Chwong 7

Chuong 7

Du doan -- Prediction

B4t dau du doan béng tam nhin vé nhirng muc tiéu thiét k& va (hy vong) két thic bang thiét ké t6i
uu hoa thanh céng. Diéu nay luén dung, cho du thure hién ra n6 cé tror gilp béng ban vé CAD va phan
mém phure tap, bdng khan an, thuéc do goc hay qua cau pha 1& va ngu i doc bai Tarot hay khéng. Dy
doan cho phép chiing ta diéu tra nhiéu tinh huéng khac nhau ma khéng can trang bj. Chlng ta chon mé
hinh loa, vi tri, géc tap trung va tham chi ca cai dat bo xur ly. Da cai dat thiét ké dy doan xong va bat dau t6i
uwu hoa.

Phép do hién trudng cé thé chirng minh hay bac bé dy doan. Sy tin nhiém cla ching ta véi tu
cach la ngu&i thiét ké xoay quanh vao viéc liéu sdp x&p hé théng c6 dap irng muc tiéu thiét ké hay khong.
Thiét ké thanh cong chi can tinh chinh trong quy trinh t6i wu. Thiét ké khdng thanh cong doi hoi phai thay
doi ton tién va thoi gian vi nhirng van dé da tiét 16 trong quy trinh t6i wu. That bai co6 thé 1a két qua cua
nhirng du doan khéng chinh xac hay 16i cach doc nhirng du doan chinh xac. Hay trén bo phan tich cua
chiing ta sé giéng nhau.

DAy la quan hé tuan hoan: do va du doan. Rét cudc, dir liéu du doan dén tir do lurdng trong phong
thi nghiém va do luorng hé théng trén hién trurd'ng, xuét phéat tor dy doan. Phép do hién truorng kiém tra ly
thuyét co ban cua thiét ké. Roi chirng minh va ciing cé nhirng phan thanh céng. Khu vuyrc nao ma phép do
bac bd du doan cho thdy ching ta can du doan t6t hon hay hiéu n6 ré hon. Nhirng quy trinh nay nang cao
I&n nhau trong chu ky phat hién.

Cong cu du doan va do ludng phai chia sé ngén ngir chung. Dy doan phai mo ta sy truyén am
thanh khi ching ta do dugc. Phép do phai mé ta &m thanh khi ching ta cam nhan ra n6. Tai la b phan
tich co6 d6 chinh xac cao, dat ra nguéng day cao dé dy doan va do. V& co ban, nhirng quy trinh nay déu
giéng nhau, cho du ching ta xir dung chuong trinh thiét k& may tinh 3D (CAD) dé mo phong 4m thanh hay
béng bat chi va khan &n. D6 la phurong trinh hai phan: ban vé va dy doan dap rng 4m thanh. Muc dich dé
xac dinh loai loa t6t nhat, xac dinh vi tri va nhdm muc tiéu cho khong gian béng ban vé. Xac dinh hinh dang
cta khéng gian trong ban vé, hinh dang cla loa bang thuéc do goc, thude do hay chuong trinh dy doan.

Chiing ta can cai gi tir ban vé

B Hinh dang vi mé trong toa nha.

M Vi tri san khau.

W Vi tri khan gia.

B Loai tror dudng nhin-Sightline (vung khong c6 loa).

Bl Chd c6 thé dat loa (va’hay khong thé).

B Chi tiét bé mat (vung phan déi, vung hép thu).

B CA&u hinh bién déi (h6 dan nhac, san khdu mé réng, twdng di chuyén, v.v).
Nhirng cai ching ta can tir du doan hé théng am thanh

M Truyén tai loa khu vure ty do (bao quéat va SPL t6i da).

W Cong am gilra loa/loa.
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B Cong am gilra loa/phdng.
B Tac déng méi trwdrng truyén dan (khdng khi).
7.1 Ban vé -- Drawings

Ban vé bao gébm tir ban thiét ké sang nhirng loai file CAD (.dwg, .dxf, ...) & dinh dang 2-D va 3-D.
Loai ban vé 2-D phd bién nhét va chirc nang cta né thé hién trong hinh 7.1.

Quan hé gitra k& hoach va mat cat thé hién trong hinh 7.2. Néu dang lam viéc v&i ban vé CAD 3-D,
ban sé& khéng can t6i giai thich cach doc né.

Parameter Xiy |Viewpoint Function

1F Plan LUw Looking down on the main floor Speaker locations, horizontal coverage, aim

2F plan Lw Looking down on the upper floor Speaker locations, horizontal coverage, aim
Reflected Ceiling Plan Uw Looking down through the ceiling Speaker locations, mounting details

Section, Longitudinal UH From horizontal center to side wall Speaker locations, front/back vertical coverage, aim
Cross section, Transverse |W/H From front/back center to stage or rear wall |Speaker locations, sile/side vertical coverage, aim
Interior Elevation L/H or WHH _|Interior wall surface (side, front or rear) Speaker locations, mounting details

Exterior Elevation L/H or W/H __|Exterior wall surface (side, front or rear) Speaker locations, mounting details

Hinh 7.1 Ban vé 2-D tiéu chuén
7.1.1 Mat phang doc -- Vertical plane

Vung bao quat mét phéng doc kéo dai tir trén xuéng dudi va truréc ra sau. Muc tiéu thiét ké tiéu
chuén 1a bao quat ddng nhéat trong mat phéng nay. Bao phu 1én mé hinh loa doc va mat cét cua phong dé
phan tich d6 bao quat. Muc tiéu la dwdng néi chiéu cao dau ngudi nghe, hién thj dudng chay tir trwée ra
sau & nhiéu mirc do khac nhau. Khong can quan tdm khoang hé bao quat trong khéng khi phia trén khan
gia hay chong chéo duéi chan clia ngudi nghe. Khai thac chiéu cao dau ngudi. Mat phdng doc kha don
gian vi khoang céch gitra nguon t&i ngudi nghe noéi chung gan véi nhirng khoang céach that té. Thiét ké
cho viing bao quat dong nhét & mirc d ngudi nghe co6 thé mang lai két qua dur tinh.

7.1.2 Mat phang ngang

D6 bao quat mat phang ngang kéo dai canh/canh va trudc/sau. Digu nay don gian hon mét phang
doc nhigu. Mé hinh bao quat cua loa va mét béng cua phong thé hién dap rng nhu 1a dat loa ngang tai
trong phong phéng. Digu nay cho frontfills c6 thé kha chinh xac nhung khong nén cho hé chinh (vi ching
ta bay trén dau né). Muc tiéu la khu viyrc chd ngdi giBng nhu nhin tir phia trén, vi vay khong c6 ddu hiéu vé
chiéu cao dau (hay loa). Bao quat mé&t phang ngang co chirc nang lién tuc, nghia la né cay khan gia, tur
trurdre ra sau. Chlng ta dén hang ghé thir ba sau khi di qua hang thir hai, v.v. Chiing ta khéng nhin thay
diéu nay trong mat phéng doc, tirc 1a ching ta khéng dén duoc chd ngdi trén tang mot sau khi di qua tang
hai. C6 thé xuét hién ving bao quat ngang khung khiép (va t6t) hay ngugc lai. Két qua phé bién nhét la
ché ngbi phia trurdc hinh nhur c6 vung ndng va lanh nghiém trong khi trén that t€ ving bao quat c6 thé kha
dong déu. Lép phu ngang loa/phong 2-D sé can phai tinh dén hiéu (rng bu cua mét phang doc (nhiéu hon
nguoc lai). Hinh dang muc tiéu ndm ngang 1a ving, trong khi muc tiéu theo chiéu doc 1a dudng ké.

7.1.3 Mat phang ngud'i nghe -- Listener plane

Vai chuong trinh du doan két hgp nhirng mat phang & trén va hién thi dap (rng trén mat phang
"ngu&ri nghe". Viéc nay doi hdi mé hinh 3-D dé tinh toan nhung c6 thé hién thi du¢i dang mat cat va mat
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béng don gian. Nhirng dudng dan tam giac ciing tinh vao va dap (rng sé hién thi canh/canh va trudc/sau
nhu dugc tim thdy & mirc d6 ngu i nghe. Biéu nay lam giam tai tam than dang ké, can cho ngu i thiét ké,
dén yéu t6 anh hudng cua viéc ghép trat mat phang.

Orthogonal (3-D) view Proscenium theater example
H l Longitudinal section view
“' H
Wlh :
: Length
- Cross
Plan view ~... section view X
1 2) Viewer
perspective
Width . Height :>
» direction
Length Width

Hinh 7.2 Quan hé gitra nhirng tam nhin chinh
7.1.4 Ban vé: 2-D trong thé gi&i 3-D

Quan diém 2-D bao gém I&p pha cla nhirng lat doc va ngang. Diéu nay cé nhirng han ché bai sy
truyén &m thanh I1a hinh cau va phong & dang 3-D. Khdéng qua khé hinh dung viing bao quét chinh xac khi
mat bang lan truy@n va mét phdng dy doan déu phu hop (hay gan nhu vay). Ching ta hay nhin vao hé
théng méau va coi nhirng hoat déng phu hop va khéng phu hop (Hinh 7.3). Trong bang A1 chung ta thdy
mat bang frontfills va sidefills. Ca hai d&u nham t&i gan nhu phang véi mat phing nay, va san & phia truéc
ciing kha phéng. Mé hinh lan truyén va mat phang phu hop. Xuét hién bao quéat cua frontfill I6n trén mat
trwrre (va no 1a). Xuét hién bao quat cua sidefill I&n trén mat trwde (va n6 1a). Trong bang A2, chiing ta sé
thdy loa bén duéi balcon. N6 giéng nhu frontfills nhurng ¢6 vé nhu 16 that sy va khdng déu trong ché bao
quat hang ghé dau. Khong phai vay. Loa duéi balcon gan trén md hinh mat bang va hudng xudng. Pay la
noi chling ta can giai thich dé c6 cam giac chinh xac. Bang A3 cho thdy mét phan cua ba hé théng phu nay
(v&i hé chinh off). Khéng can giai thich vi mat cét thing hang. Phia truéc va dudi ban cong coi bd nghe
I&n hon, vi n6 s& nhu vay (cho dén khi ching ta mé hé chinh 1én). Chiing ta hay thém hé chinh & gitra va
kiém tra mat bang trong bang B1. Hinh nhu hé chinh dang giét chung ta & hang ghé dau. Khdng cé kha
nang vi né vurgt qua mat trude san khdu. Mat bang khong phu hop. Hé théng sidefills va hé théng duéi
balcon cling nghe I&n & phia truée. Sidefills thi vAy nhung dudi balcon thi khong. Bang cuéi cung (B2) cho
thay hé chinh, frontfill va dudi balcon déng nhét theo chiéu doc rét chinh xac vi né sé lan truyén doc theo
trung tam cua phong. Sidefills gan hon (va xa hon), do do, quan hé véi hé chinh & gitra khong la dai dién
hoan hao.

Quy trinh chuyén déi dura trén viéc tim ra vector duérng truyén khi mat bang khéng khép. Quy trinh
nay trong hinh. 7.4. O day, ching ta co6 phan downfill trong phong hinh quat. Chling ta can biét cach bao
quat trén san ra sao dé chon ding s6 lrgng va khoang cach cua hé chinh. Ching ta c6 can hai, ba hay
bén? Ching ta biét chigu cao vi xac dinh béng video (dT nhién). Ching ta ciing biét frontfills s& bao phu
hang ghé thir ba. Chlng ta can vong cung bao quat sau cach san khau 5m (hang ghé thir ba). Truédc hét,
chuing ta hay nhin vao phan downfill trong phan (A). Tat cad moi cai déu ré rang va don gian cho ca hai,
downfill 1an frontfill. Trong mat bang (B), c6 vé nhu downfill c khoang tréng & hang thdr ba. Downfill chinh
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huéng xuéng dudi 40°, gan truong hop khdéng phi hop x8u nhét 1a 45°. Khoang cach vector tir ngudn
chinh dén hang thir ba la 7m.
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Hinh 7.3 Thi du v& viéc xtr dung dur doan hé théng loa khi vai mét phang khéng twong xirng véi nhau

Chung ta c6 thé chuyén loa ra sau 2m theo mét béng, rdi coi né ¢c6 thu hep khoang tréng & hang
thir ba hay khong. Viéc thay thé la chuyén vi tri sang mét cat ngang va huéng thing vao loa. Mt cét
ngang chuyén di dén 7m (C) cho thdy khoang cach lam ra dudng dong nhét, tham chi & trong pham vi
mong muén. Trurd'ng ho'p ddng cira; Ching ta can bén cum. Bang cudi cung (D) cho thdy viing bao quat
cua frontfill thu hep khoang cach & hang ghé dau tién (theo thiét k&). Chung ta khéng can dich chuyén cho
céi do.

7.2 Chuorng trinh mé phéng am thanh --
Acoustic Modeling Programs

Nhirng chuong trinh mé phéng &m thanh cung cép théng tin trudc vé hiéu suét cua loa trong
khong gian. M6 hinh dua trén s6 do hiéu suét loa, truyén am thanh qua khéng khi va tinh chat phan déi
cua vat liéu xay dung. Bua nhirng thudc tinh nay vao cong cu tinh toan mé phong tuwong tac cda loa trong
khong gian. B¢ chinh xac du doan ciing c6 gigi han, tham chi v&i phuong trinh hoan hao va dai dién cla
kich c¢& phong hoan hao. Mé phong dyra trén vai diém dir liéu hiru han dé mé ta thurc thé chia ra vé han.
CAau hoi quan trong 1a dé chinh xac c6 du gan v&i kha nang nhan thirc cua tai ctia chdng ta hay khéng.
Hiéu trng &m thanh cua I&p son thir hai khéng thé nghe dugc ching ta, do dé, quén né di! Ching ta chi
can du théng tin dé lyra chon mé hinh, s6 lwgng, loai array, vi tri, goc tap trung, xtr Iy tin hiéu va xur ly 4m
thanh cda loa. Phai tinh toan chinh xac nhirng tinh chat truyén dan, cong am va tiép nhan vi n6 déng vai
trd quan trong trong nhirng lura chon nay.
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from downfill at 5m depth

Goal: unity line of frontfill !
I £ian {0 ‘ coveragetz)altz.Smd th and IDI Flan (FF) ]

A) Section view: XDF-FF

ownfill path to 3rd row: 7.5m
Frontfill path to 3rd row: 5m
Downfill is a vector path (-40°)
but frontfil is a straight line

path (0°)

B) Plan view (DF):
ownfill path to 3rd row
appears to be 5m, which
makes it look like there is a
gap in coverage. Translation
is needed.

C) Transverse (DF):
ownfill path to 3rd row
appears as 7.5m, which
shows unity coverage at this
depth. No gap in coverage.

