| i
10 msl 4
i /4 80x@1kHz  //
| ; /

1.0ms| 1x to 3x @ 100 Hz /
I 4xto7x @ 1 kHz

/"/ A
48x @ 10 kHz //
3 | ;‘/
tH Critical Bandwidth "Munich® 3x to 8x @ 10 kHz
Critical Bandwidth "Cambridge” ‘
SIM3 Analysis Time ‘
Loudness Integration Time Constant|
Frequency JND |

100Hz ' 1kHz 10 kHz
Hinh 5.10 Thai gian so v&i tan s cho bang thdng t&i han, chi sy khac biét dang chi y va bo phan tich SIM3
ma théi. Pap (rng cua tai gan nhu 1a log, hau hét 1a log trén mids va highs, va hau hét 1a tuyén tinh trong giai

LF. D6 chinh xac cta bd phan tich FFT hién dai la du dé thdy bat ky thay d8i am diéu nao trong giai bang
théng t&i han.

Truwée day, chldng ta da thao luén chigu rdng ngudn hién nhién. Ching ta chi cé thé kéo dai gitra
nhirng nguodn trudc khi day cao su dirt ra va nhan thdy ngudn bi tach. Giai LF co thé trai dai qua bu thoi
gian I&n hon (khoang cach am) va do dé cé do dan hoi Ion hon giai HF. Nhiéu cai dén tir nhiéu huéng
khac nhau, chdng han nhu phan déi trong phong hay loa surround, mé réng chigu réng ngudn ré rang theo
nhiéu huéng va mat phéng. Tin hiéu full-range phirc tap cung cép sy pha trén dung hop am sac, kéo dai
nguodn va tach rai lién tuc. Co bat ky ai ty hdi tai sao goi vung nay la "khéng gian" khong?

5.3.4 Tién trién cGia vung nhan thirc -- Perception zone progressions

B0 phan tich c6 tan sé 1/24 octave, hay, t6t hon, man hinh tan sé logarithmic cé thé cho biét khu
vire nhan thirc chiing ta dang & (hinh 5.8). Néu lam theo Iy thuyét band t&i han, ching ta cé thé thiét lap
ngudng am diéu dén khoang cach peak cua 1/6 octave va bén dudi. Vung nhan thirc ra echo (<1/24
octave) ndm chung quanh gidi han trén cua dé chinh xac clia bé phan tich. N&u bo phan tich dang gép rac
roi vé chi tiét dap (rng tan sé thi tai ciia ching ta cling sé nhu vay. Bo phén tich co6 dé chinh xac cao gitr lai
nhirng manh mgi quan trong trong dap rng ma dé chinh xac thap sé tron tru hon. D6 1a trong hat dap (rng
tan s6 nhuy&n min, noi tiét 16 nguéng nhan thirc. Peak réng (ving &m diéu) xuét hién trén man hinh la
nhirng rng ctr vién t6t nhat cho EQ, va né 1a! Combing siéu min (ving tach) xuét hién nhu 1a trng ctr vién
t6t nhét cho nhirng giai phap khac ngoai EQ, va n6 1a! Ma quy bén trong nhirng chi tiét.
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5.4 Nhan thire Stereo -- Stereo Perception

Moi ngurdri déu yéu am thanh stereo. N6 t6t han mono 100% trir khi ching ta chi nghe duoc 50%
chuong trinh. Chlng ta déu biét ly do & day. Hé théng pro sound stereo, gibng nhu quy phong hd, hoan
toan tuyét voi v&i 1% s ngudi. Khdng ¢ bang chirng chirng minh vé viéc gian stereo nho that sy ¢o trai
nghiém trong hoi trwdng ca nhac hay sén khiu la sé thay déi that t& 1a n6 1a nhu cau cua tat ca tay dua.
Tuy nhién, ching ta sé xem xét né hoat déng (va khong) ra sao va nhirng phan rng phu cua viéc vugt qua
no. Stereo Everywhere ™ 1a nhan hiéu clia Bose nhung sé can nang cdp thém phan mém dé giai phau tai
con ngu&i, da trién khai that sy. Toan 1a chuyén tudng tugng!!!

5.4.1 Khu vuc toan canh -- Panoramic field

T4t ca chang ta déu biét trung tam la chd ngbi t6t nhat cho am thanh stereo, nhurng & moi chd khac
chét lwrgng giam nhanh. Hay bat dau bang cach 1& ra &m thanh stereo phai hoat dong ra sao truéc khi
chuyén sang nhirng han ché clia n6. Tin hiéu stereo tiéu chuan xtr dung bu mirc do (phan ILD cla dinh vi
ngang) dé dat tirng tin hiéu riéng 1é doc theo chan trdi toan canh. Mdrc dd quan binh I1a trung tdm cua tin
hiéu, trong khi mirc d6 bu 10dB loai bd loa bu it hon rat hiéu qua. (0] day, ching ta c6 thé nhan ra nhirng
vlng ghép ndi va cong dm cb lap. Sy giam dan mdrc d6 bu dat tin hiéu twong (rng gitra trung tam va bén
nghe tréi hon. Hay gtri 5 tin hiéu vao mix: L, LC, C, RC va R (mirc d6 bu 10dB, 3dB va 0dB). Ngu¢i nghe
cling c6 manh mgi dinh vi thir hai, ITD, trong do tra I&i "trung tam- center" bat ké c6 khac biét mirc d6 nao.
Do d6 ching ta co thé két luan, ky sur mix muén dinh nghta vi tri toan canh tur sy két ho'p cua viéc thay doi
ILD va ITD tinh. Can phai hiéu, nhan thirc vé am thanh stereo gia str sy lan truyén lién tuc trén dudng
chan trdi. Nhan ra loa trai va phai ¢ ngudn tach biét la dang nhiéu channel, khong phai 4&m thanh stereo.

5.4.1.1 Hiéu &rng léch tam -- Off-Center Effects

Tim ra tap ho'p nhirng quan hé ILD m&i trong ndm tin hiéu khi chiing ta di chuyén sang ghé & bén
trai. Dinh vi ILD thay d6i nho nhét & hai thai curc bén ngoai (tin hiéu L va R) do mirc dé tin hiéu tréi hon &
mot bén loa. L ndm & L va R ndm & R. T4t ca channel khac di chuyén sang trai vi chuyén dong da dua
ching ta gan bén trai va xa bén phai hon, diéu nay diéu chinh ca ILD 1an ITD sang bén trai. Sy dong gop
cla ITD, trudc day la lyc & trung tdm, bay gior & bén trai rat r6. Hinh dung ra cai thuyén day nhirng trai
phéo bj théi bay t&i canh cdng béng con gié manh. Gan chat trai banh ky hon hay dé gi6 va xung luc sé
két hop va ddy nhe con tau stereo 1&n trén. Channel "C" (center) kho ti€p can cang vi ca hai gia trj ILD va
ITD déu déng y ngudn & bén trai. Théng tin channel LC va RC ciing di chuyén sang tréi, chi dé lai channel
R hién dién bén phai. D6 nghiéng ting méi lan chung ta di chuyén xa trung tdm. Nh¢ lai, co ché nhay cua
ITD chi can vai mili gidy dé di hét téc luc.

o] day, hay lam rd hoan toan. Néu mdrc d6 cho b stereo can béng hoan toan cho vi tri trung tam,
thi theo thong 1&, mirc dd khdng can béng & vj tri Iéch tam. Pan tiéng guitar solo sang LC, ndm hoan hao
bén trén mix (& trung tdm) khong thé giai thich né ndm duéi (hay trén) mirc do t6i wu & bén canh. Khéng
chi 1a mirc d6. N6 ciing bj lac 16ng. Con nira. Tin hiéu ngay vi tri cia ching ta dang mat dan, cling dang tut
lai dang sau dung luc. Gior day, nhan thirc ra né mat can béng va lac 16ng. O mai chd ngdi nam ngoai
dudng trung tam, ban sé biét mét digu chac chan: Nhac cu khéng & mirc dé hay vj tri ban da mix no.

Moi ngu¢i thich xtr dung hiéu (rng thir bac khi ho nghi vé cach thao tac hinh anh am thanh quanh
san khau hay du&i balcon. Nhung céi bang lai bat ching ta trong cédu hinh stereo. Thay vi thir bac che
gidu loa di, no lai 1am ngugc lai: N6 kéo hinh anh di dén loa gan trong cdu hinh L/R.

Chung ta hay di qua thi du va nhin vao ba vij tri: Iéch tdm Oms, 2,5ms va 10ms (hinh 5.11). Tuwong
(rng v&i nhirng cot méc mirc d6 0dB, 6dB va 10dB trong biéu doé thr bac. Hay |dy goc bao quat va hao hut
murc do lan truy@n ra khoi phuong trinh va gia str sur khac biét mdrc do chi la két qua cua viéc panning
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sang tat ca vi tri. Khi dat dén I&éch tam (trai) 2.5ms ctr nhu thé loa bén trai I'n honé dB (qua du dé kéo hinh
anh & dd). Nhac cu da pan sang L, LC hay C sé& xuét hién & cling vj tri: bén trai. Can phai pan manh dé cé

co hdi vuot qua hiéu irng thir bac.

Off center effects on stereo panning

Pan L | R Listener Precedence Perceived level | Image
Left 10 ms -10dB (R) Ris-16dB
Left2.5ms -6 dB (R) |Ris-12dB
0dB | -6dB [Center (Oms) 0dB Ris-6dB
Right 2.5 ms -6dB (L) L=R
Right 10ms  |-10dB(L)  |Lis-4dB | RC
Left 10 ms -10dB (R) Ris-13dB
Left 25 ms -6dB(R) Ris-9 dB
LC 0dB | -3dB |Center (Oms)  |0dB Ris-3dB
Right 2.5 ms -6 dB (L) Lis-3dB
Right 10 ms -10dB (L) Lis-7dB
|Left 10 ms -10dB (R) Ris-10dB
Left25 ms -6 dB (R) Ris-6 dB
0dB | -0dB |Center (Oms) 0dB L=R
Right 2.5 ms -6 dB (L) Lis-6 dB
Right 10 ms -10dB (L) Lis-10dB
Left 10 ms -10dB (R) Ris-7dB
Left 2.5 ms -6 dB (R) Ris-3dB
RC -3dB 0dB |Center (Oms) 0dB Lis-3dB
Right 2.5 ms -6 dB (L) Lis-9dB
Right 10 ms -10dB (L) Lis-13dB
Left 10 ms -10 dB (R) R is -4dB
Left 2.5 ms -6 dB (R) L=R
-6dB 0dB |Center (Oms) 0dB L1s-6dB
Right25ms  |-6dB(L) Lis-12dB
Right 10 ms -10dB (L) Lis-16dB

Hinh 5.11 Hiéu (rng clia viéc bu thi gian vé nhan thirc stereo & nhirng chd ngdi léch tam. Hiéu (rng thir bac
nghiéng vé phan bé toan canh khi ngéi léch tam.

Chung ta cang gan trung tdm bao nhiéu, thi cang gan mix hon bdy nhiéu. Hé théng pro-sound
thudrng bao phu nhirng khu vire chd ngbi Ién, tham chi khéng phai la gitra trai hay phai. N6 la trai ctia bén
trai hay phai clia bén phai. Ngu&i nao khac sé phai giai thich stereo c6 thé ra sao, tham chi c6 thé thao
ludn trong tinh hudng nay. Hinh anh &m thanh stereo xe hoi t6t ra sao khi ban dang dirng bén ngoai n6?
Nhiéu nha hat va san khdu c6 ntra ghé ngoi bén ngoai hé théng chinh. Nha hat va nha thd hinh quat thadm
chi con nhiéu hon (va lam nhiéu diéu dién ré nhat dé thir c6 Am thanh stereo).
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Level Offset B 5 6 7 8 i 9 | 10 Phase based summation
(dB)

zones

Phase offset 0
Maximum addition

60 |55 |51|46|42|39 35|32 292624

ﬁ Coupling zone
. :\4\ Phase offset: 0" to 120*
+ Summation: +6 dB to 0 dB
Ripple: <6 dB

Cancellation zone
Phase offset: 120" to 180°
Summation: 0 ¢8 to -60 dB

Ripple: < 60 dB

Summed level (dB)
® & b & ©

4 ¢B level offset

Phase offset 180"

-60.0|-19.2|-13.7|-10.7| -87 | -7.2 | 6.0 [ -52| 4.4 | 38|33 [-29 | -25| 22|19 |17 | 15|14 |-1.2| 1.1 [ 08|  pMaximum subtraction

0 0
Ripplo (dB) |66.0|24.7|18.8)153(120(11.1| 05 [ 84 | 7.3 | 64 | 57| 50 |44 [ 40 | 36|30 |28 |24 |22 20 | 15 | MEimum varation botween
Phase based
Transition zone Isolation zone p
Level based Level offset: 4 1o 10 dB Level offset: > than 10 dB T nzonee
summation Phase offset: unlimited Phase offset: unlimited
zones Summation: +6 dB to -60 dB Summation; +4 dB 10 -8 dB Summation: +2 dB fo -3 dB Level based
Ripple: 6 dB o 12 dB Ripple: < 6 d8 summation zones

Hinh 5.12 Hiéu (rng théi gian va mirc d6 vé nhan thirc stereo & nhirng chd ngdi léch tam. Hiéu (rng thir bac
va mirc dé bu nghiéng sang toan canh.

5.4.1.2 Hiéu trng géc -- Angle Effects

Ch&p nhan gbc nhin toan canh stereo no6i chung la 30° tir tdm (tam giac déu trai, phai va ngu oi
nghe). Diéu nay that dé dang & nha hay trong phong thu ma chung ta chi quan tam, "diém dé thuong-
sweet spot". Khu vure stereo rong sé cé hinh anh kém 6n dinh khi chiing ta di chuyén khai trung tam. Khu
vure stereo hep 6n dinh hon vi tri nhurng "khéng vui vé" do pham vi géc bj giam. Khu vure rong tac déng 16n
dén vai ché. Khu vurc hep c6 anh huang rat nho dén rat nhiéu chd ngdi. Co thé xay ra ca hai diéu nay &
mot phong, trong khung canh ca nhac. Ghé ngdi gan c6 thé tan ra rong trong khi chd ngdi xa théy tan ra
hep. Ch&c chén, chiéu rong cua khu toan canh sé thay ddi theo khoang cach va vi tri bén trong hoi trudng.
Thigu déng déu vé kinh nghiém la chac chan.

Khi chuing ta di chuyén ra khéi trung tdm, goc gitra L va R nén lai va vj tri s& léch di. Khéng nhin
thdy channel nao khi chiing ta & phia trwdc clia loa trai. Co trung tdm va phai. Mét khi chiing ta di chuyén
sang trai bén ngoai, cap L/R chung ta that sy c6 méi trrd'ng chinh tri hién dai: phai va xa phai. Pan tin hiéu
sang tréi, gilra va nhe sang phai xuét hién & loa gan bén phai hon va chi cé nhirng tin hiéu pan that manh
Xuét hién trong channel cuc phai. Téng lai, chung ta thay tin hiéu pan trai c6 thé nhin thdy & bén trai, gitra
hay bén phai cho mét ngudi nghe, va khu vuc stereo c6 thé rong nhu hém nii hay hep nhu vét nirt (va
Iéch sang mét bén ).

5.4.1.3 Hiéu &rng Pham vi -- Range Effects

Céch b6 tri co ban clia mot cép am thanh stereo giéng nhau cho studio va san van dong. M6 hinh
bao quat ciing c6 vé twong tu, vi vay chlng ta cé thé suy ra mirc dé bl s& mé rong tir studio tai nha. Phan
ILD cua phuong trinh nhan thirc &m thanh stereo khdng thay déi bang thang do. Tuy nhién bu thai gian,
tang tuyén tinh vé&i thang do. Kich thudrc dau ctia ching ta va bu¢'c song ciia mot tan s6 nhat dinh sé
khéng doi ty 1& khi can phong I6'n ra. Cira s6 thir bac 10ms trong phurong trinh ITD khdng tang |én, nhung
ty 1& ghé ngdi ndm trong né co lai khi phong mé réng. Chi cé thiéu s6 ghé ngdi bj giam trong vong 10ms
cua ca hai hé chinh trong khéng gian réng.
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I Stereo: Angle
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Hinh 5.13 Nhan thirc stereo & nhirng chd ngdi léch tam. Mirc dé anh hudng dén thir bac va goc léch phan
b6 toan canh.

Khu viyre "ving c6 stereo" (Hinh 5.14) c6 hinh dang cai ném, bao gém ngu&i nghe bén trong clra
s6 ITD 10ms. Ca hai loa déu can phai c6 ném, mé rong khi ching ta di chuyén vé phia trwéc trong khéng
gian. Khoang cach gitra loa kiém soat kich c& cai ném vi thdi gian bu. Khoang cach réng tao ra nhan thirc
cai ném stereo hep, c6 goc rong toa ra (diéu nay giai thich tai sao goc mé tda réng cé hinh anh khéng 6n
dinh). Khoang cach hep tao ra nhan thirc cai ném stereo néi bat, cé khu vyrc &m thanh 6n dinh hon, méc
du it &n twrong hon. Dur¢i day 1a cach tim khu vure ¢6 thé nhan thirc ra &m thanh stereo: du doan trai +
phai & 50Hz. Tim thdy thuy trung tdm bao quanh khu vure bu <10ms. Gié tri vo dung (null) & hai bén 1a
10ms.

Hinh 5.14 Thi du vé vung toan canh stereo & héi trurérng dién hinh. "Vung cé stereo" ndm giira nhirng vach
trang.

5.4.2 Hiéu trng phu cua Stereo -- Stereo side effects

Pang budn nhung rd rang, panning trén console ctia ban khéng truyén cho nhiéu chd trong phong.
Khan gia ngoi léch tdm chi nghe thdy show tir phia clia ho. Va thuc hién van con c6 nhiéu mat han ché,
chéng han nhu khoanh khéc 4n turo'ng khi nhac cu dot nhién xuét hién moét minh & phia déi dién. Gidng
nhu tréng tom. Khia canh tiéu curc la bi giam kha nang hiéu, tdng do bién dang 4m thanh va nhén thirc
echo.
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Chung ta c6 thé nhin vao hiéu trng phu dé coi &m thanh stereo c6 dang gia khéng. Khéng nghi ngor
14 né nang cao n6 cho vai ngudi va cling suy giam no rd rang cho ngudi khac. Tac dung phu rat dang ké.
B4t ky tin hiéu nao da gan cho ca hai bén sé tao ra mé hinh lgc lwgc 6n dinh trén khéng gian. Ngui nghe
gan trung tdm hon sé c6 nhiéu bién thé &m thanh, trong khi nhirng ngudi & hai bén sé nghe thdy nhiéu
nguon riéng biét (nhan thirc echo). Mirc do thiét hai phu thudc vao ty 1& phan tram dé bao quat chéng lén
nhau.

5.5 Phat hién am thanh khuéch dai -- Amplified Sound Detection

N6 cé live khdng? Hay n6 Ia Memorex™? Boan quéng cao trén TV nay thudng duoc Ella
Fitzgerald hat trong phong thu trong khi loa phat giong c6 dy vao ly rugu. . . va cham! Ly rugu bé nat. Vi ly
rurou khong thé phan biét su khac nhau gitra tiéng néi tur nhién cla c6 ta va loa thi ching ta ciing c6 thé bi
Ilra (vA mua bang cassette). Sé that hay néu moi cai don gian nhu vay.

Chung ta mudn khan gia tap trung vao nghé si, khéng phai vao loa, vi vay chiing ta phai ¢4 duy tri
&0 giac ngudi nghe ndm trong khu vyre &m thanh trure tidp cuia ngurdi bidu dién. Ching ta phai xem xét
toan bé manh maéi nhan thirc c6 thé 16 bi mat. Chi can 16 ra mét [an dé 1am v& &o twdng. Goi y co thé 1a
micro cam tay. C6 thé lam khan gia va ngudi phé binh quén di sy hién dién cua hé théng &m thanh, trong
truorng hop d6 chiing ta s& nhan danh gia t6t nhat vé show: khéng nhac dén hé théng am thanh.

5.5.1 Su bién dang -- Distortion

Tat ca hinh thirc bién dang déu cho chlng ta nhirng dau méi ma loa tham gia. Méo hoa &m
(harmonic) 1a t6i té nhat, vi né cé chat lwgng “am nhac”. Bién dang diéu bién giao thoa (Inter modulation-
IM) va digital dang chi y hon nhiéu. San pham phu cua loai bién dang nay khéng lién quan dén hoa am va

phat hién ngay ca & mirc do rat thap.

Tuy nhién, van hanh hé théng trong gi¢i han cua noé la van dé cla ky su mix, va khéng co chién
lugc thiét ké hay t6i ru hda nao mién nhiém khoi kha ning nay. Chung ta chi biét thiét ké hé théng co du
headroom dé dat mdrc dé thich hgp, khong bi qua tai.

5.5.2 Nén -- Compression

C6 18 d& nhan thdy sy vdng mat han ché (limit) va nén hon sy hién dién cta n6. Khi mét ca s1
nghiéng vao micro va hét Ién, hé thdng am thanh c6 nguy co phat hién cuc cao. Nén va han ché lam
phang dap (rng dynamic va gitp ngén bi clip hay tdng mirc d6 téng thé. Han ché qua murc c6 thé dugc chl
y la cAu trac dynamic khéng ty nhién. Trurd'ng ho'p xau nhét la compressor qua tai roi "tha- breathes”,
nghia la nghe ré dong tac kep (clamp) va tha (release) 4m thanh. M6t lan nira, day 1a van dé vé van hanh.

5.5.3 Sac thai am diéu -- Tonal coloration

Néu clarinet khéng c6 c4u trac am thanh nhu cua clarinet, thi ching ta bat dau tu héi lam sao cé
thé c6 diéu nay. Co thé phan déi trong phong ky la gay ra chang? T6i udng bao nhiéu r6i? Ah c6! Co hé
théng am thanh! Bap trng tan s6 c6 peak va dip dang ké thu hiat ch y clia ching ta. Ban do tri nhé cla
chung ta chira nhirng ky vong vé 4m thanh cho nhac cu hay giong néi cu thé. N6 cling nh¢ lai nhirng cai
n6 nghe cach day hai gidy. Néu &m thanh khéng luén ty nhién, hay khéng nhat quan khéng ty nhién,
chiing ta thugrng nghi ngd hé théng &m thanh co6 lién can.

5.5.4 Quan diém sai -- False perspective

Violin 1a violin. Nhung violin dat trén vai toi c6 am thanh rét khac vai cai cach 30mét. Chung ta
mang theo vién canh 4m thanh nhu 1a mét phan clia ban d6 tri nhé cda chung ta vé violin. Violin & xa
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khong c6 am thanh nhu & gan, hay ngugc lai. Chang ta sé nghi ngd khi nhan thirc &m thanh khéng khép
v&i hinh anh.

Hé théng pro-sound lam bién dang vién canh &m thanh tu nhién. Ching ta c6 thé gilp ngudn & xa
nghe nhu & gan bang cach thém mirc dd va mé rdng dap rng tan s6 cao. Piéu nay mang khan gia gan
ngudi biéu dién hon va cling cho phép ngu¢i biéu dién tiép can khan gia ma khéng can phai réng 1én theo
cach cua dién vién san khau c6 dién. Ngudi biéu dién co thé hanh déng, hat va biéu cam v&i dynamic
range I&n hon. Bai hat co thé xuéng giong thi thAm, nhung van nghe dugc. Toém lai, véi am thanh "ty
nhién", dién vién phai n6i chuyén theo cach khong tu nhién dé phong ra phia sau. V&i am thanh "khéng ty
nhién" (d6 la cta ching ta), ngudi biéu dién co thé néi chuyén theo cach tu nhién.

Ao tudng cé gi&i han. Chang ta muén khan gia tam hoan hoai nghi, nhu ho lam trong khi d&m
minh trong bé cuc. Ching ta cé thé mang khan gia va ngudi biéu dién gan that t& hon nhung khéng ndm
trén nhau. Ngu'¢i nghe c6 nhirng mong doi &m thanh vé &m thanh xa xi trong thé gigi ty nhién: mirc do
thap, giam ty 1& phan déi trurc tiép, giam cong am tan sé thép tir phong va giam hao hut tan s6 cao trong
khong khi. Am thanh gan mirc ché doi la I6n, khéng vang déi va phéng. Nhan thire vé nhirng khuynh
huédng nay gilp ching ta khong bi phat hién trong khi chuyén quan diém.

Mdrc d6 va dap rng HF déu tang khi chung ta dén gan hon. LF min mang va phong giam xuéng.
Hé thong 4m thanh c6 thé tién gan dén mirc d6 ching ta muén (hay gan hon) ma khong can di chuyén.
Chung ta phai tranh trai nghiém "tiéng thi tham trong tai" qua mirc bang cach khdng bao gi¢r cho phép giai
VHF cao hon bd phan chinh clia dap (rng (it nhét 1a khéng thé nghe thdy chd nao). Viéc ma rong tan sé
cao danh cho nhirng vj tri & xa phai dén phan sau ma khéng lam nong chd ngéi gan.

Ciing c6 thé dao nguoc quan diém va lam cho ngudn gan xuét hién & xa. Trong hau hét trudng
hop, cai nay khéng hdp dan. Nhirng khu vure ngoai truc 1an can co dap (rng tuong tu v&i khu vure xa. Tua
nhu chiing ta dang di chuyén khi ching ta réi khéi truc, ngay ca khi khéng xa san khau. Viéc thiéu do bao
quéat HF mé phong hao hut trong khéng khi va déy quan diém cua ching ta tré lai. Khdng ai thich ngbi chd
gan ngudi biéu dién va xa dm thanh.

Ciing c6 thé nhan ra quan diém sai khi giam tan s6 thdp qua mirc & khu vire xa. O’ khu vire xa,
phang, tan curc thap phai gan giéng nhu dap (rng & khu virc gan dé duy tri d6 hop ly. Néu tan sé thdp
xuéng dugi mirc trung binh, sé xuét hién chat lwgng &m thanh "telephone". Khong cé gi trong tu nhién,
nhu no6i chuyén qua 6ng, lam giam ca tan cao 1an th&p trong khi van giir nguyén tan mid. Néu hé théng
giéng nhu cai dién thoai, sé pha v& do tudng va khan gia sé xtr dung dién thoai ciia ho dé néi nhiéu diéu
t0i té vé chung ta trén Tweeter.

5.5.4.1 Quan diém déi -- Dual Perspective

Céch 10 loa khac la quan diém doi. Chung ta khong thé dong thai vira gan vira xa ngudn, hay trong
ballroom che rém va nha thd béng da. Chang ta c6 mét trudrng hop quan diém doi khi HF & mat va LF &
xa ban.

Trudng hop phé bién 1a delay dudi balcon véi cdt tat ca tan thdp. Chi cé giai trén 4kHz that sy doi
hoi phai ¢ gain cong &m dang ké trong két hop hai hé, hé chinh/delay dién hinh. Chlng ta chi can tweeter
vom dé dua vao dap rng tan sé. Két qua la quan diém doi: HF gan va than mat véi tan mid va low vang
déi. Néu chung ta thém giai MF va LF vao loa delay (ngay ca & mic dé giam), ching ta thém &m thanh
trure ti€p (co it ti€ng vang) va tang ty 1& trurc ti€p/phan doi trong full-range. Digu nay 1am cho thinh gia gan
san khau hon, trong full-range. Trong that t€, hé chinh thud'ng co6 LF rét tri trén hé delay du moi cach. Do
do6, giam LF hung hang cua hé delay sé tra lai giam trén dap (rng da két hop.
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Xuét hién phién ban quan diém déi khac trong thiing loa do'n, chang han nhu loa hai way, noi
driver LF va HF c6 dinh huéng rat khac nhau. Bap (rng HF ¢c6 huéng rét cao sé di chuyén nhan thirc vé
phia trurgre trong khi dap (rng LF réng di chuyén né trd lai. xay ra viéc nay rét tu nhién trong phong. N6
khong xay ra ty nhién trong mét nét nhac (cé thé xay ra néu xtr dung filter crossover that déc).

Bién thé thir ba la d&i loa bao gém nhiéu giai tan s6 khac nhau (nhu subwoofer trén nén dat va troi
qua hé main ). cé thé phan chia hinh anh &m thanh &m phé (b6 tri LF va HF tr nhiéu dia diém khac nhau).
Pay la 4m thanh dé nghe nhat v&i dé dich chd I&n va/hay crossover that déc (xem phan 4.3.4.4 va 4.3.5.11
vé crossover audibility).

5.5.4.2 Bién dang hinh anh am thanh -- Sonic Image Distortion

Ngay ca ban sao &m thanh géc hoan hao cling khéng danh Iira bat cir ai néu hinh anh clia n6 cach
xa ngudi biéu dién. Di d&i hinh anh dm thanh |1a nhan thirc sach giao khoa sai [am. Chi c6 viéc bé tri co
chién lurgce, thoi gian va quan ly mirc d6 loa méi cd thé mang lai két qua hinh anh xac dang.

5.5.4.3 Ddng bd héa -- Synchronization

Hau hét sur kién quy mé I&n bao gébm chiéu video, sé loai bd bat ky gia thuyét nao vé xem ngu i
bi€u dién that t€. Khong can phai gidu loa. Béng bd hda &m thanh va video trén quy mé nay la thach thirc
bat kha thi. Phai delay video nhung chi c6 thé dong bd & khoang cach nhét dinh. Video/am thanh khong
déng bo 1am giam kha nang hiéu ngdn ngir vi doc mébi duéi xung doét véi dm thanh. Va co vé 16 bich.

Trap 'n Zoid by 606

| love the precedence
effect. It's fun to do
magic tricks!

Yeah. But we just ignore that
part. Our stereo designs are
simply unprecedented.

| can get away with making
noise as long as | let another
speaker get there first.

Yeah. People are so
gullible! They even pay
to see Chris Angel!

Too bad it kills stereo imaging
everywhere except for center.

Yeah. The image is controlled by
the pretendence effect.
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Chuong 06

Danh gia -- Evaluation

Lam sao danh gia hiéu suét hé thng 4m thanh cla chidng ta? Lam sao vugt qua nhirng quan
diém chu quan tho thién nhu "t6t hay xau?" Cé rat nhiéu chi s6 khach quan nhung khéng ai chi ra danh gia
chu quan ctia ngudri nghe turong quan 100% v&i cng viéc cua ching ta. Hé thdng dm thanh ¢é dic diém
xuét s&c khéng bao dam show tuyét voi.

Hé théng &m thanh chi 1a I&p trai nghiém cda nhiéu I6p, thach thirc viéc danh gia hon nhiéu. Trong
hinh thirc don gian nhét, ching ta c6 nguén, hé théng am thanh va phong. Lam sao ban nghe hé théng 4m
thanh ma khéng c6 &m nhac hay giong hat va/hay khong c6 am thanh? La chuyén gia, ching ta nd lyc dé
tach biét nhirng I6/p nay vi nd xac dinh vai trd clia ching ta: nghé s biéu dién, ki su* &m thanh va am hoc.
Khan gia khong quan tdm. Ching ta biét ban nhac choi qua I6'n trén san kh&u va ngu i t6 chirc dirng bao
gio- dem Black Sabbath vao Carnegie Hall. Chung ta biét d6 khéng phai 16i ctia hé théng &m thanh nhung
két qua cudi cling sé coi nhu that bai ctia ching ta. Ban nght ai sé thua khi c6 ban nhac néi tiéng trong hoi
trwro'ng c6 tinh &m (acoustics) tuyét voi?

Hay tinh chinh thém nhirng I6p nay trong show 4m nhac hién dai. Chung ta co6 bé tri, sap x&p,
nhac s, thiét bi ban nhac, monitor san kh&u, kj su monitor, hé thong dm thanh, ky su mix, k§ su” hé théng
va tinh am cua hoi trudng. Tat ca I&p va ngudi choi phai lam viéc cling nhau dé dat két qua téi wru cho
nghé s7 va khan gia.

Co6 nhiéu phuong tién danh gia trai nghiém nghe khach quan va chd quan. Ky sur &m thanh c6 thé
cung cép cho chang ta SPL, dap (rng tan so, bién dang, do bao quat va nhirng chi s6 khac vé hiéu néang
cla hé théng &m thanh. K§ su &m hoc c6 thé cho chung ta dir liéu clia phong: phan tich thong ké cua hang
triéu phan doi, hang triéu cach khac nhau. Dan chuyén nghiép va khach tra tién cling cé thé mo ta kinh
nghiém chi quan béng bat ky tir nao c6 thé tudng tuwgng, trong do6 co vai ngudi xuét ban cua t6i sé khéng
cho phép. Dé coi, chung ta c6 thé téng hop nhiéu quan diém nay vao mot cau khdng:

Ky sur @m thanh tar Mars, ky thuat tinh &m tar Venus, khan gia tar Bronx.

Tiéu dé trén day la tai lieu tham khao xodn (twisted) dé cudn sach phd bién clia John Gray tap
trung vao nhirng thach thirc cua viéc truyén dat nhu cau cua ching ta dén nhirng ngu i khac khéng chia
sé quan diém. Trong cudn sach cua Gray, hai bén la nam gi¢i va phu nir. Khéng ding, ciing khong sai,
nhung ca hai déu cé céch ti€p can cudc séng réat khac nhau. Bi quyét thanh cong, theo quan diém cla
Gray, la duy tri sy tach biét ctia chung ta nhung phai hiéu duwg'c quan diém cua ngudi khac. Sau do, néu
quan hé nay co6 thé dap (rng nhu cau cla ca hai bén thi cang t6t. Néu hai bén khong hiéu quan diém cua
nhau thi c6 chu ky mau thudn va danh gia dé 16i lam giam tiém nang cho su két ho'p thda man. Vi vay, véi
ky sir &m thanh va 4m hoc thi c6 thé dugc.

Ky thuat &m hoc trong sanh giao hudng dugc théng béo, co van dé trong phong ca nhac da thiét
ké gan day, bat cir khi nao xtr dung hé théng am thanh cho ca nhac pop va jazz. Bugc biét ngay tir dau,
hoi trrdng sé t6 chirc nhidu show, nghé si va chu s& hiru da nghe hira hen tinh &m s& hoan hao. Hoi
trwdng da 1a thanh céng 16'n cho dan nhac giao hudng, vi vay, rd rang van dé khong phai la tinh &m cua
ki€n trac. NO phai 1a hé théng am thanh: hé théng loa 40 phan tir, do nhigu ki su* &m thanh thiét ké cho
khong gian. Ky thuat &m hoc dé xuét giai phap: Hé théng loa ngudn diém da huéng don, 1am thanh khéi 12
mat (dodecahedron), réi nang 1én trén san khau dé thay thé nhirng loa hién tai. Ky thuat am hoc thudng xur
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dung loai loa nay dé danh gia tinh am trong phong. Ky thuat 4&m hoc chinh xac hoan toan khi nhin thdy dac
tinh truyén dan caa hé thdng loa 40 phan tir huwdng cao sé kich dong phong tur gian giao hudng trén san
kh&u rét khac nhau (cho tinh &m da t6i wu hoa). Loai loa da hué'ng (omnidirectional) gan giéng nhu dac
tinh phat ra cua &m thanh ty nhién tir san khau.

DBay c6 phai la giai phap khéng? Ban biét cau tra 1o roi. Sé c6 tiéng hu (feedback) va am thanh kho
hiéu. Hé th6ng am thanh trurdc cling khdng thé 1a giai phap. Ca hai phurong phap nay déu cé cung 16 héng
chét ngui: hé thong phét/truyén dén khu vire tiép nhan khdng phu hgp nhau. M6 hinh truy&n am ty nhién
hoat dong t6t nhét khi ngudn phat trurc ti€p két hop vai khu tiép nhan (phong), hinh thanh va diéu kién hoat
dong giéng nhu hé théng truyén dan. Mé hinh truyén am thanh da khuéch dai hoat dong t6t nhat khi ngudn
am thanh hau nhu khéng tach r&i khoi phong va chd am thanh trong phong cung cép su thay déi t6i thiéu
cho viéc truyén. Viéc truyén am thanh da khuéch dai sang &m thanh giao hud'ng "hoan hao" ciing khong
turong x(rng, giéng nhu san khdu nhac giao hud'ng ngoai trdi khéng cé twéng bao. DAy 1a nhirng véat doi
khang khong thich (rng cubi cling.

6.1 Am thanh tuw nhién va am thanh khuéch dai --
Natural Sound vs. Amplified Sound

Am thanh ty nhién hay am thanh da khuéch dai, cai nao t6t hon?

Hau hét moi ngudi déu tra I "am thanh ty nhién", khéng do dy. Quan niém théng thudng la
chiing ta chju dyung "am thanh khéng tu nhién" (hé thdng loa) vi déi khi &m thanh ty nhién khdng kha thi.
Trén that té co trwd'ng hop nguoc lai. Thi trudrng chinh cho &m thanh "ty nhién" déc quyén, gi¢i han &
nhirng dia diém nho curc ky hay nhirng trurdng hop bi cAm am thanh "ty nhién" theo truy@n théng. Am
thanh tu nhién chi co6 thé phat trién khi nhirng ngudn vat chat, nguén am thanh va khong gian 4m thanh
hoa hop hoan hao, thi du: Nhac giao hudng trong phong hoa nhac, opera trong nha hat opera hay I&i néi
trong phong hop. Tan dung bat ky tin hiéu am thanh nao tir méi trud'ng phl hg'p vai kich ¢&, va kha nang
bi t6n thuong cuia nd sé thanh ré rang ngay lap tac.

Néu am thanh tu nhién vurgt trdi, thi tai sao no lai thua 99% thi phan? Néu do la Iua chon dau tién,
thi tai sao lai it chon n6? Chung ta sé khong bi s6¢c néu hai muoi ngudi tu hop lai dé nghe mot bai phat
biéu va khdng c6 loa phong thanh? Sur kién &m nhac cd dién ndi tiéng nhat cta doi t6i la "The Three
Tenors", da trinh dién tai san van dong, qua hé théng am thanh I&n hon Woodstock. Nghe nhirng bai hat
ndi tiéng khdng khuéch dai trong nha hat opera chic chan sé dugc wa thich hon &m thanh. Chon san van
dong cho téng doanh thu, chir khong gop tinh &m cda n6. Khéng co6 gi ca nhan. Chi la kinh doanh. Loa da
t6i ru hda co6 thé danh bai am thanh ty nhién t6i wru 99 Ian trén 100. Néu ban |a ky su Am thanh va khong
tin diéu nay, day la thei diém can nhac lai lra chon nghé nghiép cla ban.

Tin t6t! Ching ta vira nhan dugc hgp dong thiét ké am thanh cho Rogers va Hammerstein’s
Carousel. Dja diém la Nha hat Majestic 1600 chd ngbi, giéng nhu [an ra mat nam 1945, da danh gia cao vi
tinh &m xudt sdc cua nd. N6 1a dan nhac géc trong ciing mét hé. Khéng c6 san khiu ty dong va dén
moving (gay tiéng n). Su hoi sinh dé d6i dau vai tat ca sy hoi sinh. RS rang, chang ta khéng can hé théng
am thanh. Né&u tin vao dm thanh tu nhién Ia t6t nhét, ching ta nén tir bo dur an. Show ban dau, sang tac va
trinh dién bang 4m thanh tu nhién. Lam sao ching ta c6 thé bao gan cai thién diéu nay? Phat sinh nhirng
van dé sau: Dao dién ghét nd, nhirng ngu & biéu dién ghét no, khan gia ghét no, va nhirng ngudi phé binh
ghét no (trir ngudri 90 tudi). Churong trinh két thic trong mot tuén va ching ta sé khdéng bao gidr 1am viéc
trén Broadway mot [an nira. D& thay d6i cai gi? Mong doi. Khan gia khéng con mong 4m thanh ty nhién
nira. Ho mong nghe am thanh than diéu ma khéng can nd luc nghe chit nao. Am thanh cuia "couch
potatoes-nhirng ngudi ngdi coi TV sudt ngay". Hay quen véi nd. N6 khong phai la d& hoi va nd khong chi
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la khan gia. Ngu¢i biéu dién cling muén cd am thanh ky diéu. Ho muén hat va hat v&i dynamic range réng
va van dugc nghe & déang sau. Biéu do can c6 phép thuat manh, nhung dé 1a céng viéc cuia ching ta.

T6i khong gay hén. Ky thuat tinh am, xin vui long dat khdu sing &m clia ban xudng. Céng viéc thiét
ké hé théng am thanh khéng thé tién 1&én néu ching ta dang lam viéc duéi cdu tric &m thanh khéng thé ap
dung, nhung gia b chiing ta khéng c6 trong phong. Phuc tung nhom tap thé, hay nghi dén thé manh cua
am thanh tu nhién, khéng co6 gi lam ching ta thang tién ca. Hiéu nang clia hé th6ng 4m thanh |a yéu t6
quyét dinh theo trai nghiém cua khan gia, mién la 4m thanh trong phong khéng xoay né I&én. C6 nhiéu kha
nang thanh céng hon khi chiing ta thé hién yéu cau vé &m thanh clia minh theo théat t€, nghia la dua trén
viéc truyén 4m thanh da khuéch dai.

6.1.1 B&i chi€u nhirng mé hinh phat tan, truyén va nhén --
Contrasting emission, transmission and reception models

Truyén am thanh ty nhién doi hoi phai hai hoa gitra ba phan: phat ra nguén am thanh, truyén dan
trén san kh&u va truyén dan trong phong. Am thanh tryc tiép tor nhirng ngudi biéu didn trén san khau di
kém v&i nhirng phan déi trén san khdu (s¢m) va phan doi ctia nha (sé'm va tré). Phan déi sém két hop tin
hiéu lai v&i nhau va mang lai hiéu qua truyén tai, duy tri va hé tro am diéu, trong khi phan doi tré lai thém
két cdu va duy tri nhiéu hon. Ngudi biéu dién can truyén dat phan doi sém dé dat dugc do Ion thich hop
va muirc dé dong nhét trén khdng gian, va khan gia sé chia sé khéng gian am thanh vai sy tach biét t6i
thiéu. Xay ra ti€p nhan bén trong b phéat: phong. Phong c6 4m thanh lién tuc vurgt xa thanh phan hay day
dan nao dé. Phong xac dinh &m thanh va &m thanh xac dinh phong.

Ung dung am thanh da khuéch dai ciling doi héi hai hoa gitra ba phan, nhung co giai diéu rét khac.
N&am bat tirng ngudn don déc bang micro gan do, truéc khi rdi khdi san khdu. Tirng tin hiéu riéng truyén
dén console mix, noi quan ly viéc trén dm thanh va am diéu. Nguon da mix sé guri dén nhiéu khu vure khac
nhau va tach ra dé tao ra &m thanh phu hgp hay sé tuy chinh cho méi vi tri. C6 nhigu phién ban phan phéi
cuc bd chir khdng phai nguén &m thanh dong nhét trong nha. Chia ving trén san kh&u cho phu hop véi
nhu cau riéng clia mdi ngurdi biu dién, trong khi & trong nha, nd dap (rng dug'c nhu cau chung cua khan
gia khi nghe & nhirng vi tri duy nhat.

Cé lap ngudn trén san khdu cho phép ching ta ndm bat moi cai va truyén tai n6 di bat cir dau.
Chuing ta c6 thé guri nhirng tin hiéu chura tirng c6 dén ving chua thich (rng dé cung cép két qua twong
rng cho ngudi nghe. Nhé lai, véi &m thanh tu nhién, dat kinh nghiém ddng nhat bing cach thiéu tach biét.
Am thanh da khuéch dai dat dug'c chuyén nay bang nhiéu tach biét. Am thanh khuéch dai tim am thanh
lién tuc trén khong gian cho mot hiéu suét nhét dinh nhung déc tinh &m thanh nay tai ra lac 11:00. San thi
d&du c6 show rock vao thir Ba va béng ré vao thir Tu. Am thanh (va hé théng am thanh) khac nhau hoan
toan. Am thanh c6 thé thay d6i ca ngay I&n dém khi ban nhac va ngéi sao biéu dién khéi dong. Hé théng
am thanh t6i nay théi vao twdrng sau rdi gitr n6 trén san nha. khan gia sé nhan tharc bat cir céi gi trong
chuyén nay la thay déi "am thanh" mac du khéng déi phong. Am thanh khéng xac dinh phong va phong
khéng xac dinh am thanh.

6.1.2 Quan diém: phan déi am thanh truc ti€p, sé'm va tré --
Perspectives: direct sound, early and late reflections

Hay so sanh va d6i chiéu. Am thanh truc tiép dén dau tién (Hinh 6.1). Violon trong dan nhac ndm
bén trai nha va violas va cellos ndm bén phai. Chung ta dinh vi né tir trai sang phai, nhung chang ta khéng
coi violon la channel trai. Canh bén trong phong cua n6 khdng yén tinh & nét nhac con lai. T4t ca day dan
truy&n 4m thanh truc ti€p dén toan bd can phong. Nguoc lai, hé théng loa phén chia viéc phan phéi &m
thanh tryrc ti€p vao ving bao quat. Loa hé chinh bén trai 1a bd truyén am thanh tryrc ti€p cho nira nha. Néu
né nghi ngoi thi chiing ta sé gap van dé I6n. Két luan: khac nhau, nhung khéng xung dét. Am thanh tu

FR
Sound & Lighting



banh gia

nhién truc tiép: M&i nguon la tat ca moi cai cho tat ca moi ngudi. Am thanh khuéch dai: Loa la ngudi phat
ngdn cho tat ca ngudn cho vai ngudi.

Tiép theo la phan doi sém (Hinh 6.2). Truyén dan tu nhién can c6 phan déi sém tr nhirng phan
déi ban dau nhung digu nay tao ra do chai. Lam sao di theo n6? Nhiéu phan déi tir nhiéu nguon & nhiéu
dia diém. Moi ngudn khai dau tir tap hop phan doi sém huéng t&i mdi ghé. Méi ghé doc nhat sé nhan
duoc dap irng loc lwgc (comb filter) déc nhéat tir moi ngudn doc nhéat. Téi da dung tir "doc nhat-unique” ba
lan trong céu trén vi mirc d6 ngau nhién cép ba la thanh phan chinh cho tinh dong nhat cta am thanh ty
nhién béng cach phan biét. Tai chd ngdi cua téi, tiéng violin giam tan s6 250Hz xuéng, va ché khac giam
tan s6 225Hz xuéng. Tai chd ngdi ctia ban co thé giam & 245Hz va 220Hz. Ngudi nghe khéng nghe thdy
ddu hiéu chai lap lai cho hai nhac cu bat ky nao. Méi ghé déu nghe mix c6 am diéu hoi khac vai méi ngudn.

Natural and amplified sound transmission paths: Direct sound

Natural sound transmission
Emission source Reception (Listener)

Adal Loss Distance Loss At Loss

_ﬂ 2x=-6dB

Acoustic transmission path

Transit Delay

Emission source sound trar ission Reception (Mic)
Adal Loss Distance Loss At Loss T
j 2x =6 dB j Transit Delay Acoustic transmission path
Axal Loss GainLoss Signa T Elec
Processor Transit Delxy w
Microphone Mixer
Reception (Listener)
Axial Loss Distance Loss Alr Loss T
. Acoustic transmission path
N\ 2x=-6dB . Transit Dol PO B

Hinh 6.1 So d6 khéi vé truyén dan am thanh truc tiép "ty nhién" va "da khuéch dai". Pudng dan am thanh

tu nhién c6 thé bj loc bai nguodn kiém soat truc va hao hut HF trong khong khi. Am thanh khuyéch dai ¢é hai

dudng dan am ¢ tinh nang tuong tu. Hinh gitra hién thi dwdng dan cua tin hiéu dién tor, co thé bu cho hiéu
(rng truyén am.

Hé thong loa cua ching ta sé nhom violin lai véi nhau va truyén né di tir cling vj tri (vi tri cla loa).
Phan doi sé'm cua loa sé dat ddu hiéu loc luwgc trén t4t ca nhirng cai loa truyén di, chdc chan la am thanh
"khéng ty nhién". Hay tugng twong ra dan nhac, noi mdi nhac cdng nam trong tuérng bao giéng hét nhau.
Tirng nhac cu c6 kiu chai gidng hét nhau la dac diém néi bat cho toan dan nhac. Tudng phan déi nho
ndm gan loa s& "bao boc" moi nhac cu trong hé théng am thanh. Hé théng loa ciing nhan truyén dan tir
tuérng (chd yéu la 6 cdm dién AC gén trén nd). Nhirng phan déi sém manh ciing lam t&ng gain cho loa
nhung thuéng & gia cao. Khi it xir dung, chang han nhu subwoofer trén san, lgi ich rat dang gia. Déi véi
mids va highs, cdm chi phi cho chai. K&t luan: Khac nhau va rat mau thuan. Am thanh ty nhién can phan
d6i sém manh va loa can khéng c6 no.

Cugi cung ciing dén nhirng phan doi tré. Moi ngudri déu yéu thich khéng gian va bao quanh dudi
ti€ng reverb t6t. M6 hinh ty nhién muén nhigu hon, nhung mé hinh khuéch dai van can thém nira. Cau tra
I&i phire tap nhu chinh cai dudi reverb, doi hoi phai coé nhiéu s6 don gian hon nhu RT60. D6 phan ra 1.3
gidy trong nha hat rat khac so véi cung RT60 trong san thi ddu c6 nhirng phan doi manh ndm céach xa
nhau. Tai sao chung ta thay thiét bj reverb trong rack may & Front of House (FOH) cla sén thi ddu? Khong
phai vi phong qua khd, nhurng vi sur phan ra khéng co6 két ciu va do phure tap cua khong gian 4m thanh ua
thich. K&t luan: Mau thuan gilra khac biét va gia ting. Am thanh ty nhién can cé6 phan doi tré hon véi &m
khuéch dai cho phong cling kich c& nhét dinh.
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6.1.3 Su’ khac biét dwd'ng truyén -- Transmission path differences

Co6 nhirng con dudrng phan déi sém bat ngd di vao hé théng 4m thanh, ngay ca trong phong chét:
qua viéc m& micro va tir loa ctia chinh ching ta. M&i micro mé ra hai dwdng dan: mét 18i vao lai tir loa
(nha hay monitor san kh&u) va mot 16i vao vao nhirng micro khac. Tt ca nguyén nhan gay ra lugc loc déu
¢6 hinh dang 4m diéu cta phan doi s¢m. Con dudng tai nhap loa t&i micro nay cling c6 nguy co tiém an
hoi tiép (feedback). Mot khi thém chai vao mét channel nhét dinh, rat kho thoat ra va dong ddu vao dap
(rng da glri dén hé thdng m thanh. Mbi loa cling m¢ ra hai con dudng: cung di vao micro san khdu va vao
nha (khi loa khac mang cung tin hiéu). Nhan thirc ra méi duwdrng di giéng nhur phan doi, co 18 1a phan doi
sém (Hinh 6.3).

Natural sound transmission path: Direct and reflected sound
Reception (Listener)
}.: Summason
Emission source
Axial Loss . Distance Loss Alr Loss T Reflected sound
2x = -6 dB Ny Transit Delay transmission path
dB tevel dB tevel Level dB Lovel T Deby Differen a L
A Offset A Offset set A Oftset A Offset and re ted d
Absorplion Axal Loss Distance Loss Ar Loss T Reflected sound
2x =6 dB TN i D transmission path
18t reflection : : :
v v v v v
ADSOCption Axial Loss Distance Loss Ar Loss > Additional reflection
2x =6 d8 NG Trans# Delay transmission paths
Additional reflections

Hinh 6.2 So d6 khéi vé dudng truy&n am tur nhién, bao gém phan doi trong phong. Khan gia nghe dugc
cdng am cua dudng dan tryrc tiép va phan doi. Phan déi co tinh nang loc khdng khi theo truc va HF, ciing nhu
hao hut theo khoang cach va thoi gian truyén. Sy khac biét gitra nhirng duérng dan da hién thj 12 nhan t6
quyét dinh cho kinh nghiém cua ngudi nghe.

M6t yéu t6 4n nhan rong dang hoat dong: Méi Ian tai nhap hay cong &m cling vao microphone la
phan déi nhing trong tin hiéu nguén (am thanh tryc ti€p) cua hé thdng truyén tai. Khi &m thanh cla loa
cham vao tudng, ching ta sé nghe phan déi ciia ngudn da co phan déi dong goi sén. Hé& s6 nhan nay lam
cho ching ta ch y dén viéc c6 1ap nhirng micro va giam thiéu phan déi manh & béat clir dau.

Mcrc dd ma hé théng &m thanh da hudng quyén phat tan déc quyén dén khan gia phu thuéc vao
murc do ro ri tir sAn khdu dén nha. Trong thi diém nay, ching ta sé xem xét nhirng mirc do trén san khau
khong dang ké trong phong.

Téng két nhirng quan hé chinh gitra san khau va khan gia

B Ngudn/phong (phan déi ngudn trén san khdu véi bé mat phong/san khau).
B Nguon/loa (ro ri tir s&n khdu vao nha).

B Loa/micro (ro ri tir loa vao micro).

B Micro/micro (t6ng s ro ri ciia microphone m& & console).

B Loa/loa (chdng chéo do bao quat cua loa).

B Loa/phong (phan ddi phong).
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Amplified sound trar ission path: Direct, reflected and secondary sources
Emission Stage g
source mic Direct sound transmission path Reception (Listener)
House reflections
ADSOIpRIon Axial Loss Distance Loss ANr Loss T Reflected sound
j T 2x = .6 dB T ——— Transit Detay transmission path
Leve dB Love dB Lovel dB tevel T Do Differen
Ada ou-.l:: A Offset A Oftset A Offset A mm: and
Main speaker “, \l, ‘L ¢ ‘L
Axial Loss Distance Loss Ar Loss T Primary speaker
o 2x = -6 aB o Transit Delay transmission path
dB Lovel L T De
2P e | |28B s | (AR R O x| |
Other speaker(s) ¢ \& * ¢
Axial Loss Distance Loss A Loss T Secondary speaker
Sy 2x =6 4B et Yransit Dolay transmission path

Hinh 6.3 So d0 khdi vé truyén &m da khuéch dai bao gdm nhirng phan doi trong phong va ngudn loa thir hai.
Khan gia nghe téng dap (rng trén dudng cua loa chinh, phan déi ctia né, dudng dan cua loa thir hai va phan
déi ctia n6 (khong hién thi). B4 trinh bay trong tac phong/loa & hinh 6.2. Budng dan loa thir hai bj anh
hudng bai viée loc truc, mire tuong déi va thei gian bu. Yéu t6 quyét dinh cho kinh nghiém cuia ngudi nghe 1a
su khac biét gira 4m thanh tru-c ti€p clia loa chinh, phan déi ctia n6 va clia nhirng loa thir hai.

Kinh nghiém nghe cla ching ta la téng clia nhirng cong 4m nay. N6 tap trung v&i nhau dé tao ra
hiéu qua nhan thire, nhurng ky thuat kiém soat no thi khac nhau. Trién vong thanh céng tang 1én néu ching
ta biét co ché nao chiu trach nhiém cho thanh phan am thanh la cu thé.

Truyén dan am thanh tu nhién chi c6 mét dwdng cdng dm duy nhét: phan déi trong phong. Hé
théng &m thanh khuéch dai c6 thém nam dudng nira. Do d6, mé hinh 4m thanh khuéch dai phai giam vai
tro cua phong theo ty 1& vé&i nhirng dudng cdng &m bé sung dé ngurdi nghe ¢o6 thé cam nhan trai nghiém
tuong duong.

Hay theo mét dudrng truyén dan tir nha dén nha, tréng snare trén san khiu, qua hé théng am
thanh tu nhién va khuéch dai (Hinh 6.4 va 6.5). Tréng bi dap va xung luc sé di tryrc tiép t¢i ngudi nghe va
gian ti€p (bi phan déi) khoi tuorng. Hay tly y dua ra thi du nay vé dap (rng tinh am: thi gian reverb (RT) la
1 gidy (-60dB) v&i 100 dudng phan déi tda déu trong subt khoang thai gian dé. Tiép theo, chling ta cach ly
tiéng tréng va truyén dan cta no6 vao trong nha. Chung ta dat micro cho snare va gtri né dén loa da huéng
truyén rbi am thanh tryrc ti€p va 100 dudng phan doi.

Cho dén nay, chang ta thich (rng hoan toan. Hay thém dé phan déi trén san san khau. Trong mo
hinh ty nhién, day chi la mét trong 100 con dudng. Trong md hinh khuéch dai n6 gép boi [an. Phan doi di
vao micro va in ddu trén tin hiéu da gtri t&i loa. Néu phan déi trén san ha xudng 6dB, chling ta nghT ¢6 thé
thém 90 phan ddi trong thoi gian 1 gidy (sé giam phan ra 54dB xudng -60dB). Ching ta co6 t¢i 190 phan doi
am thanh (100 tryrc tiép + 90 tiéng ndy Ién san). Tréng ciing di vao micro san khdu khac. Néu dudng di nay
giam xuéng 12dB, chling ta sé thu duwgrc thém 80 phan ddi trong nha (phan ra 48dB 4m thanh con lai,
mang lai 80% dudrng phan doi). Tai thdi diém nay, véi 270 dudrng di, ching ta da ting gan géap ba mat do
cam giac cé reverb ma khong can thém voi vira. Néu chlng ta loai bo ¢6 18p Am thanh, ching ta thém céc
dudng dan tu nhién ban dau va con dudng nhan rdng khac: tiéng loa ro ri vao micro.

Hy vong day la phép nhan twong déi nhd. Monitor san khau ti€p theo va cé thé la nhan t6 16n nhat
cla ching ta va ngudn sac thai. Hay kiém tra hang tén kho tai micro: Am thanh trurc tiép tur nhién, phan doi
san ty nhién va ro ri tir nha va loa monitor. Sy ro ri tir nguén trén san kh&u vao micro khac (va san nay
cua no) s& thém vao console mix. B4t dau chong mat chura? Chung ta hay giri cai nay dén loa cua nha.
Chung ta c6 thé tao ra gép 5 lwgng phan doi ma khdng can bét ky né luc nao ca. Gid day, nhirng micro da
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m¢&, phan doi san khdu, monitor san khdu va ching ta c6 kha nang bi chét duéi trong hang ngan tiéng vang.
Sy kich thich cua loa chinh trong phong chi tao ra phan nho trong s nay. Con gi dé lam khong? Hay thém
vai tiéng reverb dién tir!

The natural sound transmission path: Summation interaction

Stage Room
reflections*® reflections®

Listening
position

. ) /) / ’ - | 1]/ )v"" \'-._ —y”
Source/Stage Z *Only a single reflection
+ path is shown for clarity.

Source/Roon z

Hinh 6.4 So db khdi vé truy&n am tur nhién bao gdm t4t ca loai duédng cong am. Am thanh truc tiép
tor ngudn phat tan sé téng ho'p vé&i phan doi trén san kh&u va nha. Khéng coé dudng dan nao khac cho ngudn
duy nhét, mac du né cé thé di kém v&i ngudn nhan ban tin hiéu cua no6 khac, thi du: Nhiéu violon hay thanh
vién cla dan hop xudéng.

The amplified d tr ission path: S ion interaction
Stage Stage Stage mic House speakers Reom Listening
source reflections” reception reflections® position

/:Nm\‘.uam; Main speaker //\
\ Source z Mic ) Spkr

zme—l) —=—==

. Spkr (Mcm:V_‘ e ‘ Spkr -
Summation at - :
Source 1o stage mic Summation at Summation at listening
be ampified Console Other speakers position
/ \

Source leakage into other mics
\ Source leakage into house ‘

Natural source

*Stage and room

reflections are present in Acoustic X: Stage mic Electronic X; Console Acoustic X: Listener Acoustic X: Listener
all acoustic transmission Source/Room 2 3 3
paths. A s'mgle path is Source/Spkr (Main) £ + MicMic = X SpkriRoom 2 + Source/Spkr 2
shown for clarity. S .
¥ SourcelSpkr (Monitor) £ SpkriSpkr 2 Source/Room X

Hinh 6.5 So d6 khdi vé truyén am da khuéch dai, bao gom tét ca loai dwdng cong dm. Ngudn phat
tan di vao micro san kh&u va tién hanh qua loa chinh dén khan gia. Budng dan céng am tir loa chinh va
monitor quay tr¢ lai micro. Phan déi trén san khiu tao ra nhiéu dudng trung lap vao micro. Micro dang mé
khac guri ban sao vao console mix. T4t ca codng &m déu hién dién trong dang séng vao hé thdng 4m thanh cla
nha. M&i phan doi clia tin hiéu hé théng loa trong phong sé nhan véi dudng 18p lai va cong am cé trong tin
hiéu console. B6 sung cudi cuing la ngudn lic dau va phan ddi tu nhién cua no.

L& trong dudrng truyén thay d6i toan bo quan diém vé tinh 4m trong phong. M&i Ian tré lai va sao
chép vao micro dong vai trd la boi s cia mé hinh phan déi trong phong. Phan déi chi tich lily béng cach
b6 sung vao am thanh tu nhién. N6 tich luy béng cach thém va nhan véi am thanh khuéch dai.
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Khéng thé g& bo ro ri trd lai hay tring 1ap khi n6 da cong 4m vao dudrng truyén cuia ching ta.
Dang séng di dén preamp micro c6 thé chi c6 am diéu mo ho so vai tin hiéu nguén dm thanh lic dau do cé
do chai. Thiét hai ndm trong tin hiéu ngudn cla ching ta. Dat tén theo phim kinh di 1a "ké giét ngudi dang
trong nha", nhung van dé 1a chang ta khéng thé 18y ra ngoai ma knéng mang han theo cung. Nhirng 16i nay
da dua vao tin hiéu cua loa va phan b déu cho tat ca ghé ngoi.

T6i da co kinh nghiém riéng vé viéc t6i wu hda hé thdng pro-sound quy mé I&n cho siéu sao opera
Luciano Pavarotti. Moi ngu&i c6 thé nght, thach thirc I&'n nhat 1a tinh chadt &m thanh khing khiép cua san
thé thao. Thach thirc I6n hon nhiéu [a monitor s&n kh&u ro ri vao micro cua ca si. Khi mdc do loa monitor
tdng quéa cao chlng ta da lai dé channel vocal da & trong tinh trang nguy kich truréc khi né réri khoi san
khau.

Bay gi¢r, nhirng quan hé mat thiét can rd rang. Phai thuc hién moi nd luc dé giam rd ri vao micro
san kh&u. Chuang ta xtr dung micro dinh huéng, vi tri gan, noise gates, thiét bj tiéu &m va hap thu, monitor
trong tai va dinh huéng loa hé chinh. Mac du vay, van co thé co ro ri dang ké. Tin hiéu truyén da dugc tao
digu kién tién quyét bang khuén mau phan déi phirc tap, sé& bi nhan Ién vi twdrng. Két luan: Am thanh
khuéch dai can phan ddi tir phong it hon dé tao ra nhan thirc reverb trong phong.

Chung ta hay di qua mé hinh suy nght khac dé so sanh va dai chiéu. Thu &m tirng nhac cu riéng
(hoan hao) trong phong khéng phan déi. Nhirng track nhac khé khan mix Ian v&i nhau trong sy can bang
hoan hao va phat lai qua loa da huéng & gitra san khau. T4t ca phan déi déu tich Ity bang cach b6 sung
thém vi khéng c¢6 16i vao trd lai. San kh&u thém phan déi lic dau ctia n6 va nha cling thém phan cta nob.
Bay gio mbi nhac cu déu thém vao cung s6 phan déi, nhu ching ta sé lam v&i dan nhac live trén san khiu.
Diéu khac biét 1a mbi nhac cu d&u cé cung chudi phan déi giéng nhau vi né déu bat ngudn tur cung vi tri
chinh xac. Hay thir lai, nhung dat moét loa riéng trén méi ghé va chi choi lai mét nhac cu trong mdi ghé.
Chung ta lai cé cung lwgng phan doi, nhung bay gior tat ca déu c6 nguodn tir nhirng vi tri doc dao, tao ra
d&u 8n va do phan ra déc dao. Do la khéng khuéch dai nhu ty nhién. D6 la 6ng loc nhidu ngudn xudéng mot
dudng 6ng lam ra thé gigi xung dot.

6.2 Ky su* am hoc va ky su” am thanh --
Acousticians and Audio Engineers

Ky su &m hoc va k§ su &m thanh la ban cling phong. Chlng ta khéng phai ban than nhung can
lam theo nhau. Ching ta da c6 nhirng budi ca nhac pop tai hdi truo'ng nhac giao huéng va nhac opera
trong san thi ddu. Cong ching nghe rdi nhan thirc ra viéc két hop hiéu rng va nhirng nd lyrc ca chang ta.
Xay dung quan hé vé chirc nang trén sy tén trong va hiéu biét 1an nhau. Nguyén tic lién két v&i nhau la
phai quen vai vai trd clia nhau dé tim ra cach sang tao va thuc hién nhirng giai phap co lgi cho nhau.

Am hoc kién trac 1a ngh& rét dugc ton trong. Ky thuat hé théng am thanh, ciing khéng nhigu hon
th&. Co thé lam rd bat ky nghi ngd vé diéu nay tai bira tiéc cocktail roi luan phién gi¢i thiéu ban than ban la
"acoustician" va la "sound person”.

Toén trong vi thu nhap xirng dang, khéng phai quy dinh tu do. Ky thuat tinh &m (&m hoc) da & trong
phong trrde ching ta 400 nam. Bude dat duwoc sy ton trong dau tién 1a 1am rd nhu cau cua ching ta bang
nhirng diéu dé hiéu t&i ho. Tach vai trd clia ching ta ra, nhung muyc tiéu ctia ching ta van la dong nhét.
Phuong tién dé dat dwgc nd doéi khi déi curc, két qua co cau néi dang ké dé vurot qua. Ky thuat tinh am co
ngon ngir danh gia kinh nghiém am thanh kha c6. V& mat lich str, nhiéu ngu&i trong ching ta da tri hoan
ngén ngir ctia &m thanh c8 dién va c6 gang hét strc dé phu hop gitra hanh tinh &m thanh nam trong vi try
am thanh. Thuéat nglr dua ra nhirng chi thj rd rang cho ho thud'ng khién ching ta ngay ra. Ky thuat tinh am
biét theri gian reverb cho vo opera l1a 1.4 gidy t6t hon 1.7 gidy. Chang ta thdy réc r6i, va nhigu rac réi hon.
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Trong cé hai trwrérng hop, ching ta thiét k€ phong tha dé gitr cho Am thanh truec tiép khong ddi ra khoi
twong.

Ky sur am thanh t6i da hda ki8m soat truyén dan am thanh trurc ti8p, biét né co6 do kiém soéat t6i
thiéu khi cham vao tuwéng. Ky thuat tinh &m t6i da hoa kiém soat turdng, biét nd co thé kiém soat 4m thanh
trure ti€p toi thi€u. Chung ta chia sé quyén bao quan am thanh tryrc ti€p tu nhién chung tir nhirng nguén
trén san kh&au. Néu khong, con dudrng kha ré rang. Ching ta dén trude (theo thir ty thai gian). Ching ta
thurc hién xong cong viéc vao lac ky thuat tinh &m diém danh.

Chung ta c6 tiéng dia phuong rai rac khap thé gi¢i am thanh. Phai dich nhu cau clia ching ta sang
ngon ngir khac, trong khudn kho ky thuat tinh &m da thiét 1ap. Phan nay danh cho viéc tim kiém bi quyét
dich: Rosetta Stone cho hé théng dm thanh va &m thanh kién tric.

6.2.1 So sanh muc tiéu cta chiing ta -- Comparing our goals

Panh gia sat canh nhét bat dau vai viéc tap hop muc tiéu phu hop cu thé. Ching ta sé xir dung
Leo Beranek’s Music, Acoustics & Architecture lam diém tham chiéu. Cuén sach nam 1962 c6 nguén géc
tlr bo tiéu chi danh gia vé hiéu suét clia phong hoa nhac. Beranek di tham nhiéu hoi trurorng va do hiéu
sut 4m thanh, phong van ngudi l1anh dao va phé binh. B4 bién soan dir liéu théng ké ciia nam muoi bén
phong hoa nhac va da tao ra khung phén loai hoat ddng. Mac du khéng c6 tiéu chi dac biét nao cho dai
sanh 1&n, vai khuynh huéng chi dao cé lién quan dén thanh cong.

Xem xét mudi tam loai nhan thirc chu quan. Vai loai loai dugc cho s6 diém nadng ky trong khi tim
thdy nhirng loai khac quéa phu thudc 1an nhau dén nbi bi gan nhirng gia trj r&i rac. So sanh két qua chu
quan vé&i bién phap khach quan nhu thé tich phong, thdi gian reverb, v.v. Nghién ciru twong quan dir liéu
chu quan va khach quan, va két qua la danh gia toan dién théng sé vat ly ctia mbi sanh vao kinh nghiém
clia ngudi nghe. Tir diém dd, am thanh kién trdc tién 1én phia trurde trén nén tang dir liéu khoa hoc.

Mudi tam loai van co lién quan dén trai nghiém nghe nhac hién tai cta ching ta, cho du dudng
truyén c6 bao goém loa hay khéng. Néu chiing ta dat dugc hiéu qua chd quan tuong tu véi ngudi nghe bj
mu, ching ta da tao ra trai nghiém am thanh tuvong duong. Pay la van dé cét 16i. Nhirng phuong tién vat
chat cho ky sir &m hoc va &m thanh dé dat duwgc két qua phiu hop rét khac nhau. Chang ta sé tim ra
huéng dan dich thuat dang tim khi co thé lién hé nhiéu phuong tién khac nhau, dé dat dugc muc tiéu
chung.

Hay b&t dau bang cach déap (rng nhirng théng s6 chu quan cua Beranek (Beranek, 1962, trang 61-
71). Toi da dién giai nhirng théng s6 va téng quat hda no vurgt qua trai nghiém biéu dién giao hudng dé
doc lap vai thé loai nhac, dia diém hay phuong phap truyén am thanh.

1. Mat thiét (Intimacy): cam giac gan gi v&i Am nhac.

2. 86ng dong (Liveness): tran day giai diéu trong mids va highs.

3. Am ap (Warmth): day du giai diéu & low.

4. B0 I&n dm thanh tryec tiép (Direct sound loudness): Ty 1& dd I6n phu hop v&i ndi dung am nhac.

5. Do I6n am thanh vang (Reverberant sound loudness): Tiéng vang c6 pha trén gitra mirc do va
thi gian phiu hop dé cung cdp do 16'n bd sung thich hop cho tin hiéu truc tiép.

6. Pinh ro, rd rang (Definition, clarity): &m thanh ré rang va khac biét.
7. B0 sang (Brilliance): &m thanh ryc r&, rd rang, giau giai diéu.

8. Khuéch tan (Diffusion): Kinh nghiém khong gian vé am thanh dén tir moi hudng.
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9. Can bang (Balance): Nhac cu va giong néi ndm trong mirc nhan thire thich hgp. Can bang dé&
ung ho vai nhac cu hon céi khac.

10. Pha trén (Blend): coi nhu pha tron nhac cu hai hoa.

11. Ban nhac (Ensemble): Nghé sy c6 thé nghe chinh ho ra sao. La ban nhac t6t khi nhac céng cé
thé nghe chinh minh t6t.

12. Kha nang dap trng nhanh (Immediacy of response): Nhac sT cam thay dap (rng 4m thanh ra
sao. Muc dich cho nhac si cam nhan dugc &m thanh va co thé thich nghi that nhanh, du dé thay
d6i cua ho sé& khéng lam gian doan ho.

13. Két cdu (Texture): Cam giac nghe min. Am thanh c6 két c4u tinh t& sé phong phl va phurc tap.

14. Khdng cé tiéng vong (Freedom from echo): Hiéu qua mudn c6 la ching ta khong nghe tiéng
vong rai rac.

15. Khong c6 tap am (Freedom from noise): it tap &m nhat.
16. Giai dong luc (Dynamic range): khoang gitra murc t6i da va tap am.
17. Chat lwgng 4m diéu (Tonal quality): Peak va dip trong dap (rng tan sé khéng bién dang.

18. Tinh déng nhét (Uniformity): Chang ta c6 thé tao ra trai nghiém mirc dé twong ty cho tat ca
khan gia trong hdi trudng.

Chung ta da chia sé tap hgp muc tiéu dé ghi nhé. Tién 1én, chlng ta sé so sanh va doi chiéu
nhirng phuong phap nay dé dat dwgrc n6. Quan trong nhat, ching ta sé diéu tra khu vyrc xung dét,
phuong phap trong khi tim muc tiéu chung.

6.2.2 Dac tinh phong -- Characterizing the room

Reverb |a két qua tur két hop gitra am lrgng (volume) va hdp thu. Thém volume lam reverb tang
Ién. Thém hap thu sé& giam né. Vat liéu hap thy, hau hét ap dung cho tudng, san va tran nha. Hay nghi
phong nhu volume, nhurng hép thu la dién tich bé mat. Reverb giam theo ty 1& phan tram dién tich bé mat
hép thu tang Ién. Sy phan ra dap trng tré sé xac dinh diém dirng cudi theo thdi gian reverb (RT), khong bi
anh hudng manh bai chinh nhirng bé mét cu thé da bj bao phl. Tuy nhién, phan doi s¢m anh hudng bai
viéc bd tri vat hdp thu rét nhiéu. Nhirng dién vién san kh&au sé c6 4m thanh séng dong trén san khau soi
déng, ngay ca khi twdng phia sau nha hép thy toan bd. San khau chét va tudng phia sau séng déng sé co
gain th&p va tiém &n vai tiéng echo vé nguoc lai. Ty 18 bao quéat phan déi/hdp thu déi véi viéc kiém soéat
phan doi tré rat quan trong, trong khi vi tri kiém soat phan doi s¢m cuia né ciing rat quan trong.

Tham chi, phan déi bé mat/hap thu bé mat cho hiéu suét clia hé théng loa con quan trong hon.
Nhirng bé& mat phan doi twong déi nhé cé thé gay hau qua nghiém trong cho hé thdng &m thanh, néu dat
sai. Day la noi tiém &n mau thuan gitra ké hoach tang &m phan doéi ban dau cua ky thuat tinh am
(acoustician) va nhu cau cua hé théng am thanh vé kha nang xuét hién mién dich phan doi sém trén bé
mat. Chlng ta sé quay lai van dé quan trong nay sau.

Phép do tinh am co ban la thai gian reverb (reverb time) (RT60), thoi gian can dé dé phan ra
xuéng 60dB tir khi ngdt &m thanh (phan 1.6.4). Ngudn da hudng sé kich dong phong tr nhiéu vi tri khac
nhau va nhan dugc gia tri RT trung binh. Ky sir &m thanh thud'ng ngac nhién khi viéc bo tri loa it co hiéu
qua, vé mat théng k&, nhung mé hinh pro-sound khéng thé tudng tuong nédi, khi di chuyén, l&c hay
nghiéng loa lro'ng nho lai tao ra thay déi dang ké. Tai sao? Hay xem xét, RT |a 1.0 gidy bao gébm hang
chuc hay nhiéu dudng phan doi, bao gébm ca nhiéu chuyén di vong, du lam cho nhirng diém dau va cudi
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khong lién quan dén théng ké. Gia tri RT cung cdp mé ta déc tinh phan ra trong phong doc 1ap, khong phu

thuéc vao nguén. Huwéng ngudn chi thay déi con s6 mét chat. Phép do RT khong thé cho biét hé théng loa

clia chuing ta da chia vao khan gia hay tran nha, vi thir tu phan déi khéng quan trong. Birng mong phép do
tinh &m trong phong gitp loa nhdm muc tiéu hay thiét 1ap b xtr ly cua ban.

S6 ligu dé danh gia phan déi sém khac bao gom thai gian phan rd sém (EDT-Early Decay Time),
khe hé thoi gian ban dau va con nhiéu nira. Vi tri nguoén it khoan dung cho nhirng phép do nay. Chdng ta
danh gia phan doi sém dén bét ky vi tri nao trong phong nhurng khéng nhat thiét phai dén tir bat ky vj tri
nao (ai ma quan tdm dén nhirng phan doi sém bat ngudn tir bén duéi balcon). Co s& théng ké giam sé
loai bé dir liéu phan doi sém: clra s6 thdi gian nho hon, it dudrng dan hon. Ky thuét tinh &m ty nhién thich
san kh&u lam vij tri nguén chinh cho dir liéu phan déi sém. Biéu nay cé gia trj t6i thiéu cho thiét ké am
thanh cua chiing ta vi vi tri gitra san kh&u it c6 kha néng cho hé thdng loa. Ching ta quan tdm phan doi
sém 1a dinh vi méi loa trén co s& rat ca nhan, mot-mot. Chiang ta quan tdm dén nhirng phan déi sém dudi
balcon. Dac biét la nhirng loai thoat khoi tran, doi vao ché treo loa dudi balcon.

Nhan thirc dap rng 4m thanh cta hé théng am thanh khi tin hiéu phan déi giam 10dB (cong 4m
vling ¢ 1ap) it bi anh hudng nhat. Vi vay, k§ su &m thanh han ché (rng dung cho phén ra 50dB cubi cung,
hién thi trong sor d6 RT. Hanh dong am diéu & goc trai trén cung clia so d6 RT, sd'm dang ldc, va gan véi
mdrc d6. Phan phan ra con lai sé ¢6 anh hudng khéng dang ké khi cai dat EQ, level va delay hay tinh chinh
vi tri cua loa. Lyra chon diéu tri cho dudi phan ra (-10dB dén -60dB) la giai phap vé tinh am (chu yéu hép
thu va khuéch tan), ITnh vurc cua ky thuat tinh am.

C6 thoi gian/tan s6 xodn: Quan hé gitra thdi gian bu va nhan thirc 4m thanh phu thudc tan sé (thai
gian dai hon & tan sé thdp hon). Nhan thirc &m diéu manh nhét & bang thong 1/6 octave hay nho hon
(bang thong t&i han- critical bandwidth) va rd rang ngoai giai 1/24 octave. Diéu nay lam ra clra s6 thdi gian
khoang 5ms cho giai tan s6 10kHz, kéo dai tuong rng va&i tan s roi xudng khoang 640ms & curc thap (low
end). EQ lién quan dén nhirng r6i loan trong ctra s6 4m diéu. Cira s8 thai gian HF nho dén ndi bao gom rét
it phan déi sdm dau tién. Budong thir hai va phan doi tré ndm ngoai hinh anh &m thanh hoan toan. Khi tan
s6 roi xuéng, sé mo rong clra s thdi gian va bao gdm nhiéu phan doi. Méc du véan con phan I6n phan doi
ndm ngoai clra s6, sé& bao gdm trong nhirng quyét dinh t8i wu hoa.

Chung ta da tim ra khu vyre chinh, chd ky sur &m thanh va tinh am phai lam viéc cung nhau: phan
déi manh (0dB dén -10dB). Thiéu s6 nho nay xir dung rét nhiéu nang lwgng tiém nang. Rét co thé xay ra
phan déi manh |& phan doi sé'm va it phan déi tré hon nhung khéng nhat thiét phai chac chén. Phan doi tré
manh gay ré&c réi cho k§ s &m thanh ciing nhu ky su tinh &m. Bay gi¢r ching ta sé phai thira nhan phan
doi s¢m sé& manh va tré sé yéu di.

6.2.3 Quan hé giira loa va phong -- Speaker/room relations

Danh gia quan hé gitra loa/phong riéng ra, vi n dinh loa cho tirng phan trong phong, khong phai
toan bd. Mé hinh &m thanh ty nhién gia dinh ngudn san kh&u & khap noi, trc 1a n6 di dén moi ghé trong
nha. Loa chia trach nhiém bao quat vao tirng phan viing, cé6 &m cuc bd (s¢m) va toan thé (tré). Tao ra hinh
dang phan chia bng vi tri, mé hinh bao quat va mirc do tuwong ddi ctia hé théng loa phu. M&i phan ving
c6 diéu kién cuc bd doc nhét va tap hgp nhirng phan déi sém cua riéng n6. Nhirng phan déi tré truyén tu
do, qua nhirng phan vung va van 1a mét I&p chia sé trén toan bd khéng gian. S& ap dung quy tac tuong tu
néu phan tan nghé sT violin vao nha dé choi nhirng phan giéng hét nhau trong nhiéu khu vyrc khan gia
khac nhau.

Loa front-fill ndm & gitra rém bén trén san khau la thi du. Loa nay twong déi gan v&i ngudn san
khdu tu nhién (ndm trén san kh&u, mé hinh rong, hu¢ng 4m thanh dén tét ca ngudi nghe). Tuy nhién, trén
that t€, Am thanh t6ng thé clia phong it lién quan dén loa nay hon bét ky loa nao khac. Truyén dan cta nd
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sé di khong qua b6n hang ghé trwére khi ban giao quyén giam sat cho loa hé chinh chiém wu thé. Day la
phan vung &m thanh. Hé loa chinh khéng ngan loa frontfill di dén tudrng phia sau va kich thich mé hinh
phan déi full range. Bon gian, hé chinh chi can nhan chim no thoi.

Pat d6 déng nhat khaéng gian béng cach két hop nhirng dap trng trong khu vyre bi phan ving, va
giam thiéu réi loan trong nhirng khu vurc chuyén tiép. Reverb tré co tinh dong nhat khong gian cao do mat
do thdng ké cua né khéng phu thudc vao viéc nham huéng loa cho chinh xac. Khu vure nghe 1&éch tam cam
thdy s6i déng hon vi am thanh trurc ti€p giam xuéng (mlrc do reverb la nhat quan). Biéu nay trai ngugc vai
mo hinh am thanh ty nhién.

Phuong tién dé dat muc tiéu ddng nhét thurdrng di nghich. Vung ghép néi, chuyén déi, cong am
va chai trong mé hinh ty nhién dat t&i mirc d6 va dé dong nhat &m phé theo khoang cach. Gitr mdrc do tur
trudc ra sau kha t6t, tham chi con bang cach tron nhiéu vung cdng &m khac nhau. Phia truéc am thanh
trure tidp thi phan déi sém manh nhét, nhung & mat d6 thap. O phia sau, phan ddi sém sé yéu hon, mirc
dé dong déu hon va mat dd cao hon. Mat do phan doi gia tdng va thdi gian bi mé réng tao ra combing
(chai) vurot ra ngoai do chinh xac tan sé cua tai, dan dén doé dong nhat am phd va dudi tiéng reverb phan
ra dan dan trén khong gian.

M6 hinh hé théng loa tao ra dd ddng nhat trén khoang cach khac nhau, bang cach xtr dung ving
ghép ndi (cha yéu la LF) va c6 lap (phan Ion 1a HF) t6ng. Huwéng ngudn cho phép phan ving vao ving co
l&ap, c6 thé bu cho sy khac biét pham vi theo cai dat mirc d6 chon lgc. Ciling thurc hién dong nhat Am phé
b&ng cong am vung co lap va giam thiéu chai. Ciing xtr dung cdng &m & vung c6 1ap dé tao ra sy phan ra
tirng budre cua cai dudi reverb dong déu trén khéng gian. M6 hinh hé thong loa xr dung céng am vung
ghép nai rét it. N6 chi hiru ich trong giai tan s6 (chu yéu la LF) va vj tri (phan vung), noi c6 thé xir dung n6
véi chai t6i thiéu. Phai rap ndi nhirng phan viing am thanh ding nhu crossovers khdng gian sap x8p theo
phase, do d6 sé giam thiéu d6 xao tron chuyén tiép.

So sanh tirng phuong phap dé dat dugc théng sé murdi tdm loai nhan thire, thé hién trong hinh
6.6. CO sur khac biét vé thoa thuan hay khdng xung dét trong chin loai. Nhirng tinh chat pho bién bao gom
echo, distortion, noise va mong wéc warmth, brilliance, diffusion két c&u va dudi reverb déu t6t. Phat sinh
xung dét trong chin loai, c6 vai chi dé trd lai: phan déi sém, cb Iap ngudn manh va, trong murc do, thoi
gian reverb nho hon.

Thi du vé d6i chiéu gitra sanh xay dung cho &m thanh giao hudng va da khuyéch dai twong rng,
hién thj trong hinh 6.7.

6.3 Giai phap nam giira -- The Middle Ground
Giai phap gitra & dau? Coé giai phap tuong hd nao khdéng? Da giai quyét nhirng thé loai mau thuan
dau tién "ensemble on stage-dan nhac trén san khau" tir lau: vo ban nhac cho dan nhac, monitor di déng

cho bd ba dung dién. Diéu d6 that dé. Nhirng thé loai sau yéu cau giai phap sang tao: sy than mat, sy
khac biét am diéu va tinh ddng nhéat. Mbi cai déu c6 cling ngudn xung dét: nhirng phan déi sém manh.

Giai phap hop Iy nhét la gdp nhau & gitra, "héi trrd'ng da nang" cua thap nién 1960 va 1970. Luu y,
tat ca nhirng diéu nay déu da dinh huéng lai hay bd di. Cho dan nhac mét nira reverb nd can va sé co sy
tlr chdi sém manh. Nhirng phong nay ciing khong lam viéc cho ching ta. N6 khéng ¢é qua nhiéu thdi gian
reverb tGng thé cling nhu vi tri clia nhirng bé mat phan doi tao ra nhirng vdn dé Ién. Ching ta phai thuyét
phuc chuyén gia xay dung phong riéng cho méi ngudi.
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Kinh gtri Thi Truéng,

Cong déan cua Bikini Bottom muén c6 mot phong hoa nhac méi véi &m thanh hoan hao cho dan nhac. N6 sé
c6 gia xay dung hang tén va sé mét nhiéu tién hon bét cr khi nao dan nhac choi (gia vé chinh xac sé qua dét). Nhirng
khoan déng gop ctia cong ty va ca nhan sé chdm séc hang tram dé la, do dé, khéng co6 van dé & dé. Dan nhac sén
sang méc trang phuc c6 logo (nhu loa ctia NASCAR). Vi am thanh s& hoan hao nén ching ta c6 thé t6 chirc nhigu budi
ca nhac rock (that sy mang lai lgi nhuén I&n) va ngai cé thé dién thuyét (digu nay lam ngai tré thanh ngudi tién tril).
Nhan tién, gia nay ré hon gia san football ngai da lam cho chang ta phai chi tién.
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Hinh 6.6 So sanh m6 hinh &m thanh ty nhién va khuéch dai, dya trén tiéu chi cia Beranek dé danh gia cha

guan vé am thanh cua phong ca nhac
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Uniformity comparison: Symphony hall vs. theater designed for amplified sound
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Hinh 6.7 So sanh dap (rng tan s6 cla hé thdng loa trong sanh giao hudng nhiéu reverb (trai) va
dia diém cb6 tinh &m phl hg'p cho &m thanh khuéch dai hon (phai)

Thu nay vé ly nhurng kinh té thi c6 that. Cong ty nhac giao huwdng va opera dang thua cudc tiép tuc.
Co co hoi t6t vé dong tién mat tich cure khi co nhac rock hay dién vién hai da dat trude. Nhirng ngurdi bao
tro nhac c6 dién co thé coi thud'ng nhirng nhac s nhac pop choi trén khong gian thiéng liéng clia ho,
nhung ho nén danh gia cao viéc tro gitp cho nhac giao huéng. Am thanh khuéch dai c6 thé kiém tién. Do
Ia ly do tai sao chiing ta sé & trong moi phong da xay dung tur gio tré di.

6.3.1 Thay ddi tinh 4m vét ly -- Variable physical acoustics

Khéng can phai thuc hién giai phap nam gitra thua/thua (lose/lose). Tinh &m bién ddi 1a giai phap
thang/thdng (win/win). Thiét k& hdi trurd'ng c6 nhiéu tinh ndng stra d6i tinh &m dé chira tai liéu chuwong
trinh. Day la cach tiép can tiéu chudn xay dung nha hat giao huwdng hién dai cling nhu trang bi phong hién
co lai. Thiét ké phong phai cho phép cédu hinh nhirng thudc tinh Am thanh that nhanh, thich hg'p cho dan
organ pipe, nhac thinh phong, giao hud'ng, opera va cudi cung la irng dung pro-sound. C6 thé thao man
nhung béng rong roc, tdm tudng xoay tr gb cirng (phan doi) sang hang mém (hdp thu), va budng doi am
c6 thé mé hay dong dugce. DAy co thé la thiét ké Am thanh t6i wu, mét trong nhirng cai cé thé phlu hgp v&i
nhu cau cua quan ly dé chi cho héi trrd'ng va ciing phu ho'p v&i nhu cau nghé thuat clia tat ca ngudi tham
gia.

Can phai c6 pham vi l&n dé lam vang déi néi dung chuong trinh ¢ dién va da khuéch dai. Mirc do
uu tién thudrng trao cho nhac giao huéng, ngay ca khi chia sé s lwong dét vé it. Viéc b6 sung sy hép thu
bién thién trén can can can cho hiéu suét khuéch dai t6i wru, cé tac dong kinh té 1&n v&i ca chi phi xay
dung 1an van hanh. Két qua, hau hét nha hat nhu vay van con séng dong hon hé théng am thanh t6i uu
nhiéu.

6.3.2 Lai: két ho'p tu nhién va khuéch dai -
Hybrids: combining natural and amplified

Khoang gilra that sy 1a két ho'p gitra truy&n 4m thanh ty nhién va am thanh khuéch dai, trudng
hop théat sur cua "pro-sound". Day la tinh huéng dé bi tén thuwong. Phai kiBm soat marc do san khéu cén
than dé hé thdng loa that sy dong vai trdo b6 sung. Néu c6 nhac cu vurgt qua nhac cu khac, mixer sé co
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nghia vu nang phan con lai trong hé thng am thanh dé bét kip. C6 thé lam sang t6 moi th&r nhanh chéng
tor d6. Hé théng am thanh can c6 vi tri thuan lgi va sap x8p thai gian dé& cung cdp hinh anh am thanh hop
Iy cho nhirng nhac cu da tang cuorng. V@ ban chét, hé théng am thanh can phai két hop v&i dm thanh tur
nhién giéng nhu crossover sap xép phase: gdp nhau dang ldc va & mac do trong nha. Lién minh sé bi v&
néu ca hai hé théng déu vurgt xa ca hai thé loai.

Cach tiép can lai khac, thuwdgrng xir dung trong nha hat &m nhac. Hé thdng c6 dinh huéng rét cao,
xtr dung riéng cho giong hat dé t6i da hda do dé hiéu. Hé théng am thanh stereo riéng biét c6 loa bao quét
rong mix v&i &m nhac, thuérng trén véi &m thanh trure tiép tir hd dan nhac. Thém reverb trong phong vao
am nhac va mang lai cdm giac khéng gian nang cao.

6.3.3 Thay ddi dién tinh &m -- Variable electro-acoustics

Tru6e day, ching ta da thao luan cach moé hinh hoa phan doi nhu la "loa a0". Ciing c6 thé xay ra
ngugc lai: Loa c6 thé mé hinh hoa la "bé mat ao" va tao ra &m thanh khéng gian vang déi.

Hé théng tang cudong reverb khac vai reverb ctia FOH, chi cho thém reverb vao loa mang &m
thanh tryc ti€p. Reverb trong nha cho thém cai dudi that t&€ nhung c6 thé dinh vi la & loa (khéng phai bé
mat). Ca sT dang tdm nhurng ching ta cam thdy khd hoan toan. Reverb cua FOH khéng cung cép kinh
nghiém vé sy bao phi khdng gian cua ITnh viurc &m thanh dang suy giam dén tir moi huéng. Nguoc lai, hé
thGng sé tang cuorng do reverb lam tang thdi gian reverb Ién that té trong phong, qua array micro va loa
phtrc tap, tao ra sy phan ra da huwéng, phan tan theo khong gian nhiéu chiéu. Microphone trén san khau
va trong nha nhan dugc tin hiéu Am thanh nay. C6 thé nghe trurc tiép cai nay tir nguon trén san khau nhu
ca si, truyén tai cling ca sT qua hé thong &m thanh hay thdm chi Ia ca si chinh trong khan gia. Micro khong
phan biét. Tin hiéu nay sé trd lai phong qua loa "ngudn reverb" phan bé trong khéng gian dé tra lai tin hiéu
cho micro va lap lai quy trinh. Day 1a phép nhan phan déi theo nghia den. Van con nhiéu phép nhan, |a tuy
chon c6 sén trong nhiéu dang xtr Iy tin hiéu chuyén nganh, ting mat dé phan doi tiép tuc. Quy trinh nay sé
guri két hop déc dao caa nhiéu micro t&i nhiéu loa khac nhau, tiép tuc nhirng tiro'ng tac ngéau nhién cua loa
trong khong gian. Biéu nay ngan khéng cho cong dm 6n dinh, thay vao dé tao ra hiéu irng khong gian két
cdu, chlng ta sé thay trong cai dudi reverb phirc tap cua diém ca nhac day voi vira. Viéc truyén tin hiéu
nay bang nhirng loa phan bé khéng gian, tao ra &m thanh phan déi ctia twdng & nhirng vi tri tuérng that co
thé hép thu (hay khong). Phuong phap ti€p can nay co gidi han vé 6n dinh va dang tin cay, gia str ching
ta khong phat hién reverb cua hé théng. Cong &m quay trd lai (tr loa vao micro) c6 thé bj mét 6n dinh,
trong truro'ng hop xau nhat la feedback tir tung. Moi ngu¢i thudrng chi y dén nhirng birc twdng bi hum,
buzz hay howl. Chiing ta phai ngan viéc nay dinh vij v&i tirng loa riéng, vi n6 sé x6a su hién dién clia hé
théng tang cudng. Phai chac chan viéc nay bang kiém soat khoang cach va vi tri can than, va hé tro truc
quan bang cach dat loa chim tuéng.

Vén deé tin cay lién két v&i khai niém dinh chi sy hoai nghi. Sur kién 4m thanh khong thé tao nghi
ngd hiéu irng dic biét nhur hé thdng 4m thanh an. Mt cla ching ta do kich ¢& phong va uéc lugng quy
mé chét lrgng Am thanh cho khong gian. Tang cudng reverb qua mirc day nhirng pham chat am thanh
hop ly cta khéng gian vurgt ra ngoai, khién ngudi nghe phai nghi ngér ¢é Iira dao. Hé thdng tang cudng
reverb quay vong tdt ca ngudn &m thanh trong phong, bao gém ca a&m thanh cua khan gia. V6 tay trong
nha hat nho va nghe tiéng reverb clia nha thd Notre Dame c6 thé 1am ra cau héi: Ban tin tai ban, hay doéi
mét néi ddi clia ban?

Hé théng tang cudong reverb di chuyén nha hat da nang ra khoi phan hu cdu. Co thé xay dung hoi
trro'ng v&i giam reverb vat ly va dé cho hé théng d4m thanh dién mé rong né khi can. Cai dat co thé lap
trinh, 1ap lai va stra d8i bang nhdp chuét. Co thé thyrc hién két hop t6i tru clia tinh Am va hé théng tang
cudng trén co s& mbi ngay, hay tham chi tirng tin hiéu. Van phai kim soat ca hai: &m thanh vat Iy 1an am
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thanh ting cuorng that chuyén nghiép. B4t dau béng tinh am t6t rdt quan trong, vi hé théng tang cudng chi
thém nhiéu I&p trén dau am thanh vat Iy ban dau. Thay déi phurong phap ti€p can t6i uu dé hop tac gitra
ky thuat tinh am va thé gi¢i cua micro, loa va cong nghé digital. R6 rang, réng day la twong lai cia tinh am
kién truc.

C6 thé cai dat hé théng trong phong "chét" twong d6i va van co6 nhirng hiéu (rng khdng gian cta
khong gian "séng". Hién dién tang cudrng reverb lam giam vai trd ciia phong trong viéc cung cdp do khuéch
tan va khong gian cho hé théng am thanh. Linh vurc khdng gian khuéch tan cla hé théng tang cudng tiéng
reverb c6 thé b6 sung cho dap (rng ITnh vure tryre tiép cta hé théng loa. Hinh dung ban vé gian khung cla
nha hat. Mién la chiang ta c6 thé treo loa du reverb trén toan bé gian khung, ching ta da co6 "tinh &m hoan
hao". Gia ma cé cach nao khéi bi mua.

Gia ca cong nghé tang cudng reverb phai chang da xac dinh lai dudng bién gitra &m thanh kién
trc va ky thuat 4m thanh. Sy tang cudng vé khdng gian va dac tinh phan ra phong ph la am thanh da tim
rong rai nhat cho (rng dung &m thanh da khuéch dai. Bay gid, nhirng dac diém nay co6 thé duéi kich c&
yéu cau cho am thanh phong va "cé dinh trong mix". Ky thuat tinh &m tap trung vao nhirng giai phap kién
trac tu nhién da dan ho dén nhirng giai phap nam trong pham vi chuyén mén va kiém soat cta ho; Ky su
am thanh cling vay. Héi trudng xay dung doc quyén cho am thanh ty nhién thuong 1am giam tly chon cla
ky su am thanh vé kiém soat thiét hai va hoat dong ché do khan cép (va trong lwrgng tai cua man cira). Hoi
trurd'ng c6 tinh &m giéng cai g6i, cho phép chuing ta mix nhu dang & ngoai troi vao mét ngay khong gio, véi
tat ca Am thanh dén va&i ching ta, chir khéng phai di vong quanh. Tang cudng reverb 1a di vé huwéng sai
[am, thién vé hdp thu qua murc, khong vé phan doi qua murc. Pay la dip chuyén cong viéc vé phia ky thuat
am thanh rat dang ké, do d6, khéng mong né duoc chao dén bang canh tay mé. Ca hai bén van con rat
nhiéu trd choi, tuy nhién, viéc tao ra dac tinh reverb hop ly van doi hoi sy chuyén mén cda nhirng ngudi
biét viéc do6 cd nghia la gi: Ky thuat tinh &m. Cong nghé nay ma ra rat nhiéu kha néng, va tinh am thanh
cong clia nd sé dua trén sur hop tac gitra hai bén, am thanh va kién trac. Tang cuérng reverb ma ra con
dudrng thir hai cho thiét k€ am thanh t6i wu, dap (rng cho thiét ké 4m thanh t6i uu.

6.4 Tién t¢i -- Moving Forward

Chuing ta dang & trong phong v&i nhau, vi vay sé qua tot néu ching ta co thé dy doan ra nhu cau
va quan diém cda nhau dé tim giai phap t6t nhat. Sau do, tat ca chung ta co6 thé chia sé danh ti€éng thay vi
day trach nhiém di long vong. Ching ta biét dang can cai gi, nhung khéng thé mong ky thuéat tinh am
(acoustician) doan ra y nght cua ching ta. Hay lam rd n6 bdng cach tao ra quy cach co ban cho nhirng
dac tinh am thanh ki€n triic ma chiing ta mudn c6 trong héi trudng.

L&i khuyén cho thiét ké tinh am hi trwo'ng cé hé théng am thanh

1. Cung cép ché danh cho array hé chinh trai/phai cho bét ky dia diém t6 chirc ca nhac/séan
kh&u/biéu dién nao. Néu c6 san khdu nén nghi mac dinh phai co hé trai/phai. Hay quén cudn sach
nam 1962 vé cum trung tam tuyét véri di. Ngay ca khi cum trung tdm théat t€ hon 100 lan, cling
khong k§ su ndao mudn mix vao noé va ho sé cé thdi gian tuyét vori néu khéng xir dung né. N6 chi
t6t cho bang diém san van dong.

2. Gidi han xép vong va dudng cong trén balcon. Ghé ngoi xép vong, hudng vao tiéu diém & gitra
(thi du nhur sén khau). Diéu nay rat t6t cho thj giac béi vi show bao gid cling & gilra. Loa cla
chang ta dan sang hai bén, truré'c ghé vong quanh. Balcon cong sé s6i ni & bén ngoai ria vi ghé
ngdi rdt gan hé chinh. Vong bao cong cé thé che chd ngdi & san bén dudi nd. Nhirng chd ngdi van
thay hinh anh trén san khau nhung bj loa xa & bén ria che di. Trong vai truong hgp, cé ghé ngoi
nghe thay tiéng loa tir phia déi dién I6n hon loa ctia chinh ho.
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3. Nhirng vong bao quanh da c&p cho thay c6 mirc do thach thirc khac, vi nhirng ghé ngoi gan trai
rong theo chiéu doc mé réng, cé rat nhidéu churdng ngai vat va tiém nang phan déi sém manh.

4. Gilr khu vurc bao quanh don gian. Giam thiéu nhirng muc tiéu di chuyén, di chuyén theo chiéu
doc, nhirng hinh dang so le khéng mong muén, yéu cau ching ta phai chia hé théng chinh, dem
qua rét nhiéu hé théng phu.

5. Khong nén co 16 ghé bén hong. Kho cham 16 bén trong néu khong cé hé fill hay phan déi. Nhirng
16 nao nho ra ciing cd van dé tuong tur, nd chan nhirng chd ngdi khac va lam phai co delay.

6. Chi can néi khoéng gidu loa hé chinh. Moi ngu¢i déu biét loa ton tai. Ngurdi tai tro khong quan
tam dén viéc phai thdy nd, nhung hay quan tdm l&ng nghe ho. Chi ¢6 kién tric su 1am nguoc lai.
La chuyén gia tinh &m, ban biét viéc gidu loa dugi bao lon khéng c6 lgi ich am thanh va xac suét
bi suy thoai 1a 100%. Ban nén la ngudi dan dau chién dich "Tra ty do cho loa!".

7. Cung c8p cho ching ta vj tri loa hé chinh hgp Iy va chac chan moi ngudi déu nhin thay nd. Méi
chd ngdi khong thé thdy hé chinh sé tang chi phi vi ching ta phai bd sung thém loa, channel, 8ng
dan cable, v.v dé ai d6 ban chd ngdi do. Vi tri t6t cho phép ching ta bao phu phan Ién trong nha
béng hé chinh va giir két ni hinh anh am thanh hgp Iy cho show. N&u thyrc hién nhac pop, vi tri
loa phai la trai/phai. Chéng déi la vo ich.

8. Gilr hinh dang vi mé don gian. Hé théng chinh c¢é hinh dang gi¢i han. Hinh chir nhat, hinh
thang va hinh quat ndm ngang. Buéng chéo ndm doc.

9. Hay nghi nhu cai loa. Ching ta khéng thé bt dau va dirng sirng lai, bao quét hai chd ngdi, bo
di hai ché va bat dau lai.

10. Khéng cé chién ham. Birng dé nhirng c4u tric ndi phan déi manh & gitra khu vure chd ngoi.
Chung ta phai bao quat moi chd ngdi, va loa cua ching ta khéng di nhanh nhen dé tranh nhirng
tén that phu cua nhirng phan déi nay.

11. Dirng lam maét tién balcon day, s6ng déng, nd sé tap trung 4m thanh quay tré lai sdn khau hay
xuéng ghé ngdi. Néu né phai s6ng dong, lam cho n6 phat tdn 4m hay di 1én cao.

12. Khéng dat bé mat Ién trén ghé ngodi cao nhét, tap trung phan déi xuéng duéi. Nhirng birc
tuwdng chét, phan doi hay phan tan, phan doi xuéng tét hon.

13. Dirng lam phong nd& réng roi thu hep lai. Chung ta phai bao phu khu vure réng gan va khong thé
lam cho viing bao quat phia sau co lai. Diéu nay ding cho ca hai mat phang. Dién tich bé mat song
am mé rong theo khoang cach. Phong n& rdng sé theo kip chiing ta. Phong thu hep khéng thé
tranh khoi va dap.

14. H&p thu cang nhiéu low-end cang t6t. Chlng ta sé cho ban biét néu tirng gdp mét can phong
qué hep cho ra low-end ra sao.

15. Nhirng bé mat t6i t& nhat tao ra nhigéu phan doi (theo thir tur): goc bén trong gan loa, twdng
phia sau, tudng phia trong.

16. Giét birc tudrng phia sau (dac biét chd dudi thédp, gan chd ngdi). Ching ta khéng thé thiét 1ap
pham vi trén loa, yéu cau n6 dirng lai sau hang ghé cudi cing. Can bao phu tudong Ién séng dong
ngay phia sau, dan dén hai két qua x4u: ghé phia sau phat hién hay hét tiéng echo ra khoi tuéng
phia sau vao nha (hay ca hai).
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Nhirng t&m hinh sau c6 gia tri 1000 tor va chiém rét it ché. Day l1a vai hdi trudng néi tiéng, co thé
minh hoa cho nhirng thach thirc ma chung ta phai d6i mat véi hé théng am thanh (Hinh 6.8).

Noi thém, loa 12 mat sé kéo dai viéc kiém tra viéc nghe va bay gi¢r thém vao man nhung bat cir khi
nao xir dung hé théng loa. Ti wu hda hé thdng 4m thanh dong thai t6i uru hoa tinh am.

Hinh 6.8 (A) Phong tron I&'n cé khdng gian dugi va trén balcon qua réng. Thir thach dau tién (1) 1a mai vom
phan déi cao. Bon gian, chi can khéng c6 4m thanh di 1én mai vom va doéi xuéng mdi ghé ngdi bén dudi. (2)
Nhirng khu vure duGi va trén balcon c6 chigdu siu I&n va khoang hé thép, vurot ra ngoai phan mai vom cta
phong. Nhirng khéng gian nay cé &m thanh tach khoéi phan vom trung tdm ctia phong, khdng thé thay hé
théng loa chinh, do do dodi hoi nhigu loa delay dat vong tron. (3) Mét tién balcon cao, mét phdng phan déi mat
tién hinh quat clia n6 sé quay tré lai san khéu. (4) Balcon vong quanh rat xa va bj xao trén, céng thém thach
thirc bao trum tét ca khu vire ché ngdi trong khi phai tranh phan déi & balcon

Hinh 6.8 (B), (C) (B) Phong phirc tap, c6 nhigu viing phan déi trén 1an véi ving bao quat muc tiéu. Loa co
thé tao ra hinh dang gi&i han. N6 khong thé dirng lai va bat dau d6i hudng rat nhanh. Bao trum & day (C6),
roi bo qua phan nay (Khéng!) Va sau do lai bao trum tiép tuc. (C) Phién ban balcon hinh quat déc cuc ky. (1)
Khoang hé dudi balcon dé cong cuc dai, dé déc xuéng nhigu nén can cé do delay Ién (sdu bon bac). (2)
Chan tam nhin t&i vi tri L/R trén rét nhigéu chd ngdi & 1F va 2F. (3) Phia trudre balcon tap trung phan déi lai
vao nhirng hang ghé dau va séan khéu
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Hinh 6.8 (D) Tudng xay dung bén trong toa nha vom chu yéu cho buc dién thuyét. (1) T4t ca déu
tudrng phan doi va bat lai nhigéu phan doi manh dén chd ngéi tir moi hudng. (2) Khu vure chd ngbi hep lai &
phia sau phong, khéng thé thuc hién ky céng cho viéc truyén am thanh, chéc chén sé tran 1én twdng. (3)
Budc hé théng am thanh phai &n trong bung vom chi lam cho moi viéc ti t&é haon. Nhurng con nhigéu hon nira:
(4) N6 ndm déng sau buc dién thuyét.

Hinh 6.8 (E) Mét it ch ngdi nhé co thé co tac dong 16'n Ién hé thdng &m thanh. Ching ta phai bao
phu MOI chd ngbi, vi vay nhirng ti8u dao la vdn dé nghiém trong. (1) "L6 ghé cua téng thdng" nhé ra tir canh
balcon (2) chdn ghé ngbi phia du¢i va phia sau. Can bao phu ndm chd ngbi trong 16, cling nhur chd ngdi nao
bi che. (8) Khu vure sau chd ngdi bén héng ciing c6 nhu cau bao phi. Chang ta phai nhdm hé loa chinh vao
d6 (co rui ro phan déi) hay thém nhigu loa fill. (4) C6 vach bén phan doi phdng bén trén nhirng chd ngdi nay,
c6 nghia chlng ta can bao quét d&c biét badng mé hinh doc that chat, nghia la ching ta khéng thé cham n6
béng cuing loa bao trén balcon. Hai muai hai chd ngdi nay chiém < 2% t6ng s6 ché ngdi
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Hinh 6.8 (F) Nhirng tdm phan déi dat & nhirng vi tri gay rac réi cho hé théng chinh L/R. Cum trung tam s&
¢6 co hdi t6t hon nhurng (xin luru v didu nay) khéng ai mudn c6 cum trung tam. (1) Nhirng tdm phan doi xuéng
trong goc héc Ién, ndm rét gan vi tri loa chinh L/R. Diéu nay khong co gi tét (v&i hé théng am thanh). (2)
Nhirng tdm phan ddi xuéng goc hep hon dang trén ngay bén ngoai balcon rong. Ching ta khéng thé bao cho
vai chd ngdi ma khéng gap rac réi gi v&i nhidu chd ngbdi khac. (3) Vong ban nguyeét léch cé do nghiéng nho,
chan duéng nhin t¢i ché ngdi hinh F2 va (4) ciing chan ché ngdi hinh F1.

Hinh 6.8 (G), (H) (G) Phong nay cé nhigu bé mét phan déi I6'n & nhirng vij tri rét kho tranh. (1) L6 ghé bén
canh balcon, bj léch xuéng duéi lam muc tiéu di chuyén. (2) Nhirng bé mat phan doi phang, Ién nidm trén
nhirng 16 gh& léch. S& ché ngdi nhé x&p chdng 1én nhau trong nhirng tdm phan doi khéng 16. (3) Phia trén
balcon, mat trudre 16 ghé, phan dbi ngay vao mat cia ngudi nghe, 1am ho c6 ving chai riéng. Vong cung lon
cuc ky dat nhirng 16 duwdi ndm bén phai hé chinh trai/phai, phai théi qua n6 dé dén phia sau tang dau tién. (4)
Phan trung tam cua balcon day cuc ky, phan déi xuéng khu vure dudi san. (5) Nhirng tdm phan doi khéng 16
khéac ciing lam giam am thanh tir tran nha (H) Birng bao gi két hon v&i dan nhac giao hudng. Ho sé chay
trén dén phong mé&i hon va dé lai cho ban viéc phan doi sust doi. O day, chiing ta hang ton kho ¢ dién trong
phong chira 100 sy kién &m thanh da khuéch dai. Td&m hinh nay gan tam nhin cua loa chinh bén phai trong
phong. Chung ta cé thé choi trd choi co/khdng bao phi & day nhu da 1am trong héi trwrdng thi du B. (1) Co
nhirng 16 gh& I&n nhu chién ham c6 vai ché ngdi dugc bao phi bang nhirng tdm phan déi & moi phia. (2) C6
nhirng 16 n&m léch phia du6i, c6 mét trwrdc phan déi ndm trén truc t¢i hé chinh L/R. (3) Twdng phia sau rat
cao va séng dong, ndm phia sau chd ngdi hinh F2. (4) Mrc d6 & chiéu rong ndm ngang bén trén bj giam
xuéng bai turérng phan déi phang ma ching ta phai cham dé t6i nhirng ghé khac c6 mirc do do
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Hinh 6.8 (J), (K) (J) Hoi truérng phirc tap chi co sn &m thanh & vij tri trung tdm. Ghé& ndm 360 dé chung
quanh phong va chiéu cao ctia ghé la muc tiéu di chuyén cudi ciing (cling nhu nhirng khu vurc phan déi cao).
(1) Hai balcon chia thanh nhigu phan nho & nhiéu dé cao khac nhau. L6 ghé bén cta hinh F2 ¢6 do cao
turong tu nhu ghé ngoéi phia sau ghé hinh F1 (va giéng & gilra hinh F3 va hinh F2). (2) Tim thdy nhiéu nguy
hiém phan doi I6n & trén va dudi mbi khu vire chd ngdi phan 16. (3) L6 bén canh c6 hai hang sau (muc tiéu
doc nhé) co tudng phéng & trén va dudi, phan déi lai trén san kh&u. Khéng ap dung nhirng giai phap don
gian va I sai s6 thdp (K) Digu nay twong tu nhu héi trerdng (J) & trén nhurng chi co6 moét balcon va bé sung
xo0&n: Bén trai clia phong khac véi bén phai. (1) Khu vire ngdi 1a muc tiéu chuyén dong chao dao. (2) C6 phan
doi goc xudng ngay phia trén ché ngbi. (3) Khéng thé dé tranh dugc nhirng mét truérc cua balcon bij léch.
Thudng: Vi thdm my, yéu cau bt loa cao va nhigu chd ngdi trén san thiéu tam nhin t&i hé chinh

- Bl
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Hinh 6.8 (L), (M) (L) (1) Tam bao quéat don gian, lién tuc trong hinh dang quat thoai thoai, dang Iy
tudng cho line array L/R hién dai. Giai phap nhdm muc tiéu doc duy nhét hoat dong cho ca phong. (2) Tudng
phan déi gan vi tri loa chinh L/R s& hudng loi tir viéc xar ly &m thanh. (3) Vi tri s&n cé cho loa delay khdng du
sau vao phong dé co ich. May thay, khéng can dén n6 (M) San van dong nhoé cé sép xép chd ngdi ddng nhat.
Hinh dang cho phép dé tim ra giai phap don gian (1) cho mét array khéng ghép lan réng doc theo san catwalk.
(2) M&c du phong c6 tran hinh vom, hinh dang muc tiéu va vj tri cta loa giip dé truyén am thanh tryc tiép trén
toan bé khu vurc ché ngdi
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Hinh 6.8 (N), (P) (N) Héi tru¢rng c6 ba 16 ghé trén méi ba tang san. (1) Tuorng hai bén déu da xur ly tinh am
(tinh &m c6 vat chat thay déi). (2) Ty 1& khoang hé dudi balcon cho ching ta c6 tam nhin t6t, nhu cau delay t6i
thiu va tac déng t6i thiéu vé cach nhdm huéng cho hé chinh ra sao. (3) Balcon phia truéc rat moéng, do dé
c6 it phan doi, diéu nay ciing lam muc tiéu diu di (P) Day 1a mét phién ban ba balcon cua ché ngdi 16i rong. (1)
M6t Ian nira, ty 1& khoang hé dugi balcon thuan lgi cho do delay t6i thiéu. (2) Mét trwére clia balcon In hon
mot chat nhung lai bo tron dé phan tan nhirng phan déi. (3) Ché ngdi bén canh vong cung luén thé hién sy
thach thirc nhung van duy tri dugc hinh chiéu cho méi balcon (muc tiéu kha dé cho loa)

Hinh 6.8 (Q) Chung ta réat vui khi biét, kj s &m thanh clia ching ta an toan trong ham chira cua ho. Ho sé
khong thé nghe bét ky khiéu nai nao cuia khan gia (vi ho khdng thé nghe bét cir céi gi & chd do). (1) Cabin
nay khong c6 tam nhin vao hé théng chinh va chi dugc bao phu tir nhirng loa delay duéi balcon nhé. (2) Ai
do6 da dugc tra tién lam thiét ké nay (chac chén khéng phai la ki su &m thanh). R& rang 1a ho khong biét ti gi
v& thiét ké hé théng am thanh (vi digu dau tién 1a KHONG BAO GIO dat cabin &m thanh trong ham ngam)
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Chwong 6

Hinh 6.8 (R), (S) (R) Héi trurong xay dung cho &m thanh khuéch dai, mbi cai déu cé balcon. (1) Khoang hé
duéi balcon cho phép dudng dan am thanh dén hé chinh L/R khéng bj can tré. (2) Mat truére balcon kha day,
nhung khuéch tan (khéng tap trung phan déi) va cé do vong t6i thiu. Tuwdng hai bén hdp thu HF do hinh
dang khéng phtrc tap. (4) Array cho phép & trong hém réng va treo du thép dé lai vao hudng trén va duéi
balcon. (S) Thiét ké tinh &m cho héi trwrd'ng bao gbm hé thdng tinh am thay déi (kién truc dién- tinh &m) ngay
tr dau, cung v&i hé prosound quy mé Ién. RT cla phong, chinh né rdt ngdn nhung c6 thé mé réng né rét
nhigu ma khéng c6 sic thai &m diéu cta hé thdng &m thanh. (1) Khoang hé duéi balcon khéng ¢6 nhu cau
delay va c6 duérng ngdm dén hé chinh 100%. (2) mét trudc ctia balcon méng va c6 géc canh nham muc dich
dua phan déi hudng lén vé hai. (3) Tuwdng hai bén va phia sau duoc hdp thu day da. (4) Nhin thdy hé théng
am thanh rét r6 va dat & chiéu cao thuan lgi. Khdng co tudng phan doi cirng gan vi tri L/R nén hé thdng 4m
thanh c6 sac thai am diéu t6i thiéu. Loai phong ma téi thich nhat (tai thdi diém viét).
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