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Hinh 4.15 Biéu twgng vliing cong &m, hién thj giong nhu bl thai gian hon 1a bu mirc d6

4.2.2.1 Budong ghép va khong ghép -- Coupling and Uncoupling Lines

bay la biéu twgng khac, gilp hinh dung cdng &m thanh hai thanh phan trong khong gian (Hinh
4.16). B4t dau bang hai chdm ngang, dinh kém n6 vao trong vong tron vang dam va thém hai duédng thang
dirng va ngang. D4u cham la ngudn, duéng thang mau xanh 1a huéng cia ghép néi t6i da, dudng ngang
mau do la hudng cuia ghép ndi t6i thiéu va ving mau vang dam la nhirng diém gitra nhirng thai cuc nay.

Coupling line
=

Oms offset
>0 ms,
< X ms offset
Uncoupling line
22 e}

X ms offset

Hinh 4.16 Biéu twgng khdng gian cdng am cho thdy dudng ghép va khdéng ghép

Day la quan hé da bao dam cho hai ngudn phu hgp. Méi vj tri trén duérng ghép (mau xanh, doc) ¢
bu mirc dé 0dB, bu théi gian Oms va bl phase 0°, chay dén vé tan va xa hon nira. B6 1a cong 4m +6dB
mai mai. Puong khong ghép (mau dd, ngang) khong bao gid phu hgp véi mire do hiéu suét, vi sy dich
chuyén gitra nguon lam ra bu mdrc d6, bu thai gian va bu phase. Theo hudng nay, ching ta biét, cong
thém c6 thé 1a bét ctr cai gi nhd hon, nhung khéng béang +6dB. Chung ta chi chura biét nhé hon bao nhiéu.
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Pudng nay gitr sur khac biét vé mirc dé cao nhét cé thé, bu thdi gian, va bu phase v6 han. D6 bu trong
vling mau vang gitra thai curc nay nam gitra cyrc tiéu va cyc dai.

Hay dat vai thi du vé khoang cach gitra nguon: 1ms. Ban co thé khong nghi sé ldy 1ms lam thuéc
do khoang cach. Thuan Igi r6 rang, vi néu khéng ching ta phai lam phép déi ruorm ra tir 0.344 mét & 20°C
hay bt c(r cai gi vao s6 dé cho ching ta biét sé xay ra cai gi: thai gian bu. Bang cach dung ms, ching ta
c6 don vj khoang céach, cho phép bu théi gian va bu mirc d6 ma khong can chuyén déi. Bong lai vy viéc!

Hay ti€p tuc véi hai ngudn cach nhau 1ms. Khdng c6 gi méi trén dudrng ghép néi (van khéng co
bu). Doc theo duwdng khong ghép, co khoang bu thdi gian ¢é dinh (ngac nhién!) 1ms. Diéu nay ding cho du
chiing ta di ra ngoai bao xa: 2ms-1ms, 3ms-2ms, 4ms-3ms tat ca d&u mang lai cling cu tra I&i. Bu phase
cling ¢6 dinh & bét ky tan s6 cho trud'c nao, nhurng khac nhau cho méi tan s6. D6 bu phase la 36° tai
100Hz (ghép), 180° & 500Hz (dip1) va 360° tai 1kHz (peak1). Bu mirc dé thay déi theo khoang cach vi thiét
lap n6 bang ty 16 mdrc d6. N&u ching ta do 1ms so v&i ngudn gan, ngudn xa la 2ms. D6 1a hai lan khoang
cach (xa 6dB). Xa hon nira, ching ta nhan thay diém dén 1a 9ms va 10ms (cach nhau 1dB). No tiép can,
nhung khdng bao gid dat t&i bu mirc d6 0dB, nhung luén duy tri cach xa 1ms ding luc.

Right Acute
....... A‘......_..'I.s.osceles

Hinh 4.17 Hinh hoc cong 4m khong gian: phép tam giac dac

Vivay, & do n6 la: Pudng ndi (+) chia dén nhirng diém nghe I&n nhat va dudng khéng ghép (-)
dén yén ldng nhat. Vung mau vang gitra duéng thang cuc han doi héi tha thuat giai ma mai: tam giac dac.

4.2.2.2 Phép tam giac dac -- Triangulation

Hinh tam giac 1a hinh dang co ban céng &m hinh hoc cho hai loa (Hinh 4.17). Chlng ta tiéu chuén
héa nhirng goc nhur (A) ngudn 1, (B) ngudn 2 va (C) vi tri nghe. Budng truyén dan dén ngudi nghe la AC
va BC. Tim ra mdrc do va thai gian bu béng cach so sanh chigu dai duéng dan.

B MGc bu =20 x Log10 (AC/BC).

B Thai gian bu = AC - BC.

Mirc do bu lai xtr dung phép giai ma mirc do log/tuyén tinh. Tim ty 1& pham vi (AC / BC) va doc
bang chuyén déi. Thi du: AC = 100ms va BC = 90ms, ti 1& 1a 1.1 (1dB). Thai gian bl 1a phép trir don gian
(100-90 = 10ms). C6 thé rat ra dap trng tan sé tai C chi bang thong tin nay (va né khéng dep).

Chung ta xt&r dung bon loai hinh tam giac: can, vudng, nhon va tu (isosceles, right, acute and
obtuse). Tam giac cén hai canh c6 chiéu dai bang nhau. Buéng dan bang nhau la dudng truyén dan dén
ngudi nghe (AC = BC). Diém cua ngudi nghe da quen thudce véi ching ta: N6 ndm trén dudng ghép (+).

Néu ching ta chon khoang cach tir ngudn va di chuyén bang ban kinh tur trung tam (+) ra bén

ngoai, ching ta sé tién hanh qua bon loai hinh tam giac (hinh 4.18) va cudi cung dat dén duorng ngang cua
ghép nai t6i thiéu (-).
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Triangulation: Summation zones
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Hinh 4.18 Phép tam giac dac viing céng &m

B Tam giac can (+): Ngudi nghe (C) nam gitra A va B (AC = BC).

B Tam giac nhon: Ngu&i nghe (C) ndm gitra A va B (AC # BC).

B Tam giac vuéng: Ngudi nghe (C) ndm théng truréc mat A (AC # BC).

B Tam giac tu: Ngu&i nghe (C) nam ngoai A va B (AC # BC).

B Duong khéng ghép (-):Ngudi nghe nam trén duorng AB (AC # BC).

Mirc d6 bu va thai gian bu ting 1én & mbi buée. Tuy nhién, téc dé thay déi khong déng déu, giam
khi di chuyén qua tién trinh. Chling ta sé xr dung tam giac vuéng lam diém danh diu dé phan tach nhirng
vling dé bat 6n dinh, thay d6i nhanh, tir khu vure 6n dinh hon ¢6 t6c do thay d6i cham hon. N6 khong phai

la tinh ch&dt &m thanh b&m sinh cua tam giac vuéng ma la hinh mau don gian, that té: d6 1a chd ma chang
ta co thé tim ra.

Hay thiét 1ap thi du (Hinh 4.19): Hai nguon (A + B) dat cach nhau 10ms. Ngu'di nghe (C) sé di
chuyén trong vong 180° chung quanh A & khoang cach 5ms. Ching ta bat dau trén dudng AB & gilra va
két thuc & dudng AB & bén ngoai. Biém trung tam la ghép ndi 100%. M&i vi tri khac trén dudng cung tron
dat ngudi nghe xa hon vai B, nhung ty 18 thay déi gan trung tam lai I&n nhat, va nhoé nhét 1a & thai cuc bén
ngoai. Biém gilra 1a khi nghe trurc ti€p & phia trwé'c cua ngudn A (90° tir dudng AB). Ban dang & tam giac
vuong. Tur tam giac vudng bén trong (khu vure goc nhon) dap trng tré nén dé bat 6n dinh hon va chung ta
di chuyén vé phia vling chai song. Tur tam giac vudng ra bén ngoai (tam giac tu) dap (rng it 6n dinh hon va
chung ta huéng n6 vé phia ving co 1ap.

bay la so liéu thong k&, nhung chiing ta khdng thé tranh n6. Tuy nhién, ching ta cé thé thyc hién
nhiéu bu¢c dé t6i uru hoa sy ddng nhét trén khéng gian bang cach xur dung loa dinh huéng, nham huéng
dung va khoang cach thich hgp cho né. Bat ky ngudn thay thé nao sé co ty 1&é thay déi I6n nhét trong ving
goc nhon, nhung chiing ta chi roi vao vung chai néu dé bl phase qua cao va ¢6 lap qua thap. Ching ta xtr
dung khoang cach va canh vat xéo dé tao ra sy co lap theo mirc dé khi khéng thé danh bai bu phase.
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Hinh 4.19 Thi du vé tam giac dac ving céng am
4.2.2.3 b6 bu buéc séng -- Wavelength Offset

D6 1a sy chac chan vé mat hinh hoc ma chi ¢6 vi tri Idng nghe & dinh tam giac can sé bang nhau
va c6 thé dong bd. Chi con la van dé thai gian cho dén khi chiing ta roi vao trwd'ng hop bi triét tiéu khi di
chuyén khai trung tdm. Chinh xac hon, dé khéng phai la van dé thai gian - do 1a van dé phase. Delay
tuong d6i dan dén sy khac biét vé phase trong déi so véi tan s6. Bat dau tén that khi phase tuong doi
vurgt qua ngudng 120°. Ching ta co6 thé dyr doan sur phan bé khéng gian cua peak va dip néu biét dugc
sy dich chuyén va tan sé. Yéu t6 quyét dinh Ia ty 1& dich chuyén ngudn sang buéc song. Dich chuyén cua
1A v& mét birc hinh trén khdng gian. Dich chuyén cla 2A vé ra cai khac. Ty |é nay la tan sé doc lap. Sé vé
birc hinh twong ty & tan s6 1kHz 1a 100Hz, vai diéu kién sy dich chuyén sé ma rong tuong (rng khi tan
s0 giam.

4.2.3 Lién két vung c6ng am phd va khong gian --

Linking the spectral and spatial summation zones

Nh¢ lai tién trinh cdng Am pho hai phan tir tiéu chuédn: ghép néi (peak0) vai chai (dip1, peakl, dip2,
v.v). Tién trinh lién két A&m pho tiéu chuén nay lién quan dén sy phan bé khong gian. Trong ca hai trwdng
hop, khoang th&i gian va mirc dd bu cho phép tao ra mét birc hinh chuén. Trong ca hai truérng hop, mé
hinh ty & can bang (hai lan th&i gian bu va mét nira tan s8). Thi du, mé hinh Am phé trong bu thi gian
1ms tai 1kHz bang 2ms tai 500Hz. Xay ra diéu twong tu trong khong gian: Mé hinh khéng gian cho 1ms
thoi gian bu & 1kHz la gidbng nhu 2ms & 500Hz. Vé dep cla diéu nay la ching ta cé thé chup hinh quang
phé, cho né dd cong va né lam ra birc hinh khéng gian (Hinh 4.20).