&D) Plan view (FF):

rontfill path to 3rd row

appears as 5m (which it is).
rontfill shows unity coverage

at 2.5m depth. No franslation

is needed.

o

|

Hinh 7.4 Thi du vé quy trinh chuyén d6i cho hé théng downfill

7.2.1 Lich sir rdt ngén gon -- A very brief history

Nhirng chuong trinh mé phéng lic dau dugc phat trién bai nhirng hang san xuét loa va mdi hang
déu dong kin thur vién san pham riéng cua ho. Digu nay lam cho nhirng chuyén gia (nhirng ngudi mudn
khong tham gia vao hang san xuét) dang nam gilr thuéc va thang do goc, trong khi cdng ty san xuét loa
lam khach hang ling ting vé phdi canh cla hiéu suét loa. Cang lam van dé toi té hon (d6i v&i chuyén gia
tur vén), nhirng cong ty loa cung c8p du doan cho khach hang mién phi, tao ra sy thay déi vai tro cua
ngudi tur van va hang san xuét. Sy thiéu tiéu chuén tao ra méi quan tam nghiém trong (va c6 co so) vé
viéc tao ra dy doan tir nghién ciru &m thanh hay tiép thi. Sy thuc day tiéu chuan da nay sinh nd lyc nham
nang cao san choi. Tiéu chuan hoa sé cho phép ngudi thiét ké ti€p can thu vién dir liéu cia hang san xuét
canh tranh, so sanh va déi chiu hiéu suét cua loa véi digu kién binh dang.

Hé théng mo phong &m thanh thuong mai dau tién la EASE™, thiét ké bai Dr Wolfgang Ahnert.
EASE c06 thu vién dir liéu mé clia hdng san xuét loa canh tranh va két qua la hién dang thich co s& ngu i
dung rdng réi. Vai cong ty da déng y vé dinh dang dir liéu phd bién, co thé xir dung béi vai chuong trinh
mo phong méi tir cong ty doc lap.

Nhin chung, chuong trinh nay c6 ba loai co ban:
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W D6 chinh xac thép 2-D/3-D: 1 octave, géc 10°, tuy chon phase (CLF1).

B D4 chinh xac trung binh 2-D/3-D: 1/3 octave, gbéc 5°, tuy chon phase (CLF2, EASE™).

B D) chinh xac cao 2-D: 1/24 octave, gbéc 1°, phase (MAPP Online ™).

7.2.2 Tap tin dir liéu cua loa -- Speaker data files

M6 phdng am thanh bat dau bang tap tin dir liéu cla loa, thu dugc trong méi trwdng phan doi tu
do, chéng han nhu budng khéng phan déi. M6 phong su truyén am thanh truec ti€p cla loa tir dir liéu nay
(md hinh bao quéat, dap rng tan s6, SPL, v.v.). San pham cudi cung la bang gia tri bién do va phase theo
goc theo tan s6. Kich thuare file thay d6i dang ké theo do chinh xac va tidng manh v file 3-D

Do chinh xac tan sd, dd chinh xac géc va kich co tap tin (gia dinh mat
phang la déi xirng)

2-D, 1 octave, 10°: 10 x 52 = 520 diém dir
lieu

3-D, 1 octave, 10°: 10 x 614 = 6140 diém dir
liéu

2-D, % octave, 5°: 30 x 106 = 3180 diém dir
lidu

3-D, ¥ octave, 5°: 30 x 2522 = 75.660 diém
dir liéu

2-D, 1/24 octave, 1°: 240 * 538 = 129.120
diém dir lieu

3-D, 1/24 octave, 1°: 240 * 64.080 =
15.379.200 diém dir liéu

Dir liéu ngudn gi¢i han dé chinh xac dap irng du doan. Dy doan mo hinh bao quét 1a nhirng

dudorng lién tuc, ndi suy tir nhirng diém dir liéu loa da do riéng biét. Phép ndi suy (Interpolation) " néi lién

ddu cham" gitra nhirng cai da biét, "bud'c nhay niém tin" vé& mat toan hoc. Phép ndi suy la sy that vé cudc
sdng trong dir liéu &m thanh va van dé cua ching ta don gian chi la van d& mirc dé (trong vai trwéng hop
dung choc nghia den). B chinh xac giam xudng khi nhip ndi suy tédng lIén. Chlng ta can dé chinh xac géc
va tan s6 vira du dé dua ra nhirng quyét dinh thiét ké t6t.

First-order
speaker
@ 8 kHz

3 dBlcolor,

14m x 8m 1 octave resolution

Third-order
speaker
@ 8 kHz

1/24th octave resolution

——

1/3rd octave resolution

Hinh 7.5 Nhirng van dé giai quyét tan s6 lién quan dén dac tinh cla loa don. Trén: Loa bac mot chi cho thdy
nhirng khac biét nho gitra dir liéu c6 dé chinh xac thip va cao. Dudi: Loa bac ba cho thdy su khac biét dang

ké& vé chi tiét thuy hai bén.

@ Sound & Lighting
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An octave resolution rendering contains the
same information as exists in the three 1/3
octave resolution bands that comprise the
octave. The amount of difference between

the higher and lower resolution data
depends upon the variance over the given
octave. As variance between the high
resolution renderings rises, their
blance to the low lution data falls.

1 octave rasqlution (8 kHz)

In this example the on axis beamwidth is
constant over each 1/3rd octave band and
therefore the octave data is closely related.

Only the small details vary in any of the 1/3rd
octave renderings. The conflicts in these
details ar smoothed over in the octave data.

3 dB/color
8 kHz
14m x 8m

i
1/3rd octave resolution (6.3 kHz)

|

1/3rd octave resolution (8 kHz)

|
1/3rd octave resolution (10 kHz)

Hinh 7.6 Loa bac mét & do chinh xac 1 octave so v&i thanh phan 1/3 octave c6 clung giai tan sd. Gigi han

trong nhirng chi tiét khac biét.

An octave resolution rendering contains

1/3 octave resolution bands that comprise
the octave. Their individual resemblance

the same information as exists in the three

In this example the on axis beamwidth
narrows over each 1/3rd octave band.
The octave data shows the average
beamwidth, which is closest to the middle
1/3 octave. The sidelobe features (see
inset detail) are very different for each 1/3

—
(™

1 octave resolution (8 kHz)
' i

to the low resolution data falls as variance
rises between the high resolution
renderings.

octave. The octave rendering does not
resemble the conflicting 1/3rd octave
components.

3 dB/color
14m x 8m

| 1 1
1/3rd octave resolution (6.3 kHz) 1/3rd octave resolution (8 kHz) 1/3rd octave resolution (10 kHz)

Hinh 7.7 Loa béac ba & do chinh xac 1 octave so vi thanh phan 1/3 octave c6 cung giai tan s6. Tim thdy su
khéac biét trong nhirng chi tiét, thuy hai bén va trong d6 réng luéng 4&m (beamwidth).

7.2.2.1 D6 chinh xac tan sé

D6 chinh x4c tan s6 dét sé I6p cho loat so d6 bao quat (1, 1/3 hay 1/24 octave). Nhirng bién thé
phu thudc tan s6 trong viing bao quat béc 16 trong 16p. DO chinh xac thu thap gi¢i han do chinh xac cua
man hinh. Bd chinh xac man hinh ¢c6 thé nhd hon viéc thu thap bang cach quéan binh nhiéu 16p v&i nhau
dé c6 duwgrc man hinh composite trong dy tinh (Hinh 7.5 va 7.6). C6 thé cho thdy dir liéu thu thap & 1/3 hay
1/24 octave & bat ky do chinh xac nao thdp hon (d6 chinh xac ba manh 1/3 octave va 24 manh 1/24
octave). Nguoc lai, dir liéu octave khong thé chuyén d6i thanh vao man hinh cé do chinh xac cao hon. Cai
do goi la "nang né Ién- making it up" va doi héi mac do tiép thi.

Trudng hop dir liéu cé dd chinh xac théap dé tha thir nhat 1a loa c6 thir bac thép, da thiét ké t6t véi
hinh dang tuong déi 6n dinh theo tan s6. D6 chinh xac téng sé cho thdy dé khac biét khéng dang ké. Néu
khong doi xtr t6t vai loa thi sy khac biét sé thanh quan trong. Lam sao chung ta cé thé noi loa t6t khi no
x&u? D{r liéu c6 do chinh xac cao. Khi tinh ndng dinh huéng cua loa lam tang viéc thay doi hinh dang

FR
Sound & Lighting



Dw doan

nhanh hon va sé khé 6n dinh hon. Gia tri cta dir liéu c6 dd chinh xac cao tang theo thir bac cua loa (Hinh
7.7).

Dir liéu c6 d6 chinh xac thdp sé tron tru khi cdng dé chai cua loa lai va loai bo né khéi tam nhin.
Diéu nay tao ra gia tinh trong dwong gitra chién lwgc thiét ké véi sé Iwgng chai rat khac nhau (Hinh 7.8
va 7.9). Dir liéu tan s6 cao nhat c6 du chi tiét dé hién thi nhirng bién thé am thanh, trong khi dy- doan nao
c6 do chinh xéac thép sé loai bd béng chirng.

2x90°

@
90° splay

&%

1 octave resolution 1/3rd octave resolution 1/24th octave resolution

8 kHz, 3 dB/
color, 40m x
25m

2x90°

@
30° splay

Hinh 7.8 Nhirng v&n dé giai quyét tan s6 lién quan dén dac tinh cong &m (summation) trong nhirng array loa
ghép. Trén: Array khéng chong chéo cé cong am loc luge t6i thi€u. Digu nay dugc phoi bay t6t nhét trong
phuong phap vé phéi canh co do chinh xac cao, noi co thé phan biét rd sy twrong tac gitra vung chai va ving
c0 1ap. Duéi: Array chong chéo hinh nhu ¢cé dang thu hep nhung cé chai turong duong trong dy doan dé
chinh xac thdp. Bang do chinh xac cao cho thdy su tuong tac cia vung chai dé chiém wu thé trén hau hét
vung bao quat.

Symmetric
uncoupled line
source
first-order
0° splay
1.5m spacing

Notes: . x
1/3rd octave resolution

8 kHz
3 dBlcolor,
14m x 10m

Hinh 7.9 Nhirng van dé giai quyét tan s6 lién quan dén d&c tinh cong &m (summation) trong nhirng array loa
khong ghép. Hinh anh dé chinh xac thap khéng cho thdy mirc dé gon bién thién cao tir tuong tac gitra loa.
Vé&i du doan c6 do chinh xac thap, nhirng ving chong chéo hinh nhu ddng nhat nhat. Dir liéu c6 do chinh xac
cao boc 16 dién tich chdng chéo dong nhét it nhat.
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7.2.2.2 D6 chinh xac géc

Dir liéu & curc 1a chudi tron hay nhi&u hinh cau nhirng diém c6 khoang cach déu nhau. Khoang
cach la do chinh xac goc, tinh theo do. Két qua da cho thdy bao gém phép ndi suy (interpolation) dé tao ra
nhirng dudrng cong lién tuc, tron tru (Hinh 7.10 dén 7.11).

Dy doan phai theo déi chinh xac nhirng thay déi goc dé trong loa da do. Loa bao quét rong ¢6 tinh
(rng dung t6t v&i ty 18 thay d6i thép, co thé mo ta mat dd goc thdp day dd. Loa bac mot co thé phiu hop voi
nhirng tiéu chi nay, nhung loa bac ba c6 mirc thay déi trén goc nhé qua cao.

First-order
speaker
(90°)

8 kHz, octave
3 dB/color,
10m x 4m

Third-order
speaker
(57)

® Angular
data point

Hinh 7.10 Nhirng vdn dé vé dé chinh xac goc lién quan dén dac tinh cua loa don. Bang bén trai cho thdy két
qua khi dinh huéng truc loa dé khép vai nhirng diém thu thap goc. Bang bén phai cho thdy dinh huéng truc
loa gitra nhirng diém thu thap goc. Trén: Loa bac mét chi cho thay sy khac biét nho vai dé dich chuyén goéc.
Du6i: Loa bac ba cho thdy nhirng khac biét vé hinh dang dang ké. Loa thir bac cao yéu cau dé chinh xac goc
cao dé mé ta cho chinh xéac.

Symmetric coupled
point source
First-order
2 x 90° spkr
@ 90°

N.

8 kHz, 1/24th oct.
3 dB/color,
25m x 10m
® Angular data
point

Symmetric coupled
point source
First-order
2 x 90°spkr
@ 30*

Hinh 7.11 Nhirng van dé vé dé chinh xac goc do lién quan dén dac tinh cong &m trong array loa ghép néi.
Bang bén phai cho thdy dinh hudng truc array gitra nhirng diém thu thap goc. Trén: Array khéng chéng chéo
chi cho thdy nhirng khac biét nho véi do dich chuyén goc. Dudi: Array chdng chéo cho thay sy khac biét vé
hinh dang dang ké. Array chdng chéo doi hoi phai co do chinh xac goc cao dé mé ta cho chinh xac.
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Tuy nhién, loa bac moét cling khong ngoai lé. Nhiéu loa bac mét ¢o6 horn véi dé chénh gon séng
dang ké trong pham vi bao quat ctia n6 (coi giéng nhu nhirng cai vau va chét). D6 chinh xac goc thap, dac
biét khi ghép vé&i do chinh xac tan sé thap, co thé tao ra gia tinh twong duong (false equivalence) gitra loa
c6 chét lugng Am thanh khac nhau. Dir liéu c6 d6 chinh xac thdp (goc hay tan sé) lam giam chat lwgng
diéu tra dy doan clia chung ta, mang lai nhirng quan diém lac quan la tron tru. DT liéu c6 d6 chinh xac cao
thuorng ¢o6 thé giéng nhur &m thanh ngay tan thé (Armageddon), nhung ching ta co lgi tir viéc c6 kha nang
dua ra nhirng quyét dinh sang su6t hon. B0 chinh xac thap la giai phap video cho van d& vé am thanh.

7.2.2.3 Pap rng phase -- Phase Response

Bap trng phase cong thém phrc tap vao viéc giai thich dir liéu dang ké. C6 can no that thiét
khong? Tra I&i 1a co, trir khi chiing ta gidi han thiét k€ dé cé thanh toan thdp nhat trong nganh céng nghiép:
mét loa duy nhét trong ITnh vure tur do. Phai tinh phase trong méi Ian phuwong trinh ¢6 bu thai gian (thi du
nhu nhiéu loa, phan déi). Bac tinh cdng &m khéng c6 dir liéu phase sé vi pham quy luat nhiét dong luc hoc
thir hai. Tao ra ndng lwgng (mat tich curc ctia cdng &m) ma khdng co6 bu tén that (mét triét tiéu). K&t qua,
ching ta khdng thé quan séat dap rng bang tai hay bo phan tich. Do d6 ¢c6 thé két luan, phai bao gbm ca
phase trong dac tinh (xem phan 7.2.5.3).

Correlating prediction and measurement: Direct and reflection

Direct sound only Measurement Ray trace prediction
Prediction should be highly correlated Hi Res Hi Res Lo Res X Phase

to measured on axis data, regardless I l I | I I I I

of speaker order. Low resolution data
will be a smoothed version of the high
All predictions can correlate to measured data, even

resolution data.

without phase.
Reflection: Strong LF, weak Measurement Ray trace prediction
Prediction is best correlated to HiRes :i HiRes LoRes XPhase

measurement in the LF range, but
correlation decreases in the HF range
as the comb filter frequency spacing
decreases. The "No phase” version
has poor correlation.

Reflection: Strong LF and

i | e | e e

Filtered reflection reduces HF combing, reducing the
difference between high and low resolution.

Measurement Ray trace prediction
HiRes i HiRes LoRes X Phase

o [l | o ]

Unfiltered reflection creates strong HF combing,
visible only in high resolution.

Deep full range combing.The low
resolution prediction data smooths the '

HF combing. This causes the
response to resemble the HF filtered
reflection shown above. "No phase”

version has poor correlation.

Hinh 7.12 So sanh mé hinh dy doan tia ray véi do dap (rng da do c6 dé chinh xac cao du kién. Trén:
Pudng dan am thanh trurc tiép trén truc dap irng. Gitra: da loc phan doi. Dudi: khéng loc phan doi.

7.2.2.4 Binh dang loa thud’'ng -- Common Loudspeaker Format (CLF)

Nb Iyrc tao ra dinh dang dé chuén hoa tap tin ma ngudn mé phong am thanh. Diéu nay cho phép
nhiéu hang san xuét khac nhau gtri dir liéu dé xir dung trong churong trinh dur doan cua bén thir ba. Theo
tiéu chuén clia nganh céng nghiép am thanh tiéu chuén (hai tiéu chuén t6t hon mét), ching ta co6 hai "dinh
dang loa théng thuorng." CLF1 ¢6 d6 chinh xac thap (1 octave, 10°) va CLF2 ¢6 d6 chinh xac trung binh
(1/3 octave, 5°). D4 thém dap (rng phase vao trong CLF2 v.2. Tao ra tap tin dir liéu bang nhiéu phép do 2-
D hay 3-D. B phan tiép thi khdng thé gtri dir liéu twdng twgng. Phai do n6 béng co s& da phé duyét va
chirng nhan theo nhirng diéu kién tiéu chuéan. Ca hai dinh dang déu c6 thé cho thdy nhirng mé hinh hinh
cau 3-D. Day cb thé 1a phép do 3-D that t& hay phép ndi suy hinh cau, dua trén nhirng khoanh tap tin 2-D
don déc. Khi coi két qua, phai xem xét pham vi sai léch, phat sinh tir sy két hgp gitra do chinh xac
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th&p/trung binh va ndi suy hinh cau. Dang chd y la chuong trinh canh bao ngudi ding khi dién ra ndi suy
hinh cau.

Dy doan am thanh d& hudng loi tr viéc thurc hién tiéu chudn nhdm tao san choi gitra nhirng déi
thi canh tranh. Tiéu chuén phai kh&t khe, di dé phan biét gitra loa va thiét k& chét lurgng t6t va kém. CLF1
chinh x&c thap doi hoi chiing ta phai than trong khi thurc hién bat ky danh gia nao véi nd. Thay ré nhirng
tinh néng tho clia loa réng (bac mét) nhurng chi tiét ctia phan thiy bén va triét tiéu (cancellations) sé bong
bay hon. Loa cé nhigu thuy co thé xuét hién binh dang véi loa c6 mé hinh ddng nhat hon. Y dinh cua tiéu
chuén la can béng san choi ma khéng cay xuéng cot muc tiéu. Xem xét loa bac ba hién dai, xtr dung trong
line array, thugrng c6 mé hinh trong pham vi 10° (x 5° tur truc). CLF1 sé khong 14y diém dir liéu dau tién
clia n6 cho dén khi loa da vurot qua moc thiét ké quan trong nhét, diém -6dB. Ban cé cam thay thoai mai
khi thiét k& quanh diém ndi suy -6dB khong?

D6 chinh x4c tan s6 cua band octave ciing han ché pham vi (rng dung. Ching ta c6 thé thay nhiéu
loa don trong khu vure ty do. Chiing ta khong thé mé ta chinh xac cac dap (rng cua loa téng ho'p c6 do
chinh xéac chi octave. N6 cay phan chai dé ching ta khong thé thay su khac biét gilra thiét ké t6i uru hoa va
thiét k& c6 nhiéu chai. So sanh CLF2 (mac du khéng tuong thich) véi EASE™, c6 dé chinh xac cao hon.
Thay d6i la mét trong nhirng thang do gia téang. D6 chinh xac tan s6 gép 3 va do chinh xac goc gép 2 lan
CLF1. bay la cai tién rd rang, nhung da du chua?

7.2.2.5 Mapp Online™

MAPP Online chi la dy doan 2-D v&i dd chinh xac cyc cao va dir liéu phire tap. Dir liéu cda loa
dugc do & 1/24 octave, dd chinh xac goc 1° theo chiéu doc va ngang v&i s6 do dap (rng phase that té ctia
trng mé hinh. Co thé két hop nhiéu mé hinh loa khac nhau c6 cong 4m thét t&. MAPP c6 do chinh xac va
dé chinh xac vurot troi trong déc tinh cla tirng chi tiét loa va cong 4m cua loa. Tuy nhién, ¢ ba han ché
nghiém trong: Thu vién dir liéu loa chi c6 loa Meyer Sound, md hinh phan déi trong phong rat han ché, va
t4t ca dir lieu déu 1a 2-D. Nhirng han ché nay ré rang da ngan can viéc xtr dung nd lam céng cu phd quat.

Thiét k€ am thanh hién dai phu thudc vao array loa c6 dé chinh xac cao véi rat nhiéu géc chong
chéo nhau. Ngay khi d6i 1° sang 2° sé c6 tac dong trén hiéu suét array rat rd. Dir liéu c6 dé chinh xéac thap,
khong c6 phase, khéng thé cung cédp nhirng chi tiét quan trong can cé dé dua ra quyét dinh day du vé hé
théng nhu vay. Tréai cau pha lé cua téi (dang du doan 16i thri) cho biét twong lai sé c6 dinh dang chuén véi
dir liéu dé chinh xac cao phirc tap. C6 thé la CLF3 chang?

7.2.3 Tinh chat truyén am -- Acoustic transmission properties
7.2.3.1 Truyén am thanh truc ti€p -- Direct Sound Transmission

M6 phong sur hao hut khi truyén &m thanh tryrc ti€p & khu vure ty do (6dB/khi tang gdp d6i). Vai
chuong trinh may tinh phuy thudc tan sé HF tinh hao hut hdp thu khéng khi béng cach bao gém ca ngudi
dung diéu chinh nhiét d6 va dé 4m. Day la tinh nang hiru ich nhung ¢6 giGi han that té. Nhirng rng dung
trong nha c6 thé xtr dung "nhiét d6 phong" danh dinh va dé 4m tiéu chuén, nhung khdng thé chic chan xay
ra nhirng diéu nay. Ung dung ngoai tr&i co thai tiét that t& nén chéng can gia vo thiét ké hé théng theo dur
kién cla no.

7.2.3.2 M6 hinh Ray-Tracing

Khi tia cham vao bé mat, n6 bi phan déi nhu &nh sang trén kinh (goc nghiéng = goc phan doéi). Ray
tracing chiu trach nhiém vé rdt nhidu thong tin dan déng quy trinh thiét ké du doan. Trong quy trinh t6i uu
hoa, sé do dap (rng cla hé théng va hy vong sé co két qua twong ty nhu dy doan nhirng théng sé quan
trong nhat. Chlng ta khéng thé dyra vao mo hinh dy doan dé hoan thién, va ching ta ciing khéng can dén
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no. Sé rét hiru ich khi hiéu duoc noi ching ta c6 thé mong doi két qua sé phu hop véi du doan, va & do
chung ta can phai di mét minh va chi dya vao dir liéu do. Nhirng lién quan dén thai tiét tao ra trwdng hop.
Ngay ca khi churong trinh dy doan c6 thé 1am yéu t6 nay nhung n6 khéng thé dy doan thoi tiét. Viéc giam
séat va dén bu nhirng tac dong lién quan dén thoi tiét sé doi hdi do dac tai ché.

Hang loat s0 liéu, minh hoa sy khac biét gitra mé hinh dy doan ray-tracing va phan déi tan sé co
dé chinh xac cao ma chung ta thdy trong quy trinh t6i wu hoa. Biéu twgng dap (rng tan sé khu vure cong
am da gidi thiéu trong churong 4 lai xuat hién & day. Ly tudng la két hgp hoan hao gitra du doan va do
dac. Su khac biét 1a dang ké, vi nhirng bidu twrg'ng cOng &m nay la cét mée quan trong cho nhirng quyét
dinh t6i wu. Néu két qua dur doan di qua xa vai that t€ do dugc, chlng ta cé thé dua ra nhirng quyét dinh
thiét k& t6i ma sau nay sé phat hién trong quy trinh t6i uu hoa.

Correlating prediction and measurement: Speaker/Speaker summation

Spkr/Spkr summation: Low overlap Measurement ., Ray trace prediction
Predicted data can be well HiRes ii HiRes LoRes  XPhase

correlated to measured dalta in the I\'A{'. ’_l I‘fl."_-l I“ﬂﬁ." 4

LF range, but correlation
decreases in the HF range as

frequency resolution decreases.
The "No phase” version has poor
correlation,

Filtered overlap reduces HF combing, reducing the
difference between high and low resolution predictions.
The "No phase" version resembles an off axis
response, rather than a summation response.

SpkriSpkr summation: High overlap

Deep full range combing due to

high overlap.The low resolution

prediction data smooths the HF

combing. This causes the

response to resemble the low
overlap configuration shown

above. The "No phase® version

has peor correlation.

Ray trace prediction
Hi Res Lo Res X Phase
\ | N P —

Unfiltered overlap creates strong HF combing, visible
only in high resolution. Low resolution data is less able
to distinguish between high and low overlap
configuations. The "No phase" version resembles an
off axis response, rather than a summation response.

Hinh 7.13 So sanh nhirng mé hinh dy doan ray-tracing v&i dap (rng do dugc co6 dé chinh xac du kién cao.
Trén: Twong tac cla loa co ty |é trung 1ap thap. DuGi: Tuwong tac cla loa co ty |é trung 1ap cao.

Correlating prediction and measurement: Refraction

Direct sound only

Prediction will not detect the change
in axial orientation and path length
caused by refraction. The axial
effects become more significant with
highly directional speakers.

Ray trace prediction
Hi Res Lo Res X Phase

measured data, even without phase.

Reflection: Strong LF and

Prediction will not detect the axial
orientation and path length
diff caused by refraction.
Combing details will shift in
frequency and level.

Measurement Ray trace prediction
® Hi Res Hi Res LoRes X Phase
Detail features of the combing will shift frequency
and level. Most visible only in high resolution.

Speaker interaction: High

Prediction will not detect the axial
orientation and path length
differences caused by refraction.
Combing details will shift in
frequency and level.

® Measurement Ray trace prediction
Hi Res Hi Res Lo Res X Phase
[omed | Fomd ] =
Detail features of the combing will shift frequency
and level. Most visible only in high resolution.

Hinh 7.14 So sanh nhirng mé hinh dyu doan ray-tracing v&i dap (rng do dugc ¢d dé chinh xac du kién cao.
Trén: khuc xa ctia dwdrng &m thanh tryre ti€p. Gitra: Tac dong khlc xa déi véi phan déi khéng loc. Duéi: Khic
xa cla viéc cong am loa/loa.

FR
Sound & Lighting



Chwong 7

Mai con s8 chira két qua da do du tinh va ba phién ban két qua mé phong theo ray-tracing: do
chinh xéac cao, d6 chinh xac thdp va khéng co6 phase. Chilng ta sé thdy, do twong quan cao nhét lubn 1a dé
chinh xac cao nhéat, va thap nhat 1a dap (rng "khéng phase" (hinh 7.12 dén 7.16).

Goi y cia chuong trinh dy doan cho bd diéu chinh truyén 4m

B Khic xa (Refraction): Budng truyén am thanh uén quanh, di qua nhirng I&p moi trudrng. Chi
lién quan dén nhirng (rng dung ngoai tr&i tam xa. Dy doan sé phai tinh dén nhirng I6p nhiét do
khéng khi khac nhau va mirc d6 uén sé gay ra cai gi. Nghi ngd do chinh xac cuc ky do ngoai troi
cOng thém didu kién nhu gi6. Khéng c6 quyét dinh thiét ké hé thdng 4m thanh nao phu thudc vao
dir liéu khuc xa lai c6 thé chinh xac.

Correlating prediction and measurement: Absorption & diffusion

Reflection: No absorption Measurement .. Ray trace prediction
Deep full range combing.The low Hi Res Hi Res Lo Res X Phase
resolution prediction data smooths - - .
the HF combing. This causes the l; i I_! | [
response to resemble the weak HF 3 . :
reflection shown above.The "No Unﬁlteredv:;lmc:‘n'y%e:}e: f:g:g HF combing,
phase” version has poor correlation. 9 Bon:
Reflection: HF absorption Measurement . Ray trace prediction
Predicted data can be well correlated Hi Res Hi Res Lo Res X Phase
to measured data in the LF range, but e I o Al l
correlation decreases in the HF range ® [ I/ : l L I I’ L =
as resolution decreases. The "No : ¥ 5 g
. " . Filtered reflection reduces HF combing, reducing the
phase® version has poor corelation. difference between high and low resolution.
Reflection: Diffuse Measurement Ray trace prediction
Predicted data can be well correlated Hi Res Hi Res Lo Res X Phase
to measured data in the LF range, but At s ® [ = } e I == l 1
correlation decreases in the HF range T L I Y™ I /"
as resolution decreases. The "No Diffuse reflection reduces combing, reducing the

phase” version has poor correlation.

T O T T T U T T T T U TV TvTY difference between high and low resolution.

Hinh 7.15 So sanh nhirng m6 hinh dy doan ray-tracing véi dap (rng do dugc cd do chinh xac dy kién cao.
Trén: phan déi khong loc tir bé mét khéng hép thu. Gitra: phan déi da loc tir bé mat hdp thu. Dudi: phan doi
khong loc tir bé mét khuéch tan.

Correlating prediction and measurement: Diffraction

Diffraction: Small object Measurement Ray trace prediction
The simple ray tracing model can see an Hi Res Solid Clear
object as solid or clear. If treated as solid 7] ) [ B

there will be a shadow. If seen as clear, "< ! R J'

the response is flat. The measured

response would show HF loss only, Level loss and HF rolloff in the measured data will be

seen in the prediction only if the diffraction is factored in.

Diffraction: Small opening Measurement ..  Ray trace prediction

The sound passing through an opening /' Hi Res Solid Clear
emerges as a new source on the other _® I 1 Al ]
side. The new "direct” response will \ | N— i

resemble the response of the speaker at

th ing. Level loss in the measured data will be seen in the
il prediction only if the diffraction is factored in.
Diffraction: Large object Measurement ..  Ray trace prediction
The sound passing over a large object Hi Res Solid Clear
emerges as a new source at the surface i L
edge. The new "direct” response will - Al |

resemble the response of the speaker at

the edge. Level loss and HF rolloff in the measured data will be

seen in the prediction only if the diffraction is factored in.

Hinh 7.16 So sanh nhirng mé hinh dy doan ray-tracing v&i dap (rng do dugc co6 dé chinh xac du kién cao.
Trén: nhiéu xa chung quanh vat nho. Mé hinh ray-tracing c6 thé hay d&c trung déi twgng la cirng hay ré.
Giira: nhiéu xa qua 16 nhé. DuGi: nhiéu xa chung quanh vat I&n nhu trén tudng.
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B Khuéch tan (Diffusion): bién d6i tan s6 phirc tap. V6 cung phirc tap dén mé hinh cho nhirng ly
do chinh ma lam cho né nén c6 4&m thanh muén c6. M6 phdng bé mat phan doi phan tan phang sé

nhin mé hinh t6i t& hon la khu vure. Rét nghi ngd ¢ quyét dinh thiét ké hé théng nao phu thudc

vao dir liéu khuéch tan lai c6 thé chinh xac.

W Nhiéu xa (Diffraction): S6ng 4&m udn quanh bé mat, chir khéng nay Ién. Bét ky tru cot va mot

phan bire tudrng nao ciing can phai ¢co tinh chat phan doéi khac nhau theo tan s6. Phai mé phong 16

clra nhu la ngudén am thanh thir yéu. M6 hinh dy doan tién tién két hg'p nhiéu xa cé thé mé ta
lubng &m chir | & phia trwde loa va cho ching ta biét vj tri nao c6 tan sé nao. Cam on, nhung

khéng dau. Giai phap wru tién |1a cai cura cat sat.

B Cong hudng (Resonance): quan hé khoang cach dang cam théng véi buéc song nao dé.

Chuing ta sé chon loa khac vi 275.4Hz la tan s6 cong hudng chdng? Sé thdy nhirng tinh chat cong

hudng khi hoan thanh tda nha, chang ta da |1&p dat loa va da s&n sang diéu chinh.

7.2.4 Tinh chéat hdp thu cta vat liéu

Cho dén nay, ching ta chi xem xét nhirng bé mét cé hiéu suét phan doi sdng &m 100%. May mén
1a hau hét bé mat déu co chét lugng hédp thu phu thude vao vai tan s6. Xem xét ti€p theo 1a lam sao nhirng

tinh chat nay dai dién trong dy doan va do lwong.

Téng hop nhirng tinh chdt &m cua vat liéu xay dung thanh bang gia tri hé s6 hdp thu theo tan sé
(Hinh 7.17). Hé s6 hép thu cho thdy nang lwgng &m thanh bi mét trong quy trinh chuyén déi & bé mat. Gia
tri dao dong tir t6i da la 1,00 (ctra s6 md&) dén 0,00 (phan doi 100%). Chang ta c6 thé chuyén déi nhirng s6

nay thanh dd hao hut dB nhu sau: suy giam la 10 * log10 (-a) trong d6 "a" 1a hé s6 hép thu).

Absorption level loss reference
Loss (dB) = 10 x log (1-x)
Absorption
Value (dB) Coefficient («)

-0.10 0.02
0.25 0.06

-0.5 0.10

-1.0 0.20

-1.5 0.30

-2.0 0.37

-3.0 0.50

-4.0 0.60

-5.0 0.69

6.0 0.75

7.0 0.80

-8.0 0.84

-9.0 0.88
-10.0 0.90
Total 1.00

Hinh 7.17 Tham khao mirc do hé sé h&p thu (xdp xi). Biéu do tham khao & trén chuyén déi hé sé hap thu (a)
thanh d6 hao hut dB cho viéc phan ddi. Tinh toan mé hinh ray-tracing nhu thé nay c6 thé mé phong sy hao

hut tia phan doi khi n6 thoat ra khai bé méat phan déi/hap thu.
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Nhirng hé s6 hép thu da cong bé thudng gi¢i han & band octave, dao déng tir 125Hz dén 4kHz.
NO khong gay ra sy khac nhau gitra bé mat n6i bat & 9.0° va 90°, diéu nay c6 thé dang ké vai vai vat liéu
(khéng phai tat ca) va tan s thay d6i. Viung bé mat nao co chira vat liéu hén hop sé co tinh chéat phan déi,
hép thu, cong hudng, khuéch tan va nhiéu xa qua goc t&i va tan suét khac nhau. D6 phire tap dang kinh
ngac, ngay ca & phong don gian. M6 phong dm thanh véi dir liéu hé s6 hdp thu da cong bd, t6t nhat, Ia
phép tinh xdp xi rat tho.

7.2.5 Pac tinh cdng am -- Characterizing summation

Chung ta khéng thé phong dai tam quan trong cua quan ly cong am dén thiét k& t6i uu. Nén xur
dung han ché chuong trinh mé phong nao khéng mo ta codng &m chinh xac. Kiém tra coi: vo ich va gay
hiéu lam.

7.2.5.1 D6 chinh xac tan sé -- Frequency Resolution

Dau tién, Iru y nhanh vé dé chinh xac tan s6, budc song va cong am. B6 chinh xac octave cé
nghia la chiing ta thdy 4m thanh truc ti€p va hiéu trng cong &m cla &m thanh tryc ti€p dén 1A phia sau am
thanh tryc ti€p (tao ra dinh octave rong). D6 chi la 1ms tai 1kHz. D6 chinh xac 1/3 octave tang gép ba lan
bao gdm tin hiéu dén sau 3A\. Woohoo! Biéu nay chi c6 nghia la c6 phan nho trong s6 hiéu (rng cong &m
da bao gom trong dap trng. D6 chinh xac thép cho phép truyén tu do dén loc lrgrc (trong dur doan) sé
khong cung cép cho khan gia. Digu nay khéng c6 nghia la ching ta can lam tat ca moi cai & 1/24 octave,
nhurng chiing ta can tly chon dé dén do khi co cau hoi. O do chinh xac thap co thé rat khd phan biét duoc
cai t6t, té va xau.

7.2.5.2 D6 chinh xac cua géc -- Angular Resolution

D6 chinh xac clia goc ciing dong vai trd quan trong trong quyét dinh cong dm. Ban c6 nhan thay ai
do thay d6i gbc nghiéng bang 5° chura? Churong trinh dy doan clia ban ¢6 thé khéng chay néu dir liéu cla
no xuét phat tir do chinh xac goc 10°. That 1a 16 bich khi xem xét dd chinh xac goc 10° hay tham chi 5° vi
loa hién dai c6 mé hinh bao quat va goc treo cho phép thay déi 0.5°. Array chinh c6 thé chira nhiéu loa
nghiéng khoang mét vai dé va co thé tao ra mé hinh két hgp nhé hon mét do. Goc tuong déi thay déi nho
rdt quan trong v&i dap (rng huéng két hop, sé mét nhirng chi tiét néu khong c6 dé chinh xac goc cao.

Nguoc lai, loa bac mot cé thé dat goc téi ru 5° hay 10° va sé 6 it ngudi nhén ra bat ky hiéu irng
tiéu curc nao vé tinh ddng nhét. Phai nham huéng array bac ba chéng 1én nhau cho chinh xac tuyét déi va
s& c6 mirc do dong nhét cao nhét ¢é thé tudng trrong. Sai s6t mot vai dé cd thé ném toan bo chuyén nay
di.

7.2.5.3 Pap rng phase -- Phase Response

Téi ty hdi, néu ching ta phat nhiéu bai hat khac nhau cho méi loa thi d6 I&n sé ra sao. Sau day la
cau tra 1&i khi du doan mé hinh loa khéng c6 dap trng phase. Viéc cdng &m mang tinh xay dung hoan toan.
Khéng co sur triét tiéu. Ngay ca cd phan cuc nguoc hay thiét 1ap delay cling khéng quan trong! Khéng cé
(rng dung nao cho chién lugc nay va khong co chién lugc thiét ké nao cé lgi tir né. Co hai ho cong am:
trong quan va khong tuong quan. Ching ta quan ly sy tuong tac gitra nhirng déi tac co tuong quan.
Chuing ta khéng phan tich sy twrong tac ctia nhirng cai khong cé twong quan vi no 1a ngau nhién. Ban sé
thure hién quyét dinh thiét ké nao lién quan dén nhirng cai c6 lién quan ngédu nhién? Téi phat hién ra delay
am thanh 2.94ms co vé t6t nhat.

7.2.5.4 Bap rng Quasi-Phase

Lwra chon trung gian la quy két dap (rng phase danh dinh cho tét ca loa (thay vi xtr dung nhirng
dap trng do dugc that té cua tirng mé hinh). Gia dinh tat ca tan s6 déu c6 phase phéang va phase tuong
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déi gitra nhirng nguon, roi két hop vao du doan dura trén thai gian bu. Cach ti€p can nay cho thay su
turong tac céng 4m co6 do chinh xac hop Iy, mién la chi dy doan mét mé hinh loa don. Néu két hg'p nhigu
mé hinh (model) khdc nhau (nhu hé chinh va loa subwoofer, hay nhirng mé hinh full-range khac) sé khéng
theo d6i dwgc dap rng da do trong quy trinh t6i wu hoa. Tinh twong thich phase gitra nhiéu mé hinh 1a van
dé phirc tap, thurdgng phat sinh trong quy trinh t6i wru hoa. Théng bao truéc trong quy trinh thiét ké cé thé
dan dén quyét dinh ha nhirng thach thirc nay trong quy trinh t6i uru.

Han ché cua dap (rng quasi-phase khac la gia dinh ctia n6 vé sy phat trién phase tir ngudn diém
don. Bap (rng phase do dugc cua loa hai way that (khdng dong truc) sé xac nhan nhirng cai ching ta thay
b&ng mét: Tin hiéu HF va LF truyén tir nhirng vi tri vat Iy khac nhau. Do dd, ngay c& cdng am cua hai loa
mé hinh giéng nhau cling khéng chinh xac trong pham vi crossover am thanh (trong mét phéng di doi
driver HF va LF). Pay la diém hop luu cua chia &m phé va khdng gian, da thao luan & hinh 4.34.

7.2.6 bura duw doan vao cong viéc

M& phong am thanh la céng cu thiét k€. Churong trinh chinh xac lam tang kha nang thiét ké t6t va
giam bt ly do cho thiét k& d&. Trong phan tich cudi clng (choi chir ¢ y d6), ching ta sé thay no ra sao
khi t6i uru.

Sé la ngay tuyét vai khi chung ta co san dir liéu 3-D va c6 s6 do cua phase nhanh cuc ky. Vao thoi
diém viét khong c6 sé&n churong trinh nay. Théi diém nay, chang ta phai lam viéc véi nhirng cai co sén. Méi
chuong trinh déu c6 diém manh va diém yéu. Néu chung ta khong thé co tét ca, chiing ta wu tién cho cai
nao?

Muc tiéu cudi cling 1a t6i wu hda thanh céng. Co6 nhiéu co héi thanh cong I6n nhat néu dir liéu dy
doan phan anh nhirng cai ching ta sé thay trén bo phan tich. Phai wru tién cho su twrong quan nay hon la
trinh bay chat lwgng cho giam déc diéu hanh hdi dong quan tri. Lyra chon tot nhat 1a dy doan mang lai sy
Iura chon mo hinh loa, vi tri, loai array, nguén xtr Iy tin hiéu va xur ly 4m thanh khon ngoan nhat. Co thé digu
chinh nhirng vdn d& nay tai hién trud'ng, nhu equalization, goc mé va mirc dé twong ddi, cling co thé dé
lai cho giai doan hiéu chinh.

Nhiém vu dy doan phirc tap cuc ky. L&p nay nam trén 1&p khac khi cong thém hiéu (rng &m thanh
vao viéc truyén am thanh tryrc ti8p. Chéc chan sé giam do chinh xac theo khoang cach va méi khi thém bé
mét hay loa. Chong chét rat nhiéu diéu di thwdong so vai mat tuong tac loa/phong cua phuong trinh, vai co
ché& am thanh phirc tap cua no va dir liéu cé sén khong day du dé tinh toan.

Nhirng diéu tét nhat dén vién two'ng toi té nhat cho tinh chinh xac cua du doan (theo thir
tw)

1. Bap (rng khu vure trye ti€p (md hinh bao quat, dap trng tan s6, mirc dd, hao hut trong khéng khi).
2. Hiéu &rng cong am loa/loa (m6 hinh bao quat, dap (rng tan s6, murc do).

3. Hiéu (rng c6ng 4m vé loa/phong (md hinh).

4. Nhiéu xa, khuéch tan, khic xa, cdng hudng, hiéu trng reverb (mé hinh non-ray-tracing).

DPap (rng trurc ti€p (gan va xa) ctia mot loa don c6 kha nang mé ta chinh xac cao nhét vai diéu kién
la chiing ta ¢c6 dd tan s6 va do chinh xéac goc. Tiép theo la dap (rng cong 4m khu vure tryre ti€p clia nhigu
loa. Ngay ca array khéng 16 ciing it phirc tap hon sy cdng &m cua loa/phong. Vi tri cu6i ciing di theo hanh
vi non-ray-tracing ctua cong am loa/phong.

Chung ta thiét k& hé théng loa, khdng phai phong giao hudng. Tién trinh theo ding thir tu cho
chung ta vi hau hét dy doan chinh xac nhét ddu phu hop véi wu tién cao nhat vé thiét ké va t6i wu hoa.
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Nhu cau cta ching ta la viéc dir liéu chinh xac cung véi du doan dé chinh xac, phan con lai sé do tai ché.
Lura chon mo hinh loa, gbc huéng, loai array va phan phéi xtr ly tin hiéu, chd yéu dua trén déap irng truc
tiép. N&u hé thdng khdng thé cho ra dap (rng déng nhat trong khu vure tu do, that ngé ngén khi mong doi
phan doi trong phong 18p day khoang tréng. N6 cé thé hiru ich dé xac dinh nhirng bé mat c6 tiém nang gay
nhiéu nguodn phan déi. Nhung dudng phan doi khéng bdc 16 cho dén khi chiing ta xac dinh hinh dang &m
thanh trurc tiép. Ngudn géc rac réi thudrng 1a quan hé cua noé véi dwdng dan am thanh truc tiép, khong phai
Ia mang luGi dudrng dan da bé mét phire tap. Ching ta da c6 két luan dé tranh nham vao twdng va yéu
cau sy hap thu tir lau, trwdc chuong trinh mo phong.

Cho (rng dung cutia ching ta, khdng nén xem xét viéc mé phong tinh &m trong phong binh dang véi
mo phong &m thanh truc tiép. S& khong bao gidr tim ra thiét ké hé thong loa t6t nhat néu phoi canh cua
chinh n6 khéng chinh xac, bat ké du doan phong t6t ra sao. Cé thé tim thay nhirng chd stra déi tinh am cé
loi nh&t bang cach nhin vao trén bé mét, chd am thanh truc tiép dé vao, ngay ca khi khéng mé phong tinh
am cho phong. Lam cai nao trwgc, Am thanh tryc tiép hay phan doi?

OK. Vi vay, chiing ta khéng thé mé phong phan déi trong phong hoan toan. Cé van dé gi véi sy
bao gém it nhat vai phan déi ctia phong trong tinh toan clia ching ta vé dé dong nhéat khong? Cé phai mo
phéng tinh chinh xac dang ngo sé t6t hon khong?

Xem xét nhirng diéu sau day:
B Né&u dir lieu loa c6 do chinh xac thap, thi dir liéu phan doi co thé t6t hon ra sao?

W C6 phai m6 phong cong A&m ma khong c6 phase gidng nhu mé phdng treo loa ma khong cé
trong lyc?

B Goc bao quat tt nhat 1a 40° vai man ctra. Cai gi t6t nhat khi khong man ctra?
B Chung ta can loa SPL 132dB v&i man ctra. Khong c6 man ctra thi ra sao?

W Array nguon diém ghép la t6t nhat vai man cura, Cai nao t6t nhat khi khong co?
W Co tudrng kinh 10m x 20m. Can m6 phong chinh xac nao dé biét giai phap?

B Co6 phai viéc dy doan &m thanh trurc ti€p chinh xéac sé gitp ching ta tranh khoi tuérng kinh
khéng?

W Ngay mai sé nong va 4m. Chlng ta c6 nén déi mé hinh loa hay goc tap trung khéng?
B T6i can nhirng mo hinh va goc tap trung nao cho phong céd RT la 2.3 giay?

Toi khéng thé cho ban biét cach thiét k& hé théng bang cach xtr dung du doan khéng c6 do chinh
xac du dé phan biét thanh céng hay that bai hay vai triét tiéu phase mong muén ra sao. Téi khong biét lam
cach nao, vi vay chéc chén t6i khéng thé day cho ban. Quan diém thiét ké cta toi lubn bao gém ky vong,
trén bo phan tich cua t6i, hé théng sé xuét hién ¢ quy trinh t6i uu hoa chinh xac cao bao gém ca phase
nira. B phan tich cua t6i chura bao gi¢ tim thdy hé théng cé hanh vi nhu phéi canh cé dé chinh xac thap
hay khéng c6 phase. Tuy nhién, t6i da thdy hé théng cta nhiéu hdng san xuét c6 hanh vi giébng nhu ban
phdi canh, c6 phase chinh xac cao nhu cua MAPP Online.

Hay xem xét viéc tu thi vé su thién |&ch cua tac gia hay han ché tam nhin cla t6i. T6i sé phai vat
I6n v&i nhirng han ché cda tam nhin 2-D d6i v&i nhirng sai s6t va bd qua viéc dir liéu khong phase c6 do
chinh xéac thdp cho dén khi du doan d6 chinh xac cao chuyén thanh 3-D (va t6i hoc cach van hanh no).
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Chung ta d& sén sang ap dung quy trinh dy doan cho thiét k& t6i wu hoa. Nhirng chuong tiép theo
sé tién hanh tim k¥ cach thiét ké hé théng loa cung cédp sy déng nhat t6i da cho khu vuc nghe ra sao. M6
hinh dy doan c6 do chinh xac cao, bao gém ca phase sé& huédng dan chang ta huéng téi muc tiéu nay.
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Chuong 08
Sai léch (Phuwo’ng sai) -- Variance

Pham vi bao quat cuia loa c6 hinh dang. Khu virc khan gia cé hinh dang. Thiét ké 4m thanh la dat
hinh dang loa 1&én trén khan gia. Chuong nay bat dau tim hinh dang loa t6t nhat dé 1ap day ca phong.
Chung ta bt dau don gian, véi mét loa don, va thiét 1ap san khdu cho chuong tiép theo, noi ching ta sé
mé rong vao array loa.

Muc tiéu rét thdng thén: & moi chd. Clng mirc d6, dap (rng tan s6, dd rd va vi tri hinh anh am
thanh. Nguyén tac ap dung cho loa don va array phirc tap, cho nha hat hop den day du hay nha hat day du
hop den déu nhu nhau. Nhiém vu la thay déi khong gian t6i thiu, 1& nhiém vu khach quan ma thuée do
thanh cbéng cua n6 & cach ching ta gilr diém s6 thdp nay I1a bao nhiéu. Néu né cd &m thanh t6t & day, nén
cling c6 4m thanh t6t & dé. Thuat nglr phurong sai- variance cho biét mirc do ti€ép can muc tiéu dy tinh nay
nhung cudi cung khong thé t&i do.

(Phuong sai (variance): la s do, xtr dung phé bién dé do mire dé cua bién s6 ngéu nhién (hay
théng ké) phén tan quanh gia tri trung binh cta n6é — Tu dién Wikipedia).

8.1 Tién trinh phwo'ng sai cho loa do'n
Chung ta tim cach giam thiéu phuong sai khéng gian trong bén loai chinh:
B Phuong sai mirc do: tinh bang dB, thi du: Khu vire duéi balcon 1a -6dB, so véi hang ghé 24.

B Phuong sai &m phd: tinh bang dB theo tan s6, thi du: Dugi balcon, giai tan tir 2-8kHz 1a -6dB
so véi dap rng phang trong hang ghé 24.

B Phuong sai hinh anh 4m thanh: & vi tri bl gitra hinh anh cdm nhan, thi du: Dién vién nghe co
vé ho dang & trong mai cho ghé ngbi & hang thir tr nhurng hinh anh thi gan mdc dé séan khu tir hang ghé
th&r muoi lam.

B Phuong sai d6 gon: tinh béng dB, cho peak va dip ¢ lién quan dén cong am, thi du: Vung duéi
balcon ¢c6 gon giai mid 12dB, so v&i 3dB & hang hai muoi bén.

Vai hang muc phu la phan khu ctia nhirng bd phéan I&'n hay chia sé gitra n6. Sy thay doi do dé hiéu
bi anh hud'ng béi gon (chai va echo) va am phd (hao hut MF hay HF) va thay déi mirc do. Co 1& chién
lurgc phurong sai t6i thi€u trong hang muc chinh sé cai thién dé dé hiéu. Kha nang mirc dé t6i da la hang
muc phu cla viéc thay déi mirc dé, chi duy tri khi tat ca loa déu duy tri dap trng tuyén tinh dén marc do
(khéng nén hay qué tai). Phai tinh ty I& cong suét cho loa & vung bao quat cua n6 dé tat ca vi tri cing nhau
dat dén mirc do cao nhéat. Thi du, phai tinh ty |1& loa duéi balcon dé theo kip v&i hé chinh & khu vuc cua
no6. Thao luan vé ty I& cong suét & phan sau chuong 11. Bay gitr ching ta gia dinh da co ty Ié thich hop.
Chung ta ciing cho réng tat ca loa déu c6 diém tham chidu &m phd phé bién: dap (rng dm phd trén truc
phang.

M6 ta viéc truyén loa do'n bing bén duwd'ng phuo'ng sai tiéu chuan trong méi mat phang

B Duong phuong sai ti truére (Forward-variance line): tir 0dB dén -6dB theo hué'ng vé phia
true.

B Duong phuong sai hudng tdm (Radial-variance line): tir 0dB dén -6dB trén ban kinh déu.
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B Dudng phuong sai phia hai bén (Lateral-variance line): tir 0dB dén -6dB trén dudrng thang
vudng gbc véi loa.

B Budng phuong sai t6i thi€u (Minimum-variance line): tir 0dB dén 0dB theo hu'é'ng phia trurée,
hudéng tdm (hinh quat) hay huédng ngang.

M6i dudng déu co vai trd trong chién lurgre thiét ké (Hinh 8.1). Thi du, dudng phuong sai tGi trwde
lién két hé chinh vai delay, dudng hudng tam lién két nhirng phan tir cua array nguon diém va dudng
phia bén lién két nhirng ngudn line khéng ghép. Budng phuong sai t6i thiBu nhdm muc tiéu cho loa don.
Pudong phuong sai t6i trude, dudng huéng tdm va dudng bén cé thé lién két véi nhau dé tao ra dudng
phuong sai t6i thi€éu mé réng.

Pudng phuong sai tGi trurde, hudng tam va bén 1a tat ca dwong co6 thé chdp nhan dé phuong sai
t6i da (0dB dén -6dB). Budng phuong sai téi thiéu clia loa don la lién két gitra nhirng diém c6 muirc d6
tuwong duong tuong déi: diém cudi -6 dB két thic cua dudng phurong sai toi trirée va dudong hudng tdm
(hay bén). Ca hai dau cua nhirng dudng nay déu giéng nhau, do do6 do phuong sai ti thiéu. Bay gior
chung ta c6 thé dat tén cho cét méc phuong sai téi thiu: ONAXFAR (diém cudi -6 dB cua dudng toi
trwrére) va OFFAXNEAR (-6 dB cudi clia dudng huéng tAm/bén). BPudrng phurong sai t6i thiéu két ndi gitra
ching n6é v&i nhau (hinh 8.1).

Ap dung cho array ciing cling nguyén tac nay. Diém cuéi -6dB cla dudng phuong sai hwdng tam
va bén ndi v&i nhau, tao ra két ndi cong &m la 0dB, mé réng dudrng phuong sai t6i thiéu cho dén khi nd
giam 6dB theo hudng tGi trurdre, hudng tdm hay bén (chi tiét trong chuong ti€p theo).

Reflections

Inverse square loss “a
( -6 dB / doubling) Summation

Air loss

Axial loss

X

~—s LoOss increaser

-6 dB angle -3 dB angle
=+ Loss reducer -0 dB range -3 dB range
Level remainsconstant e s e

6 dB tota 6 dB total

Hinh 8.1 Sy tién trién trén khong gian theo mirc dé phuong sai. Cho théy lién két phuong sai t6i thiéu gitra
ONAXFAR va OFFAXNEAR.

8.2 Phuo'ng sai mure do (Loa do'n) --
Level Variance (Single Speaker)

Hai co ché dang tham gia: mé hinh bao quat va ty 1& pham vi. M6 hinh bao quat tao ra hinh dang
lan truyén. Néu la da hu¢ng thi yéu t6 duy nhét la pham vi: cang gan cang Ién hon. Loa don méat mac do
ngang theo khoang cach khu vuyre ty do theo moi huéng. Khuynh hudng ty nhién Ia giam xuéng khi chiing
ta di sdu vao phong va/hay di chuyén ra ngoai vé hai bén. Néu nguén co dinh hudng, ching ta c6 dugc
hinh dang ddng nhat huéng tam tuy chinh. Hang ghé thir mudi ¢ thé nghe 16n bang hang ghé thir hai,
nhung rdi pham vi ndm quyén kiém soat lai. O' hai bén hang hang ghé thir mudi hai sé nghe nhé hon trir
khi chung ta lam diéu gi do dé bu hiéu rng pham vi.
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8.2.1 Hinh dang mtrc dd bat bién (dwd'ng vién mire dd ngang béng nhau) --
Level-invariant shape (equal-level contour)

Chung ta c6 thé tim ra viing bao quat cua loa bang cach xoay quanh n6 va duy tri mirc d6 ngang
béng khi di vong quanh. Ching ta theo ddi vong tron cach déu nhau néu loa la ngudn birc xa da huéng
hoan hao. Bat ky loa nao khac déu doi hdi phai thay d6i khoang cach khi di vong quanh cua chiing ta va
tao ra hinh dang tuy chinh d&c trrng cho dap rng c6 mirc dé bat bién déc nhét cua n6. Day la ban do
dudng vien mirc do bang nhau, con goi la so do ap suét dang ap-isobaric. Méi loa d&u c6 mét hinh dang
trong méi mét phéng (va cho vdn dé nay trong 3-D) va né bién thién theo tan s6. Ching ta sé tap trung vao
mdrc t6ng thé ngay bay gior va thém tan s sau. Dat d6 phuwong sai mirc do t6i thiéu khi chung ta dat ddi
tuwong theo hinh dang nay. Biéu dé giai quyét sy phan bé hudng tdm nhung chiing ta can thém khoang
cach vao phuong trinh.

8.2.2 Ty Ié pham vi -- Range ratio

Sé dé dat phurong sai mirc do t6i thi€u néu chi c6 mot hang ghé khan gia rat siu: Don gian, chi
can khép hinh dang mirc do bét bién cua loa véi hinh dang déi tuong. Khi d6 khéng phai la trudong hop,
chiing ta phai két hgp nhirng khac biét trong khoang gitra ngui nghe xa nhat va gan nhét, tirc 1a ty 1&
pham vi (Hinh 8.2). C6 thé biéu dién viéc nay béng dang ty l& tuyén tinh hay & log (dB). Loa cach ghé xa
nhét gdp doi ghé gan nhat sé co ty I& pham vi 2:1 (6dB). Pay la phuong sai mirc dé mac dinh cla khu vuc
nghe. Nhiém vy clia chlng ta la chéng lai khac biét pham vi béng céch dinh huéng/dinh hinh vung bao
quat cho loa dé tao ra mirc do & dia diém xa va gan ngang béng nhau. Giai phap la dat loa & vi tri, ché ghé
mat trude va sau tuong rng v&i nhau (giam ty 1& pham vi xuéng 0dB). Ché nay thudrng 1a vi tri cao ky cuc
trén tran nha. Ngoai ra, ching ta cé thé xir dung loa cé dinh huéng 6dB, hay két hop ca hai.

Hay xtr dung thi du curc doan dé minh hoa (Hinh 8.3). Dat loa trén ria san khdu. N6 cach mat dat
4m va phia truéc la 32m. Ty 1& pham vi la 8:1 (18dB). Chung ta can loa full-range c6 dinh huéng 18dB dé
vurot qua thach thirc nay. Day la ly do tai sao ching ta khéng chong PA trén san nira. Nang loa Ién chiéu
cao dién hinh cho hé chinh L/R va chiing ta c6 thé tang gap doi khoang cach cho hang ghé dau tién. Biéu
nay lam giam ganh nang sang 4:1 (12dB), dua chiing ta vao linh vuc thurc tién that t€ cho array loa (2:1 1a
gi¢i han that té cho loa don). Nang n6 1én dé cao cum trung tdm lam giam khoang 2:1. Sé dat ty 1& pham vi
thap nhat v&i cach ti€p can trén khéng, nhung rd rang la khdng kha thi dé tang cuong dm thanh tir san
khdu nay. Khi tiép can loa trong mé&t phang ngang (phia truéc) ching ta di chuyén khoi né theo chiéu doc.
Két qua 1a bu lai hiéu rng mdre do, giup chang ta duy tri mirc dd khong doi.

Ciing c6 thé giam ty 1& pham vi bdng cach chia ving bao quat (phan dudi cua hinh 8.3). Frontfills
mé& réng diém khai dau cho hé chinh va delay lam giam & dau cudi, sé giam ty 18 trén t6ng anh hudng.

8.3 Phwo'ng sai am phé -- Spectral Variance

8.3.1 Tién trinh phuo'ng sai am phé -- Spectral variance progression

Phat hién ra phuwong sai mirc d6 cua ching ta mang dén phuong sai vé am phé véi thém vao mét
thanh phan: tan s8. Xin 16i, tdi ndi day c6 nghia la 600 thanh phan. Ching ta c6 thé coi diéu nay nhu 1a
phuong sai cia vung bao quat déi véi tan sé (khong gian/am pho), hay 1a phuong sai vé tan sé dap trng
ddi véi viing bao quat (am phé/khong gian). Ap dung thuat ngir phuong sai am phé vi du sao di nira, tat ca
hinh thirc bién thé déu "vurgt qua khong gian”.
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A Range ratio: High center main
OFFAX; a5
2:1(6 dB) (VTOP) is 20m
OFFAXyean ;
(VBOT) is 10m ; A
B : .
Range ratio: Low L/R main
OFFAX; an
(VTOP) is 20m
3:1 (10 dB) =]
OFFAXygan .
(VBOT)is 7Tm

Hinh 8.2 Tim ra ty I& pham vi tir hai vj tri trong cing phong. Vi tri cao (A) mang lai ty 1& pham vi nhd hon vij tri

thép (B) 4 dB, nhung v&i dé can bang trong (rng trong phuong sai hinh anh am thanh.

Chuyén tiép tir ONAXNEAR sang ONAXFAR tao ra dap trng nghiéng vé théap hon la cao (phan doi
va hao hyt trong khéng khi). Day la sy gia tang do nghiéng &m phd. Di chuyén tir ONAXNEAR sang
OFFAXNEAR cuén HF ra nhigu hon LF. Am phé lai nghiéng. Sy khac biét vé dé nghiéng cia &m phé gitra
ONAXNEAR va nhirng vi tri khac la phuong sai &m phd. D6 nghiéng twong ty gitra ONAXFAR va
OFFAXNEAR la phuong sai &m pho téi thiéu.

So sanh su nghiéng &m phd va phuo'ng sai am phé

B Nhirng vi tri c6 dap rng phéng twong (rng: khéng c6 d6 nghiéng &m phé va khéng cé phuong
sai am phé.

B Nhirng vi tri pht hgp HF giam hay LF tang: c6 d6 nghiéng 4m phé nhung khong co phuong sai
am phé.

M Dja diém c6 HF giam hay LF tang: c6 do nghiéng am phd. Cai khac 1a phang (khéng nghiéng):
phuong sai &m phé.

Muc tiéu cua chung ta la phuong sai 4m phd t6i thi€u, khdng nhét thiét 1a nghiéng &m phd t6i thiéu.
Chung ta khéng phai l& "canh sat phang". Nhiéu k§ su tng ho s6 lurgng nghiéng dang ké. D6 phuong sai
am phd t6i thiu bao dam cung dd nghiéng am phé nghe duwoc & khap moi noi (Hinh 8.4).
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/‘

Frontfill |21 (6 aB) 2 : - Range ratio reduced by
:)TQ{} = coverage partition

Hinh 8.3 Thi du cuc doan vé tac déng vi tri cua loa theo ty 1& pham vi cho cing mét phong. (A)
B&n vi tri ¢o ty 1& pham vi tir 18dB dén 0dB. (B) Giam ty 1& pham vi cho hé chinh bdng cach phan
vung bao quat vai frontfills va delay.

8.3.2 Nghiéng t¢&'i trwré’c -- Forward tilt

Moi nguén am thanh trén trai dat déu co phuong sai vé 4m phd khi no truyén vé phia truwréc theo
khoang cach. Ngay ca ngudn da hudng trong khu vure tur do sé cho thdy phuong sai &m phd theo khoang
cach do sur suy giam khdng khi trong giai HF. Bon gian 1a khéng cd cach nao cho ngudn duy nhat duy tri
dap (rng tan s6 cua nd theo khoang cach. Phan ddi ciing thém phuong sai &m phé theo khoang céach khi
né giam ty I& hao hut trong LF. Bap &rng ngay cang nghiéng v&i khoang cach tuong irng véi dap arng trung
binh (LF & trén va HF & dudi). Phan loai hanh vi nay la phuong sai &m pho t6i trude, doc theo dudng
ONAXNEAR t&i ONAXFAR (thé hién & hinh 8.4 (A)).

8.3.3 Nghiéng huw’é’ng tdm/sang bén -- Radial/lateral tilt

Ngudn huéng thém I&p khac biét Am phd khac: hwdng tdm, nghia la dap rng phu thudc tan sé
trén géc. Am phé nghiéng hay huéng tam tién trién tir ONAXNEAR dén OFFAXNEAR. Phuong sai &m
phé huéng tam tang 1én theo hurdng cua loa, trong khi phurong sai &m pho tdi trude tang 1én theo khoang
cach.

Loa full-range dién hinh mé& rong & tan thdp va bat ké & tan cao (Hinh 8.5). Loa bac mét chay tur
360° (LF), 120° (MF), 90° (HF) c6 phuong sai &m phé thdp hon loa bac ba ¢c6 lubng am ty 1 thuan vai
khoang céach 360° (LF), 90° (MF ), 5° (HF). Bay la tham sé c6 dinh cho loa don, khéng bj anh huéng béi
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equalization, mirc d6 hay delay. Tuy nhién, c6 thé xay dung array cé hinh dang bao quét két hop, khac voi
nhirng thanh phan riéng (thao luan trong chuong ké tiép).

Thiét k€ am thanh clia chiing ta c6 thé xtr dung tién trinh phuong sai t¢i trwée va hudng tam, két
hop v&i nhau dé dat duoc phurong sai &m phé t6i thiéu trong ving nghe muc tiéu. Pudng phurong sai am
pho t6i thiéu cuc dai phé bién sé néi do nghiéng &m phé cua ONAXFAR véi OFFAXNEAR.

OFFAXye an , : 6 dB/div
AL e J ) /
= ‘ | m ‘ ‘
| MU |"
[ I

i §
ONAXyean ) tilt ; '

25 Spectral variance = 6 dB
G \CIOCHIINS . OFFAX e an (Spectral tilt = 6 dB) |
Single speaker . 6 dB/div

Axial loss AL L | )
WERDG I DT S ifd i
i Vikw [ THNTE Y VA {

- R QLTI TGN
" — ' < | | 11 "
ONAX:.r (Spectral tiit = 6 dB = : A
OFFAX e an OFFAXyean (Spectral tilt = 6 dB Spectral variance = 0 dB ‘

s Spectral tilt Minimum spectral variance 32 125 500 2k 8k

Hinh 8.4 D6 nghiéng am phd va phuong sai &m phd. (A) Tién trinh khéng gian cho nghiéng va phuong sai
am phd. (B) So sanh ONAXNEAR va OFFAXNEAR cho th&y nghiéng va phuong sai &m phé khéng trong
x(rng la 6dB. (C) So sanh ONAXFAR va OFFAXNEAR cho thdy dé nghiéng ctia 4m phd va phuong sai &m
ph6 pht hop la 0dB.

8.3.4 Gié&'i thiéu "pink shift"

Nha thién van xtr dung “red shift” lam céng cu do tim tam xa cho nhirng nguén &nh sang xa xdi
trong vii try. Red shift b4t nguon tir hiéu (rng Doppler va tang I&én cung véi t6c do ctia ngdi sao. Red shift
trong &m phé bao hiéu khoang cach 16'n hon.

Chung ta cling c6 nhirng dau moéi vé tam ly - &m thanh khac nhau. Chuing ta mong cay violin & gan
c6 am thanh sang hon céi & xa. Chung ta mong dé nghiéng dm phd t&i truée tang 1én theo khoang cach
va nghi ngd né Iira dao néu khong tang. Dap (rng tir ngudn &m phé phang bat dau 1& mau trdng (khong
nghiéng) va dan dan chuyén sang mau hoéng (nghiéng) theo khoang cach. Tham chiéu & day la dé loc tap
am trdng-white noise (méi tan s ¢6 nang lurgng bang nhau) so v&i "pink noise-tap &m hdng", giam theo
mdi octave déu dan 3dB. Diéu nay tao ra nang lwgng ddong déu cho méi octave, va can béng tap am cla
am phé cho thinh giac logarithmic ctia chiing ta. Nghiéng am phé sé cdng thém "pink shift-dich chuyén
hong" vao dap (rng theo khoang cach. Trong sy truyén &m thanh ty nhién, pink shift nay lién quan truc tiép
dén khoang cach ngudn am. Hé théng sonar trong tai ching ta uéc tinh khoang cach ngudn béng cach
tinh toan duy tinh vé "pink shift".

C6 thé ap dung equalization dé giam pink shift trong dap rng. Trong that t&, chling ta dang giam
pham vi hinh anh sonic cho khan gia, dua ho dén gan hon. Ngoai ra, ngudi ta ¢ thé can bang hé théng
vé&i pink shift co chi dinh, do d6 chon pham vi hinh anh &m thanh (sonic xa hon. Dap (rng phéng tuong
duong tu nhién véi khoang cach gan, trong khi pink shift twong duong tyu nhién véi &m thanh xa. Bay la
tuy chon cho ki su dé thurc hién. Sy nghiéng 4m phé va pink shift twrong ddi giéng nhau cho cung dang
dap rng, béat ké no co phai la két qua cua cong dm LF, hao hut HF hay ca hai.
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Nhirng khuynh huéng chinh trong dé nghiéng am phé/pink shift phan phdi trong khéng gian, thé
hién trong hinh 8.6. Hiéu (rng chia thanh hai loai: phan déi trong phong tan thap nghiéng 1én va hao hut
trong khong khi giam tan cao. Hao hut trong khong khi c6 thé lam giam hinh dang bao quat trong giai HF vi
da tich Iy hao hut tir xa. ONAXFAR hao hut trong khéng khi gap doi OFFAXNEAR vi né c6 thé di trong

khéng khi gdp déi. Thé hién viéc nay trong so d6 bao quat clia hinh. 8.6.

ONAX,ua

ONAX, .y

OFFAX o pn

First-order OFFAX .
Second-order OFFAX ..

Third-order OFFAX .. \

6 dBidiv

[somuw-sua.ueamua]

32 125 500 x Bk

Hinh 8.5 B4 nghiéng am phé huéng tam/hai bén. Hién thj phan doi bac mét, hai va ba. Hién thi mdi dap rng
tan s6 & goc 45° so vai truc trung tam cho thdy dé nghiéng am phé ting 1én theo thir bac cua loa. So db bao
quét cho thay sy khac biét ngay cang gia tang gitra hinh dang LF, MF va HF khi thr bac cua loa tang 1én.

SOumidity

Reflections
] ] =
| S| o3 doash .
ONAX,ean ONAX;ap
G dBra I Reflection effects I No air loss
| S ) TR | 50% humidity
20% humidity
--,; - )
{ 3 walls ‘ :
I - 2 walls 143, I : . . - . : : 4
'T Free field l : I Air loss effects
A | T )
32 125 500 2k 8k

No air loss

80% humidity

20% humidity

Hinh 8.6 Tién trinh pink shift. Phan doi trong phong va hao hut trong khéng khi, ca hai déu cho thdy do
nghiéng ngay cang tang khi thém né vao tin hiéu tryc tiép.

8.3.5 Hiéu trng ty I1é pham vi

Ty 1& pham vi c6 y nghta lién quan dén viéc kiém soat phuong sai &m ph6. N6 kiém soat hinh
dang cua giai HF dé dang, tham chi & ty I& cao. R&t kho phiu hop véi viéc kiém soat dé trong LF (Hinh 8.7).
Diéu nay c6 thé dan dén phuong sai &m phd quy mé I&n & khoang cach gan do pink shift qua mirc ma chi

cO HF bj kiém soat.
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Ty 1& pham vi giGp xac dinh thdi diém phai goi cho dan pro-sound (c6 y choi chir), nghia la
downfill, sidefill, infill, v.v ... Ching ta cé thé di chuyén mot minh véi ty 1& pham vi tr 2 tré xubng bang cach
bu khoang cach bang muc tiéu b&t d8i xirng. Pink shift trén truc tai OFFAXNEAR c6 thé so sanh v&i hao
hut khéng khi ctia HF va hiéu (rng phan doi trong phong tai ONAXFAR, nhung su binh déng nay cé giéi
han. Ty 1& pham vi I&n hon 2 cho phép chiing ta c6 pink shift & khu virc 1an can ngoai truc gan do rat
manh. Ching ta can kiém soat mé hinh trén &m phé réng that ki dé giam thiéu phuong sai &m phd & do,
thach thirc cho array rat dang ké, va vai loa don thi hau nhu khéng thé. Ty 1& pham vi la 2 (6dB) la diém
cao trao trong viéc phai thém hé théng fill. Tin hiéu &m thanh trén truc twoi méi tir loa fill s& dao nguoc
pink shift.

8.3.6 Ty lé pham vi, d6 réng luéng dm va thir bac cua loa --
Aspect ratio, beamwidth and speaker order

Loa dién hinh trong gidi LF réng hon HF. Chung ta chdp nhan diéu nay l1a binh thuong, nhung né
la ly twdng chura? Cau tra 1o phu thude vao rng dung. Néu loa s6ng c6 don, khéng bao gi ghép néi véi
nhirng loa khac, thi ludng am phéng sé cé vé ly twdng (Hinh 8.8). Dang ly tuwdng khac xuét hién cho loa
nao choi t6t v&i nhirng loa khac. Ty 1& lubng dm wu tién khi c6 lugng Ién array chong chéo cao. Sy lai
ghép cua hai loai két ndi nay la duérng ndi ty & lubng &m LF va lubng am HF lién tuc. Loai loa nay c6 thé
choi du t6t du chi cd minh né hay véi sé lwgng han ché.

Loa nao co ludng am phang ly twdng sé co dang bao quat giéng nhau & moi tan sé. Do dé né phu
hop v&i phong du & 100Hz ciing nhu 10kHz. Khép viing bao quéat cua loa d&n hinh dang phong va nhdm
huéng nao c6 phuong sai t6i thiéu thi ching ta da xong viéc. Toi khéng néi toi da tirng thay con ky 1an
nay, nhung chung ta ctr viéc mo méng, eh?

Hay tap trung vao nhirng cong cu tiéu chudn thuong mai hon 1a ly twdang khong thé xay ra. Loa
full-range hai hay ba way dién hinh co6 luéng am lai: két hop cua LF front-loaded va HF horn-loaded, v&i
MF di theo mét trong hai cach. Van c¢o loai loa full-range dinh dang Ién va&i LF horn-loaded, nhung chi co
vai loai du I6n dé 1am phéng ludng &m xuéng dén gidi han giai 60Hz cua né. Ludng &m chuén cho ho loa
nay la dudng chéo trong LF (ludng &m tuong xirng) va dudng thang trong HF (ludng am khong déi). Dap
(rng LF la hanh vi cua driver hinh nén tiéu chuén front-loaded: tang tinh 6n dinh huéng cho dén khi mo
hinh chia nho thanh nhiéu thuy va triét tiéu. Pham vi bao quat réng khi truyén buéc song I&n hon dudng
kinh chuyén d6i va thu hep khi ty 1& thdp. Tim ra m&c pham vi tiéu chuén khi A va kich c& driver phu hop:
90°. Nhirng tan s6 bén dui réng hon 90° va tan sé bén trén hep hon. Driver I6n dat méc lubng 4m 90° &
tan s6 thdp hon driver nho.

Phia bén kia cta ludng &m lai 1 horn, lam phéng ludng am trong giai tan nhét dinh. Mt [an nira,
chung ta bj han ché & phia duéi va trén cung theo ty 1& buédc song so vai ty 18 thiét bi truyén dm. Horn sé
bi mat kiém soat va lubng &m mao réng khi A qua I&n (s¢'m hon trén horn dinh huéng, cao hon nhirng horn
m¢& réng hon). Tan s6 cao hon, lai bj gi¢i han bai thily song lan nira. N6 18y horn Ién dé di dén hep va
th&p nhurng no két thuc (thuly) sém. Horn nho bat dau va két thac cao hon.

Ludng am lai 14 bd ghép giira dudng chéo LF va doan bang (plateau) HF. Ching ta c6 thé xac dinh
né bang chiéu rong va tan sé goc cua doan bang, thi du: 80° tir 1kHz hay 50° tir 2kHz. Hai tham s6 nay
cung cép cho ching ta du théng tin dé chon ding loa cho viing bao quat t6i thiu va nham vao do.

Hay quan sat nhirng db thi lubng dm cho nhirng yéu té cla loa don (Hinh 8.9). La nhirng yéu t6
don doc, phurong sai &m phé cuia né chi la van dé don gian vé dé doc.

N&m céi loa sé dong vai trdo quan trong trong thi du vé sau nay. Hinh dang clia ludng 4m (Hinh
8.10) va hinh dang ty 1& huéng theo tan s6 (Hinh 8.11) sé gidi thiéu & day.
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Range ratio = 2:1
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OFFAX .z B4

Min-Var line (S 6dB)

OFFAX s an

Hinh 8.7 Thi du vé hiéu (rng ty I& pham vi trén pink shift (d6 nghiéng am phé). (A) Phuong sai &m phé &
canh cua phuong sai t6i thiéu (6dB) cho ty I&é pham vi 2:1. (B) Nghiéng loa Ién dé duy tri phuong sai mirc do
t6i thiéu cua giai HF cho hinh dang 3:1 nhung phuong sai khdng gian hién tai da dat 10dB. (C) Ty 1& pham vi
4:1 chi lam cho no6 t6i t& hon (12dB). (D) Phan déi lam giam ty 1& (thém d6 nghiéng & phia sau) nhung n6
khong phai la déi tac dang tin cay cho phuong sai t6i thiéu.
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Thi du tiéu biéu vé ludng 4m cua loa va FAR
B Doan bang bac mét, 90°, 1kHz, FAR 1.4

B Poan bang bac hai, 40°, 2.5kHz, FAR 3.0

B Poan bang bac hai, 35°, 1.5kHz, FAR 3.3

B Doan bang bac ba, 15°, FAR 8.

B Poan bang bac ba, 7°, FAR 16.

TN [ Idealized proportional beamwidth (hypothetical) ]
320
100 > Proportional LF
270
3 240
§ 210 Coverage angle
£ 180 doubles with el N\ [ Idealized hybrid beamwidth (hypothetical) ]
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Hinh 8.8 Gia thiét vé& nhirng khuynh huéng ludng am lai, trong xirng va phéng
8.4 Phuo'ng sai hinh anh am thanh -- Sonic Image Variance

Cach dat hinh anh that té cua 4m thanh an toan nhét 1a tat hé théng 4m thanh va la toang Ién. Vo
tdt ca (rng dung khac, chiing ta can phai xem xét vj tri loa, thdi gian, equalization va mirc do. Co ché cam
nhan & day da thao luan & chuong 5. O day ching ta ap dung né cho ngudn va loa cta san khau.

8.4.1 Phuong sai khoang cach téi trué’c -- Forward range variance

Nghe ngudn ty nhién & nhirng hang ghé phia trré'c sé thdy gan va & phia sau thay xa (vi né la
vay!). Pay la phuong sai hinh anh 4m thanh t&i truwée, khia canh tyr nhién cla viéc truyén dm thanh. Mét
trong nhirng muc tiéu thiét k& am thanh cua chang ta 1a giam hiéu trng nay dé moi ngu'di & phia sau cam
thdy gan hon that té. D6 nghiéng am phd (pink shift) pht ho'p tao ra nhan thirc vé khoang cach nguon tgi
ngudi nghe gan va xa twong duong nhau. Ghé ngoi gan can it chuyén déng vé phia truéc va ghé phia
sau can nhidu nhét. Chang ta chi mudn giam bt sur khac biét, khéng loai trir n6 hoan toan. Day qua xa sé
lam am thanh khong tu nhién (vi n6 la vay!).
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8.4.2 Phuo'ng sai khoang cach doc va ngang --
Vertical and horizontal range variance

Di chuyén truc cho thdy dé nghiéng am phé, ddy hinh anh nhan thirc di. Ngueri nghe & vi tri ONAX
va OFFAX tuong duong nhau khéng chia sé khoang cach hinh anh &m thanh tuong duwong nhau. Pink
shift cia OFFAX qua mdrc lam cho &m thanh gan ngudn nghe qué xa, 16i nhu nhau nhung nguoc lai sé
lam cho ngudn &m thanh & xa nghe lai qua gan.

Nhirng anh hudng doc truc trong tién trinh nhan thirc khoang cach déu bang nhau trong ca hai
mat phang doc va ngang. Am phé phu hop trén mét phdng doc va ngang gitp giam thiéu sy khac biét
trong pham vi da biét.

e 80" speakers of various sizes (two-way) l \I Same size speakers with varying plateaus (two-way) ]
L)
30
b Fe
240 -
g 240 Crossover rises and plateau
2 shrinks with reduced beamwidth
! e
120 -
st 15°  c— 100° -~
12 c— 80° =
L L — Crossover rises and plateau GO m— t
W8 shrinks for smaller speakers 4 —
[}
0 [ Speakers of increasing size (two-way or three-way) ] [lnereasing speaker size and waveguide depth (ofoportional)]
A0
20 Larger format waveguide
270 Beamwidth narrows as HF can decrease the
3 20 horn size rises. MF and LF minimum beamwidth
210 beamwidth narrows with
£ 180 horn-loading
1%0
120 -
% 100. — T ——
w 80_ T paE——
0" m— 5
0 30°
%J".r 125 2800 S00Mz T kHz 2 kHz & kM LR Wt I H: 1261 2590Mz SO0 Mz e 2k 4 kHz LR S 16 s
Froquency (Hz) Frequency (Hz)

Hinh 8.9 Nhirng khuynh huéng don gian vé luéng &m chuén cua loa don.

B idth shapes: Individual example sp
Frequency response over angle of example speakers 360 —50 dog (18t)
~—40 deg (2nd)
™ Y ot 3r K 330 |
e —30 deg (2nd)
(90°) (40%) (30°) (15°) ™) | No plateau. Beamwidth | —15 deg (3rd)
falls with frequency —7 deg (3rd)

Beamwidth plateau

-45°

The HF region of the third-order speakers rolis off in a
gradual tilt. First- and d-order sy duce the
HF region much more as a whole (the plateau)

63Hz 125Hz 250Hz 500Hz 1kMz 2kMz 4kMz B8kHz 16kMz
Frequency (Hz)

Hinh 8.10 So d6 lubng &m clia vai loa tiéu biu da xir dung trong sach nay. Loa bac mét va hai cé doan
béng ludng &m trong khi mé hinh bac ba la ty & budc séng (ngay cang hep theo tan sé).

FR
Sound & Lighting



Chwong 8

Beamwidth conversion to forward aspect ratio (FAR) shapes: Individual elements
90° (first-order)
FAR shape over 0 Beanr-‘ndl{\ plateau
frequency = :
125H: — Lue w0
500H: — 2 | e
2kHz 3 ~
BkHz ——— 3 | (@ «
= ° 4 || X
30° (second-order) = s | No plateau. Beamwidth |
é falls (FAR rises) with >
’g 6 | frequency
< 71 18"
g {15
| "l —G0dog (18t) |
15° (third-order) 7* (third-order) 40 dog (2nd)
—— — 10 | 30 dog (2nd)
| | 1 4 ——15 deg (3rd)
—7 deg (3ed)
12 w0 L 2 1} L 1 ! h 10
63 Hz 125Hz 250Hz SO0 Hz 1 kHz 2 kHz 4 kHz 8 kHz 16 kHz
Frequency (Hz)

Hinh 8.11 Ty 1& huéng theo tan s6 cho cung loa, d thé hién trong hinh 8.10. Luu y, su thu hep lién tuc clia
loa bac ba ré hon hinh trurée. Phia bén trai hién thi méi bd nam loa nhu tap hop hinh dang FAR phu 1én theo
tan sé. Nhirng dang bac mét trong bén giai cling twong tu nhau trong khi bac ba cho thdy sy khac biét rat
I&n.

8.4.3 Phuwro’ng sai vi tri doc -- Vertical location variance

Mot loa don ¢ 1ap s& bao dam hinh anh sé dén vi tri that té cua no (trir manh khée Itra déi). Néu
loa tang cwd'ng ngudn trén san khau, sé thay vj tri cia hinh anh am thanh & ca gitra hai nguén (Hinh 8.12).
Hinh anh theo chiéu doc phu thudc chu yéu vao mirc do; Do d6, ngudn nao trdi hon sé mang nhirng tin
hiéu dinh vi. Khi mdrc dé ti€p can d6 dong nhat, hinh anh sé tap trung va kéo dai gitra nhirng nguon. Co thé
mirc dé twong ddi gitra ngudn san khdu va loa don sé khong déi trong khu vure nghe (tir trurére t¢i sau, tor
trén xudng dudi hay tir bén nay sang bén kia). Chi c6 mét cach giam thiéu phuong sai hinh anh &m thanh
trong (rng dung nhu vay la dat loa vira gan vira that té, t&i ngudn san khau va van hanh né & mirc do
turong déi thdp. Oh . . . Va noi véi nhirng dién vién vé du an nay!

8.4.4 Phurorng sai vi tri ngang -- Horizontal location variance

Hinh anh ngang c6 ca hai, phu thudc thdi gian 1an mirc d6. Ngudn dén s¢m nhat théng trj viéc dinh
vi khi mirc do gan (hiéu (rng thir bac). Dan dau chi vai mili giay cé hiéu irng dinh vi manh, c6 thé dao
nguoc bdi mirc d6 troi hon. C6 thé dinh vi hinh anh 4m thanh gitra nhiéu ngudn bén trong ctra s6 0-7ms
va ctra s6 0-10dB. D6 bu mirc d6 hon 10dB (ving ¢b 1ap) gitr hinh anh ndm trén ngudn nao troi hon. Mot
lan nira, loa co vi tri gan do6 va hoat déng & mirc do thap rat quan trong véi phuong sai hinh anh &m thanh
t6i thiéu trong mat phang nay. Co ché nhan thirc chigéu ngang cua ching ta nhay hon dinh vi doc nhiéu.
Chuing ta phat hién phuong sai vi tri ngang dé hon doc, that té can xem xét khi phai thyrc hién thoa hiép
(Hinh 8.13).

8.5 Phuo’ng sai go’n (Chai) -- Ripple Variance (Combing)

Loa don chi nén c6 mét ngudén phuong sai gon: phan déi. Tién trién phuong sai gon clia no chay
song song vé&i nhigéu phan doi, va hiéu (rng bé sung cua nod la ty 1& ngang. Sur tién trién két thic &
crossover khéng gian (bé& mat phan déi). Bay la diém zero cho phuong sai gon (ghép néi), nhung gan vai
khu vure chai t6i da. Chiéu sau gon roi khi ching ta di chuyén xa hon va/hay néu bé mat hp thu.
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8.5.1 Phuorng sai gorn téi trwérc -- Forward ripple variance

Phuong sai gon téi trdre 1a két qua tir phan déi trén bé mat vé phia trudc (nhu twdng phia sau).
Pudng dan 1a dudng thang tir loa téi ngudi nghe, dén tudng va quay tré lai ngudri nghe. Trong that té,
dau cla ching ta sé chan dudng dan chinh xac nay nhung thi du nay nhdm muc dich phan tich dudng tre
lai tir trurGre ra sau.

Soffit over proscenium
Terrible for all seats

High UR (or low Center):
Geod for the back half

v L/R mains’ (

/ . - Speaker position effects
Deck: Greal imaging but loud =< \ on sonic image
in front, Was groovy in 1967 -

Deep delay: Higher image
but fewer are affected
Can run at lower level Main (L, C or R)

| Shallow delay: Better image

ingle but more people are

Image from main improves
gradually with listener depth

Main and delay position

tfill keeps image lov A
Frontfill keeps image low in \ effects on sonic image

the first 3+ rows

Hinh 8.12 Phuong sai hinh anh trén mat phang véi ngudn am thanh & mirc dé san khau. (A) Phuong sai
hinh anh am thanh téng I&n theo chiéu cao ctia hé théng chinh va giam di theo chigdu sau trong phong. (B)
Frontfills lam giam phuong sai hinh anh 4m thanh trong truérng ho'p cé thé xay ra tinh huéng x&u nhét trong
ghé ngbi gan. Delay c6 thé lam giam phuong sai mirc do, &m phd va gon, chi phai tra gia bang vai do
phuong sai hinh &nh &m thanh.

Center has very high
Image on the floor

/R deck fills bring the
image down for the
near sides

Fronffills improve both
hor and vert image

L/R Mains have good
image in rear and
balcony,

Vmugc improves

gradually over depth

High center mains pulls in JIB delays have minimal
horizontal but up vertical horizontal effect

Outer frontfilis improve Sidefill pulls to outside but
vertical - maybe horizontal improves the vertical

Frontfils improve both hor
and vert image

Hinh 8.13 Thi du v& phuong sai hinh anh &m thanh: (A, B) Nhirng can nhéc vé mat phang doc trong hoi
trurdrng c6 hé théng center va/hay L/R. (C) Vai trd cda loa fill trong viéc giam thiéu phuong sai hinh anh am
thanh & ca hai mat phéng.
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Ripple variance: Rear wall reflection
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Hinh 8.14 Phuong sai gon tGi trirére: Hién thi tién trién chuén cho loa d6i dién tudng phia sau.

Su tién trién phurong sai gon séng (gan khu vurc loa A t¢i sau bé mat S) la:
ONAX A (c0 1ap) => (truyén tai) => (chai) => XOVR AS (ghép néi)

Tim thdy chi mét chu ky duy nhat cho méi duérng phan déi va hiéu (rng két hop tich IGy tai vi tri
nhét dinh. Nhirng viing nay ti 1& thuan va&i vi tri nghe, lién quan dén loa va bé mat. D6 manh phan doi & vi
tri diém gitra khoang -10dB, gia str khéng bj h&p thu. Do do, tir diém giira t&i trwde co thé coi la ving co
lap. Vung chai dat t&i (-4dB) & mirc 77% (thi du: cach 77ms so v&i loa va twong & 100ms). Vung t&i trurée
n&m trong khoang tir 50% dén 77%. Néu tudng hép thu thi ving c6 1ap va vung t6i truéc sé mé réng va
vling chai sé co lai. Hé s6 hap thu 0,37 (2 dB) di chuyén viing danh dau t&i 57% va 88%, trong khi d6 0,60
(4dB) di chuyén ving téi trwé'c dén 67% va loai bo ving chai (Hinh 8.14). Ty Ié tién trién cta khu vurc trong
giai HF ludn dai hon do hao hut khéng khi, tirc 1a ving c6 1ap sé bj tiép can sau hon trong phong do hao
hut khéng khi trong dudrng phan déi. Sy hdp thu bé mét co thé 1am kéo dai su ¢o 1ap trong HF va cé thé ca
giai tan khac nira (phu thudc vao tan sé hé sé hap thu clia bé mat).
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Giam thiéu phuong sai gon t&i truéc bang sy hap thu va kiém soat mé hinh. Hép thu rat hiru ich
trong moi trudng hop. Kiém soat mé hinh chi cé hiéu qua khi ching ta c6 thé tranh duwgc bé mat phan doi
va van bao quat muc tiéu cua khan gia. Rét kho tranh bé mat phan déi trurc tiép phia sau ngudi nghe béng
cach kiém soat mo hinh va do d6 né 1a nhirng rng ctr vién t6t nhét vé hdp thu manh. Khéng may, ching ta
khong thé thiét Iap kiém soat khoang cach t&i trwrére trong loa clia chlng ta va noi véi né phai bao quat
hang ghé cuéi cung va dirng lai trwére turdng phia sau.

8.5.2 Phuro'ng sai go'n hai bén -- Lateral ripple variance

Phuong sai gon hai bén 1a két qua tir phan déi tuérng bén (mat phang ngang). N6 ¢ vai tién trinh,
c6 thé phu thudc vao do co 1ap chiung ta c6 & vi tri ONAX.

Tién trinh phuong sai gon hai bén (tr Onax dén bé mat bén)

B C6 1ap @ONAX <4dB: ONAX A (chai) => XOVR AS (ghép néi).

B C6 lap @ONAX <10dB: ONAX A (t6i trréc) => (chai) => XOVR AS (ghép néi).

W Co lap @ONAX >10dB: ONAX A (c6 lap) => (t&i trwére) => (chai) => XOVR AS (ghép néi).

Giam thiéu phuong sai gon hai bén bang hép thu va kiém soat mé hinh, ciing giéng nhu phan doi
t&i trurgre. KiBm soat mé hinh ¢6 nhiéu kha nang thanh céng hon vi né sdp x&p mé hinh bao quat cua loa
dé tha ra trurée khi cham vao bé mat dé hon. Mét bén thuan Igi nhét la twrd'ng mé xde ra phia ngoai (sanh
phia trué'c rong hon sau) vi né di theo hinh dang bao quét cta loa. Thuan lgi nhé nhét la tudng mo xoe
vao bén trong, nd chay tryc ti€p t¢i dudng lan truyén cda loa.

8.5.3 Phuro’ng sai go'n doc -- Vertical ripple variance

Phuong sai gon doc phat sinh tir phan doi dén tir bén trén hay dui. Tién trinh gidng nhu hai bén
da mo ta nhung co vai khac biét that té. Phuong sai gon doc 1a bét d6i xirng. Gan nhu chac chan ching ta
& xa tran hon san va tinh chdt am thanh ctia n6 ciing rat khac nhau. Chac chén san la bé mat cirng vi n6
phai d& khan gia. Diéu trj tinh &m tir s6 khdng dén cé trai tham, do doé chi co6 giai HF mai cé co hdi hép thu.
C6 thé pha san bdng nhirng ghé ngdi khuéch tan va nhirng con ngudi d& hép thu. Tran cé vay khéng? Co
I& khéng.

Géc cua san s& ndm trong khoang tir phdng dén xoe vao trong (goi 1a "I6m") dé tao cam giac truc
quan. Hau nhu khéng thé thure hién kiém soat mé hinh dé tiép can khan gia va tranh san. Cach tiép can
bao quat cling bat d6i xirng. Kiém soat mo hinh 1a ngudi choi thi€u s6 & bén dudi va ching ta chi yéu
dua vao hép thu. Bén trén cling, ching ta co rat nhiéu kha nang: cach gan hay xa, goc xoe trong, phang
hay x0e ra ngoai, vat liéu hap thu, phan doi hay khuéch tan. Trudng hop xdu nhét 1a gan, xoe trong va
phan déi.

8.6 Hinh dang bao quat cua loa -- Speaker Coverage Shapes

Phong cé nhiéu hinh dang khac nhau, nhung khéng thay déi theo tan s6. M6 hinh bao quat cua loa
c6 han ché bién thién vé hinh dang nhung cé tan sé bién d6i cao. Myc tiéu cua ching ta 1a lam day can
phong béng dé bao quét theo tan s, c6 thé dap rng v&i loa don phu ho'p véi hinh dang phong va co
ludng am cé dinh hay qua array loa, két hop dé tao ra ludng 4&m khong d8i. Ching ta bat dau bang moét loa
don trong churong nay va array & chuong ti€ép theo. Co nhiéu cach mé ta bao quat clia loa, da mo ta trong
phan 3.10.5. O' day ching ta ap dung né vé&i phurong sai t6i thiu.
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8.6.1 Hinh dang huwé’'ng tam -- Radial shape

Hinh dang huéng tdm l1a bao phu banh pizza, 1a duwdng cung cach déu di tir ONAXNEAR (0dB)
dén OFFAXNEAR (-6dB). Day la khoang cach lién tuc (khéng phai mirc do lién tuc). Day khong phai la
dudng hudng tdm phuong sai t6i thi6u ma la phuwong sai t6i da c6 thé chédp nhan duoc (bién déi 6dB),
didu toi t& nhat chiing ta c6 thé dirng, trudc khi goi dé dur phong. O day c6 rat nhidu phong mé. Mirc do
doc theo dudrng huréng tam tir ONAX dén OFFAX c6 thé tién trién dan qua 0-1-2-3-4-5-6dB. N6 ¢ thé la
0-0-0-0-0-6dB, 0-5-5-5-5-5-6dB hay tham chi la 5-3-1-0-1-3-6 dB dé dang. T4t ca chung ta biét that sy
OFFAX la 6dB tir murc cao nhét trong vong cung, dugc coi la trung tdm ONAX. Loa 80° la lya chon t6t
nhat cho phong 80°? Phong 80° la gi? Loa khéng phu hgp v&i nhirng phong nhu vay, ngay ca phong hinh
quat (trir khi chiing ta dat loa & dinh clia cai quat phia sau san kh&u, hu lién!). Hinh dang huéng tam
khong phu ho'p vai thiét ké phurong sai t6i thiéu cho loa don vi n6 khong lién két hinh anh véi dang
phuong sai téi thiéu.

Radial Rectangular (FAR)
OFFAXyear

Lateral
OFFAXe4n

OFFAXygan

-
——

(X
OFFAX can OFFAX ean
Radial width = 90° Depth/Width = 1.4 Depth/Width = 0.7
6 dB variance 0 dB variance 6 dB variance

Hinh 8.15 So sanh ba dang bao quat clia loa: huéng tam, ty 1& hudng t6i trerée (FAR- forward aspect ratio)
vaty I1& huéng bén (LAR- lateral aspect ratio)

8.6.2 Hinh dang té'i trwérc (ty 1&€ hué'ng nhin vé phia truéc)

Hinh dang ty 1& huéng téi truwde (FAR) phac hoa hinh dang phuong sai t6i thi€u clia loa huédng vé
phia truéc (khéng bao gom birc xa phia sau). DAy l1a hinh chir nhat (chiéu siu theo chiéu rong) cua
ONAXFAR va OFFAXNEAR. Bu&ng phuong sai t6i thiéu néi gitra nhirng diém nay va cé thé don gian hoa
du¢i dang dudng chéo nhung trong that té€ vat ly la bién thién va cd nhiéu kha nang lam tron lai (Hinh
8.15). Hinh dang loa va hinh dang phong lién két qua ty 1& huwéng, loa 2:1 ¢c6 thé phu hgp véi phong 2:1
(loa 60 ° & phong 60 °). FAR gilp ching ta dua cai chét vudng vao 16 vudng va cai chét chir nhat vao 16
chir nhat khi thiét ké hé théng cho ching ta.

8.6.3 Hinh dang bén (ty 1é hué’'ng bén)

Hinh dang bén 1a duédng bao phu dudng thang tir ONAX dén OFFAX. Budng nay khdng cach déu
nhau (nhu huéng tdm) hay mirc dé cach déu (nhu FAR) vi chlng ta dang di chuyén cach xa loa khi chiing
ta tiép can vj tri OFFAX. Do d6 dat t&i diém -6dB béng su két hop hao hut cua huédng tam va téi truée.
Hinh dang bén c6 lién quan dén thiét ké phurong sai t6i thiéu khi hinh dang ngudi nghe 1& duéng théng
bén v&i chiéu sau t6i thidu ding sau chd bt dau pham vi bao quat (thi du: loa frontfill). Chiéu réng bao
quat cuia loa phai (it nhat) phu hgp véi chidu réng ngudi nghe.
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Pham vi bao quat la quy cach phuong sai t6i da c6 thé chdp nhan dugc, tirc 1a 0dB dén -6dB. Néu
chiing ta mudn bao quat 3 mét chiéu rong khan gia, ching ta can c6 chiéu réng loa t6i thiéu 3 mét. Lam
sao ching ta c6 dugc 3 mét chidu rong loa? Tat ca déu lam didu do. Mot noi nao do. Chi can tiép tuc di
chuyén ra sau cho dén khi ban nhan duoc n6. D6 la chirc nang clia chigu sau/réng (xem hinh 3.41).

8.7 Hinh dang phong

Khuynh huéng moi ngudi thuérng nghi, mét phang ngang va doc don gian chi la hai phién ban
clia cuing cau chuyén. Cach tiép can cua ching ta vé bao quat gay &n tuong that t€, day 1a nhirng dong vat
khac nhau. Sy khac biét chinh 14 lam sao ching ta tiép can dugc véi moi ngudi. Trong mét phang ngang,
chiing ta cay vlng bao quéat qua nhirng hang ghé phia truéc, di t&i hang sau. Con duwdng lan truyén chay
qua hinh dang va su két hop gitra bao quat va hinh dang khan gia rét quan trong. Ching ta muén c6 pham
vi bao quéat du réng dé vurot qua hang ghé dau, trong khi cung lic & phia sau khéng tran qua nhiéu. Digu
nay c6 thé yéu cau mot hinh dang thda hiép, can bang dui va trén ludng am. Nguoc lai, mat phéng doc,
chi c6 mét ngudi (ngoai trir tré con). Ciing chang quan trong néu do bao quat qua hep trong khéng khi trén
khan gia hay néu c6 qua nhiéu ving bao quat dudi ho trong tang ham. Ching ta chi can dat mét dudng
bao quat, tham chi & mirc dé tai nghe dugc. Chlng ta danh gia hinh dang theo nhiéu cach co ban khac
nhau va xtr dung nhiéu phién ban loa khac nhau dé 1ap day né.

8.7.1 Chiéu ngang -- Horizontal

DPanh gia hinh dang ngang duéi dang cirng, la thing chira dé 18p day. Hinh dang muc tiéu la ban
v& chd ngdi cua khan gia (chir khdng phai tudng). Hinh dang vi mé la chigu sau (chigu dai tir loa dén ghé
cudi), theo chiéu rong. Goc nhin clia loa don sé c6 dang nhu sau: khoang cach dén ghé cudi so véi chiéu
rong clia khan gia & chiéu sau diém gidra (mid-point). Hinh dang bao quat cua loa mudn ti€p can ty 1& chiéu
rong nay.
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Hinh 8.16 Thi du vé cach danh gia hinh dang theo chiéu ngang va doc: (A) Dang bao quat doc, néi tir hang
ghé trén cung sang dudng truyén cua frontfill theo dd déc don. (B) Céach tiép can déc don, ap dung cho
phong c6 balcon twong déi ngén. Balcon sau doi hdi su tach biét. (C) Banh gia bao quat ngang béng hinh
dang FAR cho hinh chir nhat va (D) hinh thang. (E) Hinh dang quat qua réng, khdng thé bao bang loa don.
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Dé danh gia muc tiéu chd ngdi hinh chir nhat nhat vi chiéu rong & dau, gitra va cudi déu giéng
nhau. Phong né& réng (hinh thang) xtr dung dé réng di€ém gidra va bién thé chung quanh hinh chir nhat co
ban. Phong hep, hinh quat cé thé tiép cén theo cach nay, nhung hinh quat réng khong thé dé mo ta nhu la
c6 chiéu réng diém gitra. Co6 thé danh gia né theo do dai bang goc hudng tdm, nhung céach tiép can nay
chi c6 hiéu qua déi véi mét loa don dat & dinh cua céai quat. D6 1a déng sau san khau, vay nén quén
chuyén dé di. Néu hinh dang quat tréng giéng nhu (rng ctr vién xdu cho hinh chir nhat gan giéng thi dé co
thé la (rng cur vién xau cho loa (twong quan hiru ich).

8.7.2 Chiéu doc -- Vertical

DPanh gia hinh dang doc giéng nhu duwdrng bao quat, chay tir hang ghé trudc dén ghé cudi cung
(Hinh 8.16). Hinh dang muc tiéu la chiéu cao cua khan gia (khéng phai la khéng khi & trén hay duéi san).
Panh gia hinh dang bing goc d6 bao quét va ty 1& pham vi (ghé trén dén ghé dudi). Néu hinh dang qua
phirc tap dé danh gia theo cach nay thi d6 c6 thé la mét (rng ctr vién xdu cho loa (twrong quan hiru ich).
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