Hay chuyén chd 1kHz @ 6A:

B Buéc 1: Ghilai dap (rng tan sé tong ho'p 1a Oms + 1ms (giéng nhu hinh 4.13C). Digu nay dat
banh xe vong quay & t6c do 1kHz. Xén biéu dé bién d6 dap trng tan s6 bao gom 6 kHz va thap
hon, va thay thé tén tan s6 bang peakO0, dip1, v v. N6 s& c6 ghép ndi & bén trai, dip1 & gitra va mot
ntra peak1 & bén phai.

B Budc 2: Danh dau tan s6 thdp nhat (OHz) lam curc 0° va tan s6 bén trén (1kHz) lam curc 90°.

FR
Sound & Lighting



Cong am
W Buéc 3: Bé cong dap (rng tan sé trong vong cung dé OHz & dau va diém 1kHz 90° sang bén
phai. Bay 1a mé hinh cuyc cho goc phan tu. Peak0 & 0°, dip1 & 45° va peak1 & 90°.

W Budc 4: Sao va dan hinh d6 vao ba phan vong tron kia. Bay la mé hinh cyc hoan chinh & 1kHz
cho mét cép ngudn da huéng cach xa nhau 1ms.

Displacement: 0.5%

Displacement: 1.0 A
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Hinh 4.20 Cong am am phd va khdng gian, lién két béi bu buée sdng

Ciing tao ra chinh blc hinh nay néu ching ta x&r dung 500Hz @ 2ms hay 2kHz @ 0.5ms. Chu dé
pho bién la ngudn cach xa 1A. Khi ching ta thdy dip1 hay peak1 trong dap (rng tan s6 cua bd phan tich,
ching ta biét minh dang & dau trong phong. Tao ra blrc hinh khac cach xa 2\ nhung ching ta van cé thé
nhin thdy khong gian tor &m phé (va nguoc lai). Ngudn cach xa 2\ & 1kHz (thdi gian bu 2ms) tao ra dap
(rng &m phé co6 3 peak (pk0 dén pk2) va 2 dips (dip1 va dip2). Peak0 van & 0° (trung tam), pk1 la 45 ° roi
trung tdm va pk2 sé chiém ranh cuc khoang 90°. Dip sé dét & 30° va 60° turong (rng. Moi cai déu ém di,
thay rd trong dap (rng &m phd va khdng gian.
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Angular location of peaks and dips (2 element summation)
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Hinh 4.21 Phan bé goc cta cdng &m khdng gian (peak va dip) cho hai phan tir bang cach bu buéc séng

Day la lién két quan trong. Thai gian bu gitra ngudn lam tang dap (rng &m pho va dap rng khéng
gian. Thai gian bu nho 1am giam thiéu mat do chai trong ca hai mign: &m phd 1an khong gian. Chung ta luén
c6 thé dém trén peak0 & trung tdm, bao dam ghép ndi. Dat ra cau hdi la ching ta can di chuyén bao nhiéu
do6 (khong gian) trurdre khi tim ra dé rong cua octave (peak1). Néu chi di mot vai do, ching ta biét nguén co
nhiéu A va hy vong giam chai duy nhét la phai di dén vling cach ly (co 1ap) that nhanh.

Mot cap ngudn nhét dinh sé cé gia tri bl thdi gian duy nhat (gia str nhirng phan tir d6i xirng phu
hop). Thoi gian bu trén tan s6 chuyén déi sang bu phase, ma diéu khién hinh dang mo hinh. Mét cach thé
hién thoi gian bl gitra ngudn khac la dich chuyén buéc song, thi du: Hai loa cach xa nhau 1kHz (Hinh
4.21).

4.3 Crossover am thanh -- Acoustic Crossovers
4.3.1 Binh nghia crossover am thanh -- Acoustic crossover defined

Dinh nghia crossover am thanh: 1a diém két hgp nhirng tin hiéu twrong quan & mdrc d6é bang nhau.
Trong hau hét truong hop, day la ca hai, giai tan s6 cu thé 1an vj tri trong khong gian. Crossover &m thanh
la dworng ndi cOng Am quan trong nhat. N6 mang lai lgi ich I6'n nhét khi "dong phase" va hau hét 1a bi "léch
phase". Vi tri crossover, cho du | tan s6 hay ché nao do trong phong, xac dinh béng do binh dang vé chia
sé mirc do. Bat cir chd nao A gdp B & mirc do ngang bang nhau la crossover. Quan hé phase la bién thé
phéng tang: 1a cai ching ta phai thuan héa dé lam ra chirc nang maéi néi cong am nay.

Hay thém thuat ngir bdng cach chia thanh hai loai. Crossover &m thanh &m phd c6 mirc do bang
nhau & giai tan s6 cu thé, cong nhirng driver lai, bao gébm nhi&u giai tan s6 khac nhau, chia ra bang cach
chia tan s6 (&m phé) (phan 2.4.4). Crossover am thanh khéng gian c6 mirc d6 bang nhau tai méi vi tri trong
khong gian. Bay la cong &m ngudn bao gom chia khéng gian thanh giai tan s6 chung (loa va xtr ly channel
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riéng). X&r dung mét ngdn nglr cho tinh nang tuong ty cua ca hai loai va nhirng giai phap lién quan sé dé
hiéu hon.

Nhirng vung céng &m la chung cho ca hai loai. Muc tiéu chinh la d&t crossover &m thanh trong
vlng ghép néi. Bua ra muc tiéu thir yéu khi khong thé duy tri ghép néi: Ti€p can vung co 1ap cang nhanh
cang t6t. Filter thurc hién digu nay sé cho phép crossover &m phé, trong khi diéu khién huéng, gobc mo va
khoang cach quan ly crossover khong gian. Trong ca hai trud'ng hop, chiing ta ¢6 giam thiéu nhirng vung
chai va chuyén tiép.

4.3.2 Tién trinh vung céng am

Nhirng viing cong am di theo vai tién trinh crossover tiéu chudn (Hinh 4.22).

Hay thém A + B va di theo né.

B Budc 1 (ghép ndi (AB)): Loa cé it hay khdng co diéu khién huéng ndm trong khoang cach rét
gan, thi du: Array loa subwoofer.

W Budc 2 (ghép néi (AB) dén triét tiéu (AB)): ghép ndi & phia truére, triét tiéu phia sau. Xur dung
viéc nay nay trong array cardioid.

B Budc 3 (co 1ap (A) dén ghép ndi (AB) dén co lap (B)): Rét co thé dat dugc khi crossover am phé,
nhwng khi crossover khong gian full-range kho hon nhigu. Khi tang tan sé Ién, ching ta c6 thé thay
nhiéu khu vuc roi vao ving chai va chuyén tiép, véi muc tiéu that té la giam thiéu, khong phai la
loai bo.

W Budc 5 (co lap (A) dén chuyén tiép (AB) dén ghép ndi (AB) dén chuyén tiép (BA) dén cb lap
(B)): C6 thé thyrc hién trong nhirng array ghép chét ché néu goc bao quat cung cép du do co lap dé
tranh chai.

W Budc 7 (co lap (A) dén chuyén tiép (AB) sang chai (AB) dén ghép ndi (AB) dén chai (BA) dén
chuyén tiép (BA) dén c0 1ap (B)): tién trinh day dd. K&t qua la khéng thé thurc hién co 1ap trude khi
bat dau chai. Trong HF, day thudng 1a lya chon doc nhét.

C6 thé xem xét do thanh cong theo ty 1& phan tram tiéu hao cua tién trinh trong viing chai song. D6
tién trién v&i vung chai nhiéu hon vung ghép ndi va/hay co 1ap sé co ty suét thap.
4.3.3 Phan loai crossover

4.3.3.1 L6ép -- Class

Pau tién chung ta phan loai crossover bang ba két qua cé thé sang cong am: Khoang crossover
bang, I&n hay nho hon khoang céach riéng cla tirng phan tur (Hinh 4.23).

Lép crossover

B Do6ng nhat (Unity): Mdrc dé qua crossover phl hgp vai mirc co 1ap (A + B = 0dB @XAB).

B Chong chéo (Overlapped): Mlrc dé qua crossover cao hon mirc c6 1ap (A + B > 0dB @XAB).
B Khe h& (Gapped): Mirc d6 qua crossover thdp hon mirc ¢6 1ap (A + B < 0dB @XAB).
4.3.3.2 b6 déc -- Slope

Danh gia d6 doc crossover theo thir bac filter: Bac maét, bac hai, v.v. B6 doc téng 1én khi thir bac
tang 1én. Crossover &m phé nay dé cap dén filter, trong khi v&i crossover khéng gian thi sy phan biét lién
quan dén mo hinh bao quat cua loa (mirc d6 bao quat chat hon thi thir bac cao hon).

FR
Sound & Lighting



Cong am

4.3.3.3 BGi xirng -- Symmetry

Chung ta phan loai crossover déi xirng bang hai két qua c6 thé: déi xirng hay bat d6i xirng.
Crossover 4m phé c6 thé co6 do dbc bat d6i xirng hay filter topology. Crossover khong gian co6 thé bat déi
x(rng tuy theo model loa, gébc md, mirec d6 va nhiéu nira.

4.3.4 B0 chia va crossover am phé -- Spectral dividers and spectral crossovers

Hay thurc hanh vé loai crossover 4m phd c6 thé thdy trong hé théng loa hién dai. Ching ta mot 1a
két hén vai hai driver da s6ng cung nhau trong cing mét thung, hay sap xé&p driver cho loa chi mé&i gap.

CA&u hinh vat ly driver (A va B)
B Két hop co dinh: ty 1& cd dinh cla trinh diéu khién A va B, vi tri da biét, cing moét thing.
B Sy két hop bién déi: ty 1& bién cua driver A va B, vi tri khdng xac dinh, thung riéng biét.

V&i két hop ¢6 dinh ching ta phai d6i mat véi nhidéu mirc hd tro khac clia hang san xuét.

Crossover classes Crossover slope Asymmetric slope and level
Overlap: A+ B> 0 dB @ XAB
--------- First-order (6 dB) Asymmetric slope
Unity: A+B=0dB @ XAB Second-order (12 dB)
W B A >< B
Gap: A + B <0 dB @ XAB Third-order (18 dB) Asymmetric slope and level

A\/ B A

Spectral acoustic crossover: Component acoustic responses

Amplitude s | crossover region 2 0\;9!189 classvcrossovev‘
(Couniine 2one) oupling zone since the pr:ase
. responses are within 120
Transitions to isolation zone.

LF only (Isolati n HF only (Isolation
¥ (Holton Zowe) Y (Walatlo Crossover slopes are the result of
combined acoustical and electronic

esponses.

Matched phase at crossover is the
result of combined mechanical,
acoustical and electronic responses.

Phase responses are unmatched
above and below spectral crossover
due to acoustical and electronic
responses.

500 1.0

Frequency (Hz)
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Spectral acoustic crossover: Combined acoustic response

Amplitude 3 Coupling zone: substantial addition
Spectral crossover region above the component levels in
(Counling zone) M Addddald, crossover area.
vl T Isolation zone: Minimal change.

LF only (Isolation zone) ™ p=n" Peaked amplitude response around
; crossover due to overiap.
This can be equalized.

Matched phase responses at
crossover combine to create a sin%le
seamless response. The spectra
crossover point is not easily detected.

Phase responses above and beloz
1 feind an

I
retain their original character.

500 1.0k

Frequency (Hz)

Spectral acoustic crossover: Component electronic responses

+30d8 - - .
; Amplitude Acoustic crossover Electronic crossover ro::g %fg g&’:vggm""fmpg‘m -
ko (900 Hz) (1600 Hz) acoustic crossover shown previously.
+10¢8 E o This frequency range has 10 dB o
v isolation in the acoustic response due
0de o asymmetry between the drivers.

HF only (Isolation

Slope responses and levels are
asymmetric to compensate for the

I
I
LF only (Isolation zone) |
I
| driver asymmetry.

The unmatched electronic phase
responses at 900 Hz create the

previous acoustic measurement.

Matched phase responses at the
electronic “crossover™ area will not
ensure an acoustic match, The acoustic
{ ! response is the combination of
500 1.0k 2 0k mechanical, acoustical and electronic
responses,

1
|
i
|
!
I /
A matched phase responses seen in the
|
|
|
|
!

Frequency (Hz)

Hinh 4.24 Thi du crossover 4m phé hién thj dap irng &m thanh va dién tir, riéng va két hgp tirng loai.

C4u hinh dién tir caa channel A va B cho ¢6 dinh

Két hop

B Co dinh: Cai dat khdng cho ngudi dung thiét 1ap.

B D3 lap trinh: Gia tri mac dinh tr nha may, da nap vao crossover (hy vong dung).

B Dé xuat: Cai dat nha may dugc 1ap trinh bdi ngudi dung vao b xtr ly (yéu cau nhiéu hon 6dB).
B Hay tu nght cho chinh ban: thoi gian cowboy!

Phan tich crossover clia két hgrp nhiéu driver ¢6 dinh c6 thé chi la quy trinh xac minh khi xtr dung
cai dat géc, lap trinh hay dé xuat. Khi khéng dua ra huéng dan nao, ching ta can danh gia tirng yéu t6 va
lya chon (Hinh 4.24).

Chung ta cling ¢6 vai mirc dé hé trg tir hang san xuét cho sy két hop bién déi, nhung c6 rét nhiéu
diéu chua biét, khi€én ching ta can phai tuy chinh nhiéu hon. Chlng ta sé xtr dung thi du dién hinh, viéc két
hop clia thung sub va thung full-range v&i goi y cai dét cia hang san xuét la 100Hz (Hinh 4.25).
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Can nh3c crossover cho driver thay déi
Két hop

B SO lrgng turong d6i anh huwd'ng dén tan sé crossover (thi du, co thé Ia hai sub c6 mét dinh (top)
hay nguoc lai). Cuén cam nang crossover roi lai giam n6. Co thé diéu chinh mirc dé cho phu hop
v&i 100Hz.

W Hiéu qua cla driver anh hud'ng dén tan sé crossover (thi du: ¢6 thé it (hay nhiéu) sub & tan s6
100Hz) hon. Cudn cam giam crossover roi nang nd. Co thé diéu chinh mirc do.

B Vi tri driver anh hudng dén thoi gian bu gilra driver (thi dy: sub c6 thé & gan (hay xa nhau hon)).
C6 thé thiét lap delay dé phase dinh vi crossover.

B Su khac biét vé dap (rng cla driver anh hugng dén bu phase & crossover. Phase sdp xép
crossover bang delay.

B Giai tan cua driver anh hudng dén do choéng chéo khi crossover. (Thi du: sub va full-range chia
sé 60Hz dén 120Hz cho nhau). EQ c6 thé ha diém peak cdng trong vung chdéng chéo hay filter LPF
va HPF cd6 thé giam dé chong chéo dé tao ra sy dong nhat khi crossover.

4.3.4.1 Crossover am phé déng nhét -- Unity Spectral Crossover (LF + HF)

Crossover déng nhét tiéu chudn dua hai phan LF va HF vao nhau & -6dB, bu phase 0° (Hinh 4.26).
C6 nhiéu loai két hop d6 déc va két hgp cau tric lién két (topology) co6 thé dat dén dieu nay. Cau trac lién
két don gian (va phd bién) nhét la Linkwitz-Riley (L-R). Tinh ndng don gian 1a xac dinh tan s6 & cét diém -
6dB (hau hét filter khac xir dung diém -3dB). Néu da chon tan s crossover, quy trinh nay sé mat sau buéec.

Tao crossover da ting cudng dé déng nhét bang filter L-R (LF + HF)
B Xac dinh mirc do tham chiéu: 0dB.

B Diat cutoff ca 2 channel LF va HF sang tan s6 dich (thi du: 1kHz).

B Khién tirng loa va quan sat dap (rng am thanh cua tirng channel riéng.

B Diéu chinh mirc d6 twong d6i cho dén khi n6 khép véi vi tri crossover (giam am I6n hon xuéng).

Quantity effects on crossover frequency

/XOVR= 100, 140, 170, 200 Hz

1, 2. 3, 4 subwoofers

6 dB/div

A—

32Hz  125Hz  500Hz  2kHz  8kHz

Hinh 4.25 Hiéu (rng s6 lugng trén tan s6 crossover (subwoofer so véi hé chinh)
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No LPF or HPF
LF + HF = Overlap XOVR
| 6 dB/div |
25 Hz 40 Hz 63 Hz 100 Hz 160 Hz

Phase

60°/div ) ~J

Linkwitz-Riley 24 dBl/octave @ 100 Hz

LF + HF = Unity XOVR \
| 6 dB/div |
25 Hz 40 Hz 63 Hz 100 Hz 160 Hz
Phase
\'\
| 60div |,

Hinh 4.26 Thi du chdng chéo va crossover am phd ddng nhét

B Diéu chinh phase tuwong déi cho dén khi n6 khép vai vi tri crossover (delay cai nao so¢m hon).

B Khién ca hai channel cung nhau. Dap (rng téng hop phai pht hg'p v&i mirc do danh dinh va cao
hon dap rng riéng 6dB tai crossover.

Nhirng viéc trén van dang, bat ké filter L-R chinh xac ra sao, vi tan s6 cat déu la diém -6dB trong
moi trud'ng hop. Lura chon filter thay d6i dap (rng bién do chung quanh tan s6 crossover nhurng khéng phai
chinh tan s ctia n6. Néu thay déi thir tur (hay tao ra bat d6i xirng), c6 thé can diéu chinh bu phase va quan
sat hanh vi chung quanh crossover dé thdy cdng 4m nhe nhét.
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Nhirng filter topology khac (LPF, HPF, Bessel, Butterworth, Chebyshev tiéu chuén, v.v) doi hoi lam
viéc thém vi n6 xtr dung -3dB nhu 1a cét dic trung. LPF da xac dinh & tan s6 100Hz ¢6 cung dé déc -3dB
cho d6 déc bac nhat 1a bac tam, nhurng khac nhau & diém -6dB. BE dat dugc -6dB & 100Hz, chung ta can
dat LPF du6i 100Hz, vi tri chinh xac sé thay déi (gan 100 Hz khi tang filter 1én). HPF cling c6 tinh hinh
nguoc lai. Khi thiét 1ap dién tir ¢6 thé tao ra khoang tréng, nhu 80Hz (LPF) va 125Hz (HPF), that sy c6 thé
tao ra crossover dong nhat. Khi tang filter Ién, khoang cach gitra diém thiét lap dién tir co lai nhung khong
bao gid' xuéng dén mirc khong. Khi xtr dung céu trc lién két bat déi xirng va/hay filter, chiing ta phai cha y
dén tirng vung & moc -6dB.

Tao crossover ddng nhét bang filter topology khac (LF + HF)
B Xac dinh mirc do tham chiéu: 0dB.

MW Dat tan s6 cat cho ca LF 1an HF vuot quéa tan s6 muc tiéu mét octave (thi du: 2kHz cho tan s6
thap va 500Hz cho HF). Biéu nay r&i khdi khu vure khong co hiéu rng filter crossover ty do dé
tham chiéu.

B Khién méi loa va quan sat dap (rng &m thanh cla tirng channel riéng.

B Diéu chinh mirc d6 twong d6i cho dén khi n6 khép véi vi tri crossover (giam am I6n hon xuéng).
B Di chuyén tan s6 cat LF xuéng cho dén khi dap (rng giam xuéng 6dB tai muc tiéu crossover.

B Di chuyén tan s cat HF cho dén khi dap (rng giam xudng 6dB tai muc tiéu crossover.

B Diéu chinh phase tuwong déi cho dén khi n6 khé'p vai vi tri crossover (delay cai nao s¢m hon).

B Khién ca hai channel cung nhau. Dap (rng téng hop phai pht hg'p v&i mirc danh dinh va cao
hon d4p irng riéng 6dB tai crossover.

4.3.4.2 Crossover am phé chdng chéo --
Overlapped spectral crossover (LF + HF)

Thudng xtr dung crossover &m pho gitra nhirng 16'p chdng chéo dé két hgp loa subwoofer va
thung loa full-range, cé thé cung chia sé giai tan tor 60 dén 120Hz (coi hinh 4.26 m6t lan nira). Quyét dinh
khi nao xur dung crossover chdng chéo va & dau thay vi crossover dong nhét khong rd rang 1am.

Can nh3c crossover chdng chéo va ddng nhat
B Chong chéo tang hiéu suét va headroom & pham vi anh hudng (driver lam viéc cling giai tan).

B Chong chéo lam hep mé hinh bao quat (cho du c6 muén diéu nay hay khéng, phu thudc vao tinh
hudng).

B Chong chéo co thé lam tang d6 chai (combing) & vai vj tri (con nhiéu hon nira néu dat loa xa
nhau).

B Chong chéo gilp hinh anh 4m thanh van lién két v&i &m pho (nhirng channel loa sub khdng
tach biét khoi hé chinh).

B Diéu khién loa vao khoang chong chéo c6 thé lam giam cua tirng driver riéng. Tirng headroom
riéng bi mét co6 thé lam giam mdc d6 gain hiéu qua tir cdng &m trong vung chdng chéo.

Quy trinh gan v&i crossover dong nhét bang cach thém vao mét buée EQ.

Tao crossover chéng chéo

FR
Sound & Lighting



Chwong 4

W Xac dinh m&rc do tham chiéu: 0 dB.

B Dit tan s6 cat cho ca LF 1an HF dé tao ra giai chong chéo muc tiéu (thi du 60-120Hz). C6 thé
khong can néu roll-off ty nhién dua ra dap rng mong mudn.

B Khién méi loa va quan séat dap rng &m thanh cua tirng channel.

B Diéu chinh mirc twong d6i cho dén khi né khép vai giai muc tiéu crossover (giam am I6n hon
xuéng).

B Diéu chinh phase tuwong déi dé khdp véi giai crossover cang nhiéu cang tét (delay cai nao sem
hon).

B Khién hai channel cung nhau, tao ra peak 6dB ndm & gitra.

B Thém filter tham s6 (-6dB & gitra chd bj chéng chéo) t&i ca hai channel. Diéu chinh bang théng
theo yéu cau dé binh thudrng hoa dap irng.

4.3.4.3 Chon tan so crossover

Viéc gap phai hé thong doi hoi phai chon tan s6 crossover. Khdng nén xay ra viéc nay, nhung nd
thi c6. Quy trinh Iyra chon nén ma réng R&D, trong ITnh viure nay khong thé xay ra kich ban nay néu nhén
xuéng vai phat cho dén khi bat dau show.

Can nhéc chon tan sé crossover

B Giai tan s6 t6i wu cho méi driver. Anh hugng dén ning lrgng, headroom, dich chuyén tan s6 va
nhiéu hon thé nira.

B Dap trng curc cua thanh phan HF va LF thay déi theo tan s6. Téc dé thay déi cuc qua chéo co
thé bi anh huang. Thi dy, horn HF ¢6 khuynh huréng mé réng ra khi tan sé giam, trong khi driver
LF thu hep khi giam.

B Lua chon tan s6 cat c6 anh hudng dén driver HF dang ké. N6 vurgt qua pham vi sach nay,
nhung vé co ban thi: Bé dich tan tang Ién theo cdp sé nhan theo giam tan s6. Chia doi tan s6 yéu
cau do dich tan gap bdn lan dé tao ra nang ly'c &m thanh giéng nhau.

B Giam tan s6 crossover cé thé lam cho thiét bi hoat dong du'gi giai ghép néi cua horn, lam giam

tinh hiéu qua va doi hoi dich tan nhiéu dé dat yéu cau vé SPL.

No6i chung, s€ an toan hon khi chay driver ding giai hoat ddng ctia né hon la bén duéi. Do dé,
diém kh&i dau t6t 1a quan sat nhirng gidi han trén clia dap (rng LF tho. Crossover phai duéi gidi han LF va
xem né co thé dat mirc do cao ra sao. N&u ching ta bat dau driver HF v&i thiét lap HPF mot octave duéi
muc tiéu sap t&i, chang ta co6 thé thdy néu driver c6 thé 1am ra diém gdp g&. Rbi bat dau thur nghiém may
mo trong giai muc tiéu. Co6 thé thir nhiéu dé doc va cau trac lién két khac nhau cho dén khi thay phu hop
nh&t. Sau khi s&p xép crossover trong khu vuc trén truc, ban nén di chuyén khoi truc dé xem mé hinh LF va
HF phu hop ra sao. Khéng cé cach nao thuc hién quy trinh R&D toan dién trong Iinh vurc nay nhung diéu
nay la tat ca nhirng cai chling ta co thé lam.

4.3.4.4 Thdm dinh Crossover -- Crossover Audibility

Chung ta thuwdng tim cach triét tiéu nhirng manh maéi canh bao khan gia la dang co loa. Violon
khong co tan s6 crossover. Loa nhiéu way c6 thé nhan ban day du loai dan violon, nhung chiing ta phai
cén than véi khu vuyrc crossover dé bao dam ngudi nghe khéng nhan thdy sy chuyén tiép gitra driver. Mot
co ché c6 thé vach tran sy chuyén ti€p cla driver la sy dich chuyén. Xac suét dinh vj riéng biét tang ro khi
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driver di chuyén cach xa nhau. Bay khong la van dé déi vai thung loa nhiéu way cach xa nhau, nhung cé
thé cho subwoofers, thudng cach xa hé théng chinh. Yé&u t6 thir hai la chong chéo, ¢c6 thé lam 16 o sur
chuyén tiép crossover vi c6 qua nhiéu hay qua it chdng chéo. C6 thé chuyén tiép crossover co filter doc

cuc ky trong mét nét nhac duy nhét trong &m giai. S€ rd nhat néu quy trinh chuyén tiép di chuyén gitra
nhirng phan tir c6 sy khac biét Io'n vé kiém soat mo hinh, thi du: Driver hinh nén front-loaded dén horn hep.
Co thé thay déi tinh nang reverb dét ngét khi chuyén tiép.

Spectral ic cr : Sy ic levels

Spectral crossover region Very low order crossover with a full
(Coupling zone)

Amplitude
octave of overlap. Coupling zone

occurs over this large area since the
B _phase responses are within 120°.
Transitions to isolation zone above
and below

Overall LF and HF responses are
matched, creating a flat line through
the crossover.

Sufficiently matched phase responses
over the crossover region are
maintained but fall out above and
below the spectral crossover.

Phase responses are 180° apart at
8 350 Hz but this is unimportant since it
is in the isolation zone.

500 1.0k
Frequency (Hz)

tric levels (LF turned down -6dB)

. The overiap is reduced by the level
Amplitude Spectral crossover point
I asymmetry. Mos! of the area
has shified down to &% Hz previously in the coupling zone is now,
LF speaker is reduced in level in the isolation zone leaving the HF
driver alone above 800 Hz. The
combined SPL capability is reduced 6

_/'-"/ | ¢B in the midrange area,

HF only (Isolation zone)
Overall LF and HF responses are
unmatched, creating a tilted line
through the crossover.

B Spectral crossover point has 120° of
phase offset. No coupling zone
addition.

Phase alignment point is in the
isolation zone (about 10 dB of level
offset), an octave above the spectral

crossover.

LF only (Isolation zone)

500 1.0k
Frequency (Hz)

Hinh 4.27A va B Thi du vé mic d6 crossover am phd béat di xirng

Mat khac, véi chbng chéo qua mire, filter sé khéng cé lap du dé ngan co6 chai quanh diém
crossover. Diéu nay lam cho quy trinh chuyén tiép bi phoi ra béi sy c6 do giam trong dap trng & trén hay
du@i tan s6 crossover. Thi du cudi cung la su két hop cua ca hai, sy dich chuyén Ian chdng chéo t6i thiéu
trong trwrorng ho'p dat sub ti€p dat va treo hé chinh. Ca hai yéu t6 déu nhan manh dén sur tach biét, co thé
chirng minh rd la hai nguén khac biét.

Chung ta hay dat ra muc tiéu 1a "kha nang phat hién crossover" t6i thiéu: chuyén ti€p driver ma
khéng ai dé y. D6 dich chuyén t6i thiu, chuyén déi goc bao quat t6i thiéu, do chai t6i thiéu va ddc filter dan
dan cé khuynh huéng trugt theo may sonar cua ching ta. Co ché nghe cua chiing ta miéu ta vé nhirng
thay déi dot ngot vé dac tinh am gitra nhirng n6t nhac. Sy chuyén huéng gay ra sy thay déi dot ngoét vé
dinh vi hda. Cach két hg'p nay gay ra thay déi dot ngét mirc dod khi nét nhac bién mat roi tra lai tiép theo. Sur
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chuyén doi goc bao quat tao ra thay déi trong ITnh vurc phan doi, khién ngudi nghe cam thdy nhu thé co
tan s & rat xa trong khéng gian so6i dong trong khi phan ti€p theo & gan bén, trong khong gian kho.

4.3.4.5 Crossover b4t doi xirng -- Crossover Asymmetry

Nhiéu déc filter khac nhau lam ra quy trinh chuyén tiép tir ghép ndi dén c6 lap béat doi xirng. Co thé
x(r dung ty 1& d6 déc bat déi x(rng rat hiéu qua, nhung phai du doan hanh vi cia né. Viéc tron filter bac
ch&n va I& (thi du bac hai va ba) thuérng doi hoi phai dao cuc va ghép trat tan s6 goc dé dat duoc két qua
crossover dong nhat. Thudrng gap doé dac filter high-pass hon la low-pass. Giam rui ro tréch khoi truc cho
HF va chia sé nang lugng kha dung tu LF.

Thiét 1ap mdrc tuong déi cling co thé lam ra bat d6i xirng trong giai crossover, bang cach dich tan
s0 crossover va phan phai lai viec phan céng hoat déng. Giam mdrc dé cua driver LF lam tdng ganh néng
cho HF va c6 thé gay nguy hiém cho né. Thi du vé khu vyrc nay trong hinh 4.27.

4.3.5 Phan chia khdéng gian va crossover khdng gian --
Spatial dividers and spatial crossovers

4.3.5.1 Am phé va Khéng gian -- Spectral vs. Spatial

Hay ap dung kién thirc clia ching ta vé crossover &m phd sap x&p phase dé bao quat toan khéng
gian: crossover khong gian. Giai chia phd tach am phé ra va crossover &m phé ndi no lai. Giai phan chia
khong gian tach viing bao quét va crossover khong gian ndi n6 v&i nhau.

Chung ta hay 18y loa hai way lam thi du minh hoa. Tai &m phé (thi du: cao va thép) bi chia ra,
nhwng tai khéng gian (ving bao quat) thi san sé déu. Bay gi¢ dat hai trong s6 nay trong array. Tai khéng
gian bj chia nho (thi dy: ban céng va san), nhung tai &m pho lai chia déu. Array hai way chira ca hai loai
crossover 4m thanh, va chlng ta sé xir dung cach tiép can twong tu dé t6i uwu hda dap rng & khu vyrc
nhay cam nhét: crossover sap x&p phase (phase-aligned).

Phan nay minh hoa cach phan chia khéng gian, quy trinh tach ving nghe dugc thanh vliing bao
quat, twrong tu nhu phan tach driver high, low va midrange. Ap dung bé quy tdc cho crossover bén way
trong thung loa don (&m phé) va array bén phan tir (khéng gian). Phan cudi clia ciu dé la tuéorng clia
phong. N6 la nhirng b chia khéng gian t6i uu va quan ly nhirng phan déi ctia né theo cung nguyén tac.
Viéc stra d6i thuat ngir théng thurdrng doi hoi phai co thdi gian dé tiéu hoa, nhurng né lyrc nay rat dang gia
vi nhirng bi &n vé sy turong tac giira loa va phong da tao ra bi mat cua no.

Diém chung gilra crossover &m ph6 va khéng gian
B Ca hai twrong tac déu chiju chi phéi béi déc tinh ciia cong 4m &m thanh.

B Chién luroc t8i ru hda bat ngudn tir cung khai niém: crossover sdp x8p phase. Sy khac nhau
gilra crossover am thanh va khéng gian

B XOVR khéng gian la full range. Thach thirc hon dé dat t&i sy co 1ap ma khong triét tiéu.

B Bl phase trong giai chia &m ph6 chi anh hudng manh dén giai tan crossover. Bl phase trong
phan chia khéng gian anh hudng dén tat ca tan so.

Nhirng chirc nang tuwong ty
B Vung ghép ndi (loa & mirc d6 bang nhau) tuong ty nhu tan s6 crossover &m phé.

B Dinh hudng twong ty véi do déc cua filter. Loa hudng cao gidng nhu filter doc.
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B Thay déi mirc d6 twong déi gitra loa lam thay dai vi tri crossover khéng gian cling nhu n6 l1am
thay d6i tan s6 crossover &m pho.

B Sy b sung nang lugng tir chdng chéo ngang hay doc trong crossover khdng gian ciing tuong
tu nhu sy b sung trong crossover &m pha.

Crossover am phd trén khong gian phirc tap hon ddi tac &m phé cuia nd, nhurng van co6 sy khac
biét trén cling chu dé (Hinh 4.28). Dat hai loa két hgp theo bat ky hudng nao va tim diém gilra gitra nd. D6
la diém crossover va vling ghép ndi cho tat ca tan s6. Phan tiép theo hoi khd hon. Bay gior chlng ta phai
tim dudng ra khoi khu vure ¢6 lap: vi tri ma loa c6 mirc dé hon 10dB chiém wu thé. C6 thé dé tim ra viéc
nay cho tan sé don 1& bang cach quan sat mé hinh bao quat. Chia nhé diém cua vung co 1ap sé don gian
nhu d6 déc filter &m phé néu loa cé cling mé hinh dinh huéng cho tat ca tan sé. Biéu nay ciing giéng nhu
viéc phat hién ra con ky lan. Trong thé gigi that, nhirng tan sé thap sé chong Ién nhau nhigu hon & mirc
cao, cho ching ta nhiéu diém khac nhau vé dudng bién cua vung ghép ndi, chai, chuyén ti€p va cd lap trén
tan so trong phong.

4.3.5.2 Crossover khong gian nhigu way -- Multi-Way Spatial Crossover

Hay mé rong vurot qua crossover hai way (A + B = AB) bang cach thém phan tir thir ba (C). Co
cdng am trong hai giai doan khi &m thanh tién 1én phia truéc: (A + B) + (B + C) = ABC (Hinh 4.29). Xay ra
cong 4m k& can trurde tién va sau do tién toi sy két hop ba way day dd, nghia la phan tir A sé dong khe
ho (gap) vai B lai trurge khi né gép yéu to C va nguoc lai. o giai doan nay, ching ta c6 hai hinh tam giac
cén, canh nhau. X&p chong va két hgp A + B + C. Luu ¥, ching ta da bat dau tao kim ty thap. Néu dong
khe ho gitra AB va BC & 1m, thi diém gép nhau clia bd ba ABC c6 thé sé la 2m. Array nay gia dinh hinh
dang far-field vinh vién ctia né khi céng tét ca phan tir day du (& dinh kim tu thap).

Chung ta c6 thé bd sung tiép tuc mién 1a ngan sach va gian khung treo cho phép. Méi phan tr mai
m& réng co s& va thém mét I&p cong trd 1én trén. Khoang cach phan tir dat kich ¢c& co s& cua dé kim tu
thap, va goc che pha phan tir tao ra do déc cua cac canh. Nhirng phan tir hep mét nhiéu thoi gian dé dap
trng cho nhirng hang x6m ké bén canh cta no, réi ti€p theo, tao ra tam giac déc hon va ddy dap trng khu
vire xa chuyén tiép ra ngoai. Nhirng phan tir rong dong khe hé that nhanh va két thic viéc dinh hinh cua
né gan nguon.

Kim tu thap la rd ranh ranh khi khoang cach phan tir da gan du dé duy tri ghép néi. Nguroc lai,
nhirng phan tr cach nhau xa sé chai v&i nhiéu hang xém cua né hon la ghép doi. Nhirng cong dm bén trén
sé giébng nhu chung két phao bdng hon l1a kim ty thap. Ching ta c6 thé goi do 1a sy ty boc chay chang?
Khéng thé ngan chai & 16p trén, nhung ching ta co thé lam cho n6 khéng lién quan bang cach guri cho
nhirng loa khac dé vurot qua pham vi bao quéat. Mdi ghé trong hdi trudrng déu co thé nhin théy tét ca front-
fills. Ly do khién d6 chai & I&p trén khéng lam phién vi ching ta da lat ao cho né béng hé théng chinh.

4.3.5.3 Thir bac clia loa (d6 doc crossover) -- Speaker Order (Crossover Slope)

Budrc tién I6'n trong viéc chuyén kién thirc 4&m phé clia chiing ta t&i mién khéng gian 1a hinh dung
mo hinh bao quat cua loa nhu la dang filter khdng gian (Hinh 4.30). Loa 360° giong nhu khong gian "full
range" khi bao boc tir 20Hz dén 20kHz, chinh la &m phé. Pham vi &m phd 1a 10 octave, tuong tu nhu
khoang khéng gian 360 dd. Néu vuét thing vong tron ra, ching ta co thé dat hai hinh dang nay canh nhau.
Hé thong hai way chia ving bao quat ra (2 x 5 octave hay 2 x 180°) hay c6 thé lam ba way (3 x 3.3 octave
va 3 x 120°). Chang ta c6 thé tiép tuc cat ra nhu thé mai mai. Chang ta biét tir trai nghiém crossover am
phd, ching ta can filter d6c trén hé théng bén way hon |a hai way. Tam way thi sao? Tham chi nhiéu hon
nira cling dugc. Filter doc hon cd lap khoang cach tin hiéu chat ché hon. Tuong ty vai filter khdng gian.
Néu cat lat thanh tirng giai 20°, n6 can phai déc dé tranh chdng chéo Ién nhirng vung Ian can. Khong phai
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ltc ndo cling can phai bao phd 360° hon ching ta can bao gdém 20Hz-20kHz, nhurng néu muén cat ra tirng

manh nho, thi nhirng filter déc la phuong tién hiéu qua nhét dé vao vung cd lap va giam thiéu viéc chai.

Crossover classes Crossover slope

Asymmetric slope and level

Overlap: A + B > 0 dB @ XAB

First-order (6 dB)

Asymmetric slope

/L

LW

|
|

Second-order (12 dB)

Asymmetric slope and level

Ly mm——

Hinh 4.28 Nhirng loai crossover khdng gian, dé déc va bét déi xirng. Chi y méi quan hé tuong ty voi

crossover am phé trong hinh 4.23.

XABC
Overlap/

XABC
Unity

XBC |
Overlap |

XBC
Unity

XAC
Unity

XAC
Gap

Hinh 4.29 Crossover khong gian nhigéu way
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1 x 360" radial element
360° of radial range
Comparable to full range spectrum

Relating spectral and spatial crossovers

4 x 90" radial elements (first-order)
360" of radial range
Comparable to 4-way spectrum

4 x 90* lateral elements (first-order)
360° of lateral range
Comparable to 4-way spectrum

XK K

v >( /{\/ 7\

12 x 30" lateral elements (second-order)
360" of lateral range
Comparable to 12-way spectrum

v /XXX XXXXAXXXN

AANAAAAAAAAA

1y 11
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Hinh 4.30 Lién két thir bac am phé va khéng gian: 1 x 360°, 4 x 90°, 12 x 30°

Relating spectral and spatial crossovers

Speaker order: Loss over angle

0
90° (quadrant) =—First-order
3 . ===Second-order
: ===Third-order
-6 B
9 \
§ :
3 3
-15
H
-18 | First-order: -6 dBin 90° (+ 45°)
21 | Second-order: - 12 dB in 90° ( 45°)
Third-order: - 18 dB in 90° (£ 45°)

-24

0 90
Angular span (degrees)
Speaker order slopes in dB/quadrant (approximated)
6
On axis frequency response vs. +/- 45° off axis (90° quadrant)
0
First-order slope: = 6 dB/quadrant

6 | Second-order slope: = 12 dB/quadrant
Third-order slope: =18 dB/quadrant

Amplitude

32 63 125 250 500 1k 2 4k 8k 16k
Frequency

Hinh 4.31 Lién két crossover &m phd va khdng gian: bac mét, bac hai, bac ba
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Chung ta khéng xtr dung loa 360° cling nhu chi xtr dung mét driver dé bao gém 20Hz-20 kHz. V&i
muc dich thao luan, chiing ta sé chia khéng gian thanh nhirng goc phan tu (hinh quat) (90°) va phan loai
vling bao quat tir dé (Hinh 4.31). Loa bj mét goc hinh quat -6dB goi 1a loa bac mét (tuong tu -6dB/octave).
Cai nao giam & ty 1& 12/dB cho méi hinh quat la bac hai va cir nhu vay. Bang cach phan loai loa thanh bac
mot, bac hai, bac ba (nhu da lam cho filter), ching ta c6 thé don gian héa thao luan vé loa, nhdn manh vao
hinh dang co ban ma né tao ra chir khéng phai la né la front-loaded, horn quat, ribbon v.v.

Phan loai thir béac cua loa

B V6 (moi) hudng - Omnidirectional: 180° dén 360° (hao hut <6dB trong goc 90°).
W Bac mot: 60° dén 180° (hao hut 6dB trong 90°).

B BAc hai: 20° dén 60° (hao hut 12dB trong 90°).

B BAac ba: 6° dén 20° (hao hut 18dB trong 90°).

Mbi loa déu c6 thé co mé hinh bao quat trong mat phang doc va ngang khac nhau, do d6 thir bac
cling khac nhau. Ngoai ra, chlng ta biét mé hinh bao quat mé rong trong giai LF, do do, mét phan loai sé
khong dai dién cho day du full range cua loa. Chlng ta xtr dung phan loai theo thir bac loa dé tach riéng
dap (rng HF. No6i tom lai, c6 thé gia dinh, moi loa sé két thiic omni & cuc low-end. D6 chénh I&ch gitra murc
do6 bao quat cua LF va HF sé I6'n nhét trong loa bac ba.

4.3.5.4 Crossover khong gian dong nhat (A + B) -- Unity Spatial Crossover

Gain crossover khong gian dong nhat la tiéu chi cua thiét ké va t6i wu hoa, diém két néi chinh gitra
nhirng loa trong mot array va sy két hgp cia hé théng sub (Hinh 4.32). Tim thay ba loai chinh trong phong.

Ba dang thirc crossover khong gian déng nhét (A + B) dién hinh

B Goc mé déng nhét (Unity splay angle): tao ra diém -6 dB bang cach tach goc (thi du nhu array

ngudn diém ghép).

B Cach quang dong nhat (Unity spacing): tao ra diém -6 dB bang cach tach huéng bén hay doc

(thi du: cach quang gitra front-fill).

B Khoang cach déng nhét (Unity distance) (vé phia truéc): tao ra diém -6 dB bang cach tang gép
doéi khoang cach (thi du hé théng chinh va delay).

C6 thé xtr dung nhirng cai nay don I& hay két hop dé tao ra crossover dong nhét (thi du: front-fill &
san khau cong sé xtr dung géc ma va cach quiang dé tao cong am déng nhat).

Crossover déng nhét tiéu chuén cho biét thém A (-6dB, 0°) + B (-6dB, 0°) tai XAB va téng cong la
0dB. Nguyén nhan cua tirng hao hut riéng cé thé la truc, khoang cach hay két hgp ca hai. Gain cdng am
I&'n nhét & XAB va yéu di khi xa khdi do. Tirng loa sé manh hon khi gain céng &m suy yéu, tao ra mirc do
nh&t quan khi di chuyén khdi trung tdm. M6 hinh bao quat téng ho'p rong gép doi tirng cai va danh gia lai
bang cach xtr dung crossover lam trung tdm tham chiéu.

Né&u da chon vi tri crossover, quy trinh s& mat nam buéc.
Tao gain crossover khéng gian déng nhét vai loa A va B
B Xac dinh tiéu chudn tham chiéu danh dinh: 0dB.

B Khién A (solo). Quan sat dap (rng &m thanh va tim vi tri -6dB. DAy la crossover XAB.
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B Khién B (solo). Biéu chinh B cho dén khi né tao ra -6dB & cung vi tri (thi dyu: goc mé, khoang
cach, diéu chinh mirc do).

B Diéu chinh phase tuwong déi cho dén khi két hop tai XAB (delay cai nao sém hon).

B Khién A + B. Dap (rng téng ho'p & crossover nén phu hop véi mire dé riéng danh dinh.

Spatial crossover: Unity splay and spacing Ronaxa @xas

AB unity splay > T [ J
s o B '1"' |

TR . b e T o L A
S W a FOCRUL UL TS SN 5“"‘5’"‘," 1 .
© v V] I Y Ll " J"f*
2 ! (gl|
2 Il
5 | AB unity splay | | 1

32Hz 125 Hz 500 Hz 2 kHz 8 kHz

Unity splay for a symmetric coupled point source

AB unity spacing z |
B @
2 i w
© 4 " - I ‘:.'l 1
oy n1
g | il
£ | AB unity spacing I“

32 Hz 125 Hz 500 Hz 2 kHz 8 kHz

Unity spacing for a symmetric coupled point source

Hinh 4.32 Crossover khong gian déng nhét

4.3.5.5 Crossover khong gian chéng chéo (A + B) --
Overlapped Spatial Crossover

Crossover chdng chéo cho biét thém A (> -6dB, 0°) + B (> -6dB, 0°) tai XAB va téng cong > 0dB
(t6i da 6dB). Gain cong &m cao nhéat & XAB va giam di & gidra (Hinh 4.33). Danh gia lai mé hinh bao quat
téng cong bang cach xur dung crossover lam trung tam tham chiéu. Sy két hgp réng, hep hon hay giéng
nhu tirng thanh phan riéng, phu thudc vao ty 1& chéng chéo (da s6 chong chéo hep lai, da s6 cé lap mé
rong ra). Hé théng chdng chéo cao co6 thé khdng bao gidr dat dén vung cb lap (mirc dd bu khong dat 10dB).

Tao crossover khéng gian chéng chéo bang loa A va B
B Xac dinh tiéu chudn tham chiéu danh dinh: 0dB.

B Thay thé A va B solo dé tim vj tri c6 mirc do bang nhau (phu hop v&i > -6 dB tir mirc do tham
chiéu). DAy la vi tri crossover cua XAB (thi du: néu mdrc do clia A va B la -2dB thi téng sé 1a +4dB).

B Diéu chinh phase tuwong déi cho dén khi n6 phii hgp vé&i XAB (delay cai nao s¢m hon).
B Khién ca hai channel cung nhau. Téng dap (rng nén vurot qua marc do riéng +6dB.

B Néu vai tan s6 chong 1én nhau va 1én nhirng tan s6 khac thi co thé ap dung EQ cho nhirng giai
chdng chéo (thu tuc trrong tu nhu crossover &m phé chéng chéo).
4.3.5.6 Crossover khong gian khoang hé (A + B) -- Gapped Spatial Crossover

Crossover khoang hé cho biét thém A (< -6dB, 0°) + B (< -6dB, 0°) tai XAB va téng céng la < 0dB
(Hinh 4.33 m6t Ian nira). Gain cdéng am I&'n nhat & crossover va giam di & trung tam (trong khi mirc do ca
thé lai manh hon). Binh nghia ving khe hé la vung c6 mirc d6 thdp hon tham chiéu 0dB. Khe ho tir 6dB
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trer 1én twong dwong véi dap (rng & ngoai truc. Xir dung crossover khoang ho dé tranh nhiéu khu vyre nhu
mat trude balcon.

Spatial crossover: Overlap and gap, spacing and splay & onaxa X xas

(A) Overiap splay (B) Gap splay
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Hinh 4.33 Chong chéo va crossover khong gian khoang ho
4.3.5.7 C6 lap bang géc do -- Isolation by angle

Chung ta da xem xét viéc dua loa lai gan nhau. Bay gid ching ta s€ danh gia viéc né cach xa nhau.
Céch thir nhat 1a c6 1ap goc, con goi la goc mé (splay). Thuc hién phurong phap nay trong array nguén
diém bang cach nham huéng loa cach xa & phia truée. Mot cép déi xirng sé co crossover tai trung tam, co
thé chdng chéo, ddng nhét hay co6 khe hég. Con dudng dén cé lap (mirc d6 bu > = 10dB) bat dau &
crossover va hudng vé phia canh ngoai goc bao quat. Ching ta dat dugc no truére tién trong goc hé, thir
hai trong gbc mé& dong nhét va cudi cling (néu & tat ca) trong gobc mé chdng 1én nhau. Nguén diém ghép
nGi co6 mét vung co lap rat rd: Mot tan sé nhéat dinh c6 mot goc nhét dinh, xay ra cé |ap tai do, l1a gilr goc
theo khoang cach. Thi du, néu cé |ap tai 8 kHz bat dau & 20° di tr crossover, nd sé (a) gilr cung mirc do cod
lap trén khoang cach va (b) bj c6 lap hon & nhirng goc xa crossover.

4.3.5.8 C6 lap bang cach djch chuyén -- Isolation by Displacement

Con dudng tiép theo hudng toi sy ¢6 18p la tach rai/di chuyén. Di chuyén loa cach xa nhau ra va
phai bao phu rat nhiéu khoang dat trurérc khi c6 thé n6i véi nhau. Day 1a cau hinh array khéng ghép, va do
do sé bién hinh qua nhiéu viing cdng am khac nhau theo khoang cach. Thi du don gian: Bat hai loa cach
nhau 10m. Néu chung ta di b théng tlr mat trurére cua A (tai 1m) dén mat trwée cua B (tai 1m), ching ta sé
di chuyén tir cé lap (A) dén khoang hd (XAB) dén cb lap (B). Cung dudrng dan & phia trude loa 20m sé
chodng Ién nhau (va chai) lién tuc. o khoang cach nao dé & giira, ching ta co thé di theo dudng thdng va di
tlr c6 lap (A) dén dong nhat (XAB) dén c6 lap (B). Phia trudc dwdrng dong nhét la qua gan (trwéc pham vi
bao quat), va di qua dé lai qua xa (sau pham vi bao quat). Muc tiéu cla ching ta la thu hep khoang hé &
dang chd va thyurc hién kiém soat thiét hai trén chd chdng chéo. Khoang cach rong cua nhirng phan tir hep
sé duy tri co 1ap dai nhat, va khoang cach gan cua phan tir rong sé nho nhét.
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4.3.5.9 C6 lap theo mirc d6 -- Isolation by Level

Chung ta co thé thay déi can bang vung cong 4m bang cach dé loa & vi tri va xoay tirng cai mot. Vi
tri crossover sé di chuyén vé phia loa nhé hon (B). Hay suy nghi vé viéc giam mirc do khi khu vure cua loa
B cong sang khu virc loa A, su phan phdi mirc do khong can déi. O phia A chiing ta sé thdy sur ¢6 lap dén
sém hon (vi B sé giam nhanh xuéng 10dB phia sau), trong khi diéu ngugrc lai la ding déi véi phia bén B.

4.3.5.10 C6 lap bang ay thac -- Isolation by Committee

Tat ca co ché co lap chi liét ké viéc co thé tap hop lai vai nhau dé tao ra hinh dang muén co.
Chung ta c6 thé di chuyén nd cach xa ra, xde ra va giam tirng cai xuéng. Viéc chuyén déi sang co 1ap sé
dén véi loa nao nghe I6'n trdi nhat rat nhanh. Béi véi loa nghe nho hon, hay chao dén cudc séng nhu loa
I4p day (fill).

4.3.5.11 Kh& nang phat hién crossover -- Crossover Detectability

Che d4u viéc chia khong gian la thach thirc vi giai tan s6 crossover kéo dai dén gidi han trén cao
hon. Hau nhu khong thé chuyén ti€p qua crossover ma khéng c6 mét vai chai HF. Crossover khong gian
c6 thé cb chuyén vij tri vat ly dang ké, lam vling chai song khéng én dinh. Quy trinh chuyén gitra nhirng hé
théng bac cao cé thé dé phat hién surdn goc déc nhurng chi trong mét phan rat nho cua khong gian, trong
khi s& khé phat hién trong hé théng bac thdp hon, nhung van phat tan trén khong gian rong hon. Thoa hiép
c6 dién.

Crossover 4m phé c6 trrong phan néi bat nhét 1a chi c6 thé phat hién crossover khéng gian & vj tri
cu thé. Co thé hién thi kha nang phai hién phan chia 4m phd trén dién rong. Co thé dat crossover khong
gian crossover trén I8i di, mat tién balcon va nhiéu chd khac sé biéu hién khiém khuyé&t hoc thuat. Khéng
dén nbi phai chia &m phd ra.

Giai chia khong gian tu t6 cao n6 ngay bang cach thay déi vj tri goc. Tai cua ching ta cé thé nhan
ra manh méi dinh vj hoa, khi phat hién tang bu goc thi lai cang dé hon. Manh méi khac c6 thé la dap irng
khong khép trong khu vure crossover. Biéu rd nhét la khi loa mé rong giai tan sé HF t6t bén trén cai khac.
Phai quan ly c&n than viéc nay khi két hop nhirng loa c6 dang nho bang cach mo rong VHF cho hé théng
chinh c6 kich c& I&n. Mixer sé& khéng nghe thdy VHF & front-fill nhung hang ghé& dau tién chac chan sé
nghe.

Manh méi khac di dudi hinh thirc khoang cach twong doi. Loa & gan co ty & phan doi tryrc tiép cao
hon loa & xa. Phai giam nhoé mirc do cua loa delay & gan dé nd khéng ndi bat hon loa chinh & xa.

4.3.6 Crossover &m phd/khéng gian -- The spectral/spatial crossover

Hau hét loa hai way trén thé gi¢i déu co driver thay thé: HF bén canh LF hay gitra hai loa woofers.
Crossover phd ciing la crossover khong gian. LF va HF déu c6 tan s6 crossover va vi tri crossover (Hinh

4.34). Ngoai & 1a thiét ké dong truc, trong do driver HF dinh vi ngay tdm bén trong driver LF (trong trwrd'ng
hop do, sur dich chuyén ndm & chiéu sau hon la ngang hay doc).

Hignment made on i

/%

Phase alignment made on the
equidistant axis holds over distance

Hinh 4.34 Crossover am phé/khéng gian
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Diéu nay bd sung thém chiéu thir hai cho viéc tim kiém hiéu nang cla crossover khéng chai. Muc
dich la dé & lai trong vung ghép ndi cho dén khi vurgt khdi pham vi goc bao quat, nghia la van ghép néi am
pho cho dén khi cé 1ap khéng gian. Chlng ta quay tré lai tam giac can (dai dién vé vung ghép ndi khéng
gian va muc tiéu cho sy sép xép phase). Ching ta c6 thé coi driver nhu 1a crossover khéng gian roi sap
x&p mirc do va phase &m phé bang thu tuc crossover khong gian dong nhéat da néu ra truée day (4.3.5.4).

Danh gia dé 6n dinh vé khdng gian bang cach do xa trung tam crossover (& trén va dugi hay tir
bén nay sang bén kia). Quan sat giai tan sé crossover va xem liéu dap (rng cé du dai dé dat t&i canh cua
vling bao quat khong gian khéng. Thyrc hién viéc nay tét nhat & khoang cach du dai dé dai dién cho nhirng
irng dung co that. Bieu nay cho phép bu thdi gian dé giai quyét vao loa sé that sy xir dung giai nao. o
qué gan co thé l1am cho chirc nang crossover Am phdé/khong gian hoan hao sé gap véan da.

4.4 Mang loa -- Speaker Arrays

Hay ap dung nghién clru vé céng a&m va crossover am thanh vao viéc xay dung array loa that té.
Thém hai loa thi t6ng s& phu thuéc vao mirc do va do bu phase. Thém mudi loa thi n6é sé hoat dong nhu
cdng 4m cuia cong &m chinh xac. Mé hinh bao quat cua tirng phan tir, sy dich chuyén, goc dé va mirc do
cta n6 dan dén sy phan bé khong gian. Néu ching ta két hgp hé théng & crossover khéng gian thanh
cong, cb thé du doan va quan ly phan con lai cua ving bao quat. Co thé kiém soat doc 1ap tat ca yéu té nay
trong quy trinh thiét k& va téi uu hoa.

4.4.1 Loai array loa -- Speaker array types

Tin tlrc thuwong mai vé am thanh chuyén nghiép sé dan dén viéc chlng ta tin co6 hang tram loai
array loa khac nhau, v&i nhiéu nhan hiéu cau chirng khac nhau. Nhirng nguai khac lai tin chi c6 mét loai
array, array dong ké (line), va tat ca cdu hinh khac da di theo con dudrng cua khung long.

Vé maét that té, chlng ta phan loai array thanh hai ho cla ba loai. Dau tién, chlng ta tach ghép nai
sang khong ghép roi chuyén sang dinh hudng goc.

Loai array C4u hinh

Nguén line ghép Loa song song v&i nhau

Ngubn diém ghép Loa déu c6 goc mo hudng ra ngoai

Diém dén diém ghép Loa déu c6 goc mo huédng vao trong
Nguon line khéng ghép Loa tach biét song song

Nguon diém khong ghép Loa tach biét c6 goc mo ra ngoai

Diém dén diém khong ghép Loa tach biét c6 goc mé hwéng vao trong

Lam sao ching ta tach ghép ndi sang khéng ghép? Kho hon ban nghi. Ty 1& budc song am phd
600:1 clia array chuyén ti€p nay lam cho mau xam thanh xam hon. Cach lam rd don gian nhéat la theo chirc
nang.
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Chirc nang array ghép Chirc nang array khdong ghép

Gain cOng suét M& réng vung bao quat hué'ng tam (quat)
Mé& réng vung bao quat huéng tam Mé& rdng vung bao quat hai bén

Tang vung bao quat hudng tam Mé& réng vung bao quat ra phia truéc

Gain cong suat yéu cau cong am vung ghép, ciing nhu thu hep goc clia ving bao quat. Viéc mo
réng vung bao quat va goc mao doi hoi phai céng am ving co 1ap. Vung chuyén tiép la cai cau bac gitra
vling ghép nai va cod lap trong khi ving chai can tranh viéc nay cang nhiéu cang tot.

Bay gi¢ hay trd lai cau hdi ghép/khéng ghép. Thi du: ching ta c6 mét dudng thiang gom 8 loa
subwoofer cach nhau 1m. Trén méi cai co front-fill full-range nho. Ching ta c6 ca array ghép 1an khéng
ghép. S6 lrgng tdm loa subwoofer cho biét viéc thém gain cong suét va thu hep pham vi bao quéat. S6
lurgng tam front-fill sé ma& rédng bén canh pham vi bao quat. Néu can nhiéu nang luong LF, ching ta thém
sub. Néu can thém pham vi bao quét phia truéc, sé thém front-fill. NEu can nhiéu nang lugng fronfill, phai
co frontfill IGn hon.

Ghép va khéng ghép ndi -- Coupled vs. uncoupled.

Bat ky array loa nao ciing c6 thé tao ra viing ghép doc theo duwdng trung tdm bao quat (tam giac
can). Array ndm gan nhau c6 thé duy tri cho phan am phé va phong dang ké. Thém khéng gian gitra
nhirng phan tir nay sé giam dd ghép ndi cho ca hai. Chang ta co thé déi ty & array, nhung khéng phai la
kich c& cua 500Hz. K&t luan ro rang: Array ghép ndi cd hanh vi viing ghép t6t hon. Duh!

Mot khi khéng co kha nang ghép néi, ching ta sé tim cach cé 1ap, c6 thé co bang goc do, khoang
cach hay mirc do. Goc thi hiéu qua va kéo dai nhat. Co 1ap bang cach déi ché ciing c6 hiéu qua, nhung khi
ngudi quang cao thich ndi: "chi trong khoang thdi gian gidi han théi!". Mirc do vuot giam dan, ty no, la han
ché nhét va nén dugc coi la phu luc dé c6 lap hon la phuong phap chd yéu. Chung ta ¢6 thé xir dung no
cung nhau dé cé hiéu qua Ion.

Co thé c0 lap array nao? Nguodn diém (point source) 1a bac thay vé co 1ap goc. Ngudn line thi khong.
Diém dén co thé cung cép co 1ap goc sau khi ludbng am cua no6 da di qua trung tam. Diéu nay lam no gidi
han &rng dung. Array khéng ghép 1a loai chién thang vé co 1ap déi ché. B4t ky array nao ciing co thé co
mirc do giam dan, nhung diéu nay khéng gilp d& nhiéu néu khéng bat dau tor goc hay déi ché.

Chung ta hay nhin vao bang danh gia (Hinh 4.35). M6t cdu hinh array cung cap két néi mé rong va
c6 lap tam xa: ngudn diém ghép. Khong phai tring ho'p ngau nhién ma day |a array chinh, xir dung trong
hau hét hé théng prosound. Biém dén diém ghép cling c6 thé cung cép cho ca hai nhung va vao nhirng
thach thirc co hoc nhu loa nay ngan loa kia di qua phia d6i dién. Nguoén line ghép khong c6 co ché cb lap
hiéu qua. K&t qua, ludng 4m tap trung tai diém vo cuc.

Trén array khong ghép, noi ngudn diém co lap bang su két hgp cua déi chd va goc. Diéu nay cho
phép n6 c6 pham vi xtr dung réng réi (ca &m phé l1an khong gian). Diém dén diém (point destination) khong
ghép la sur 16i kéo, chién tranh gitra d6i chd c6 lap va thoi cé lap goc bén trong. Pay la gii han trong pham
vi clia array khong ghép nhé&t. Ngudn line (line source) khéng ghép ndm gitra nguodn diém va diém dén
diém. Budre tiép theo sé nghién clru phan bé khong gian cua sau loai array nay (Hinh 4.36).

4.4.2 Array ghép -- Coupled arrays

Phan tich sé tap trung vao dap (rng tam xa, noi két hgp clia nhiéu phan tir da phat trién day du.
Array dai v&i nhiéu phan tir cé thé cho thay su ¢ lap tam gan do sy dich chuyén cho dén khi khoang hé
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khép lai va tat ca phan tur da téng ho'p. Khoang cach chuyén tiép can dé dat dén do trud'ng thanh sé thay
d6i theo tan s6 (pham vi bao quat réng sé khép sém hon nhirng ving c6 dé bao quat hep). Bap rng hién
thi & dang 100Hz, 1kHz va 10kHz, sé xr dung cho phan con lai cia chuong nay. Dot nay trinh bay nhirng
biéu twrong cdng &m da gidi thiéu trude day va cho nd boi canh nhirng vi tri crossover khong gian.

Array summation properties

Array type
Angle

Coupled line source
Coupled pt. source
Coupled pt. destination
Uncoupled line source
Uncoupled pt. source

Uncoupled pi. destination

Isolation method Summation zones
: . . == 2
Coupling
Transition
Transition

Combing RRICHEIT

Isolaion

Combing Combing

Range

Level LF

Yes Coupling

HF
Coupling

Distance
Unlimited
Unlimited
Unlimited

Limited

Short

Isolation

Yes Isolation

Coupling

Yes Isolation

Yes Isolation

Yes Isolation

Hinh 4.35 Thudc tinh cong &am cua array

Coupled

Speaker arra s
P Ve Uncoupled

Line source (0°)
All units oriented in parallel

No point of virtual origin or
destination

Point source (>0°)

All units splayed outward
to make virtual point
source behind the
speakers

Point destination (<0°)

All units splayed inward to
make virtual destination
point ahead of the
speakers

Hinh 4.36 Phan loai array loa

4.4.2.1 Nguon line ghép -- Coupled Line Source

Array line ghép cho phép s6 Iurgng phan tir vé han & lugng goc han ché: mét. Khdéng thé mé ta ra

array don gian. Khong co chi tiét goc,

chi ¢c6 m6 hinh bao quéat cho phan tir, s6 lwgng va chuyén dong.

Nguon dm thanh ao kéo dai ra, céng trén chiéu dai cua array hon la mét diém. Tinh nang nhét quan cua
ngudn line ghép 1a hanh vi cta nhirng I&p chdng chéo, bao gém hau nhu toan bd dap rng cla hé théng.
Day la tinh nang hédp dan va dang ngai nhat cua né. Sy chéng chéo cho phép né bé sung sirc manh t6i da,

nhung co gia trj dong nhat t6i thiéu.
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Thir bac cua loa -- Speaker order

DAau tién trong loat nay la hinh 4.37, cho chlng ta thay két qua ctia mét cap loa bac mot da ghép

mang thanh nguon line ghép. Do la xe Itra bi pha hoai. Vi tri duy nhét cé thé tan hudng dap (rng tan sé

khdéng gon séng la ngay chinh gitra:

==+ Zone Progression

**+ Crossover Line

Speaker order effect: First-order speakers @ 0°

Summation zones: Coupled line source array

1/24th octave
2 x first-order @ 0°
12 x 12 meters

Zone key

. ST
Off axis, Xover

Hinh 4.37 Nhirng yéu t6 trong tién trinh céng am clia array ngudn line ghép, loa bac mét

see Zone Progression

es++ Crossover Line

Summation zones: Coupled line source

Speaker order effect: Third-order speakers @ 0°

1/24th octave
2 x third-order @ 0°
12 x 12 meters

Zone key

o 3

Transition,

isolation R

e

Off axis, Xover

R

Hinh 4.38 Nhirng yéu t6 trong tién trinh céng &m cua array nguon line ghép, loa bac ba
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Crossover khong gian, két qua cua sy chdong chéo va dich chuyén qua mdrc. Sy tién trién cua cong
am di chuyén tir gitra roi sang trai va phai. Vung chai chiém uu thé trong giai tan 10kHz, ca hai, gan lan xa
tat ca duong dén canh. Vung ghép chiém linh giai LF do khoang cach gan nhau.

Cép phan tir bac ba, thdy trong hinh 4.38. Pham vi bao quét tan s cao riéng rat hep nén co thé
nhin thdy vung bao quat trong tam gan. Viéc nay dan dén chong chéo ving bao quét rét nhanh, noi co thé
nhin thay ba luéng &m (thuy chinh va hai thuy bén). Luru y, sy thi€u dong nhét vé tan so, véi dap irng HF
rat hep va LF rét réng (giéng nhu phan tir solo).

SO lrgng -- Quantity

Co6 18 ching ta chi can nhiéu thung hon. Mét phan tur thir ba bé sung da thém vao hinh 4.39, mo
rong pham vi khoang h& crossover thanh hai phan. N6 khéng lam dugc bao nhiéu gitra hinh dang HF, MF
va LF. B phirc tap hinh hoc tam giac tang 1én theo viéc bé sung phan tur thir ba. Hién tai co nhigéu tam
giac xép chong Ién nhau, lam tidng su chong chéo véi khoang cach, thu hep pham vi bao quat.

Chung ta lac d& mot chut dé giai quyét tai san co ban cua ngudn line ghép: m6 hinh hinh kim tu
thap ghép véi viing cong. Hiéu (rng kim tu thap xuét phat tir phan tang cong am (Hinh 4.40). Dién bién
phase cla ba phan tir héi tu ban dau thanh hai viing b6 sung (va mét trong nhirng triét tiéu). Khi chang ta
di chuyén dap (rng ba phase héi tu xa hon dé tao thanh ludng &m don, 1a dinh kim ty thap. Mét khi 13p rap
kim ty thap xong, array ghép sé gia dinh dac tinh cua mét cai loa: co thé dinh nghia ONAX, ty 1& hao hyt la
6dB méi lan gép déi va goc bao quat phu hop theo khoang cach. S& khdng tim thdy nhirng méc quan trong
nay cho dén khi array ghép hoan toan (dinh kim ty thap), diéu nay sé thach thirc viéc dat micro

Ngudn line kim tu thap tam way thé hién trong hinh 4.41. Bat dau nén tang v&i cac phan tor bj co

lap (khe hé crossover) roi tiép tuc vai bay crossover hai way chong 1én dén khi n6 hoi tu thanh céng &m
vling ghép chong chéo tdm way duy nhét.

«s= Zone Progression Summation zones: Coupled line source array 1/24th Oct,
3 x third-order @ 0°
*** Crossover Line Speaker quantity effect: 3 x 3 third-order speakers @ 0° 12 x 12 meters

Zone key | 1
100 Hz
o ] [

Coupling

0.1ms Y

=

Transition,
isolation

—

Off axis, Xover

Hinh 4.39 Nhirng yéu t6 trong tién trinh cong am cua array nguon line ghép, thay déi s6 lugng
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Coupled line source array: The parallel pyramid
1 kHz, 4} spacing, %§ ——— - |
1 kHz, 3 x third- - — 2 A
order speaker —— = H
= — = 1
1x 3-wa - ——— —— r—t R
overlapplzg —t—— — |
ver e e — - — i
: = e —— —
——— —— e - presnt
— e —— - et
—— ﬁ -
e — e ——
" i ——
==t
==
2 x 2-way ‘,’,‘;: == :\%
2 - = - - - _—
overapping AN 2
crossovers /”2:_;‘- _ gs\\
ZZ AN
AR
0 e NN
77NN
i (AR '
G
) /]
Pyramid zones  Phase contours Pyramid zones
add/subtract & phase

Hinh 4.40 Kim tu thap song song cho ba phan tir

Coupled line source array: The 8-way parallel pyramid

1 x 8-way
crossover

2 x 7-way
Crossovers

3 x 6-way
crossovers

4 x 5-way
crossovers

5 x 4-way
crossovers

6 x 3-way
crossovers

7 x 2-way
crossovers

8 x singles

Pyramid zones  Level contours Pyramid zones Level contours Pyramid zones
(1st 5 zones) & level (Top 3 zones) & level

Hinh 4.41 Kim ty thap song song cho tdm phan tr

Khoang cach t¢i budec kim ty thap dau tién (crossover hai way), kiém soat béi cling yéu t6 da thao
luan & trén: goc bao quat va do dich chuyén cua phan tir. Khoang cach t¢i tirng buare tiép theo giéng nhau,
vi vay tim thdy téng chiéu cao bang cach nhan chiéu cao bu¢c cho phan nhé hon téng s6 phan tir (thi du
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chiéu cao kim ty thap gébm tam phan t&r = khoang céach t&i crossover dau tién x 7). Khi nhirng phan tir dinh
huéng hon hay tang do di chuyén, s& maé réng nhan t6 cua dé cao budc. Vi hwdng thay doi theo tan sé,
chiéu cao buéc hinh chop sé thay déi theo tan s6, khi s6 nhan co thé tao ra sy khac biét I&n trong hinh
dang két hop theo tan sé.

K&t hop loa réng mang lai d6 rdng nho hon. Két hop loa loe hep thi cang hep hon. Néu phan tir
bat dau véi LF rong va HF hep, dap (rng cua array sé két thic theo cung mot cach (twong déi vai nhau).
Su két hop sé co ti 18 hep hon tirng phan tir tai méi tan s8. Ngudn line ghép 1a may ép co héi quan binh lai.

vung cfng am -- Summation zones

Néu gilr dinh nghTa "ngudn line ghép", chiing ta co tién trinh cdng &m mot bude: ghép néi. Ving
crossover (dudng ghép) sé t6i da va canh bén (dudrng khong ghép) sé cdé mirc do t6i thiéu. Tat ca déu tét
cho dén khi c6 cai gi do thoat khoi dudng ghép. T6i giai thich Ia dong phase. Loa chiém (nhiéu) khéng gian.
Viéc gilr d6 bu phase duréi 120° ngay cang thach thirc khi tan sé tang. Vi khong c6 dudong nao dé co lap
goc, déi vi tri trén 120° ddy ching ta vao ving chai. N6 la cudc dua. Néu chiing ta hoan thanh vung bao
quat truée khi bat dau chai, ching ta sé thang (nghia la dat dén -6dB trén truc trude khi bu pha >120°).
Hay bat dau véi hai phan tir cach nhau khoang 1ms. Bat dau véi F = 33Hz (T = 30ms). D6 bu phase 1a
1/30A (12°). Chung ta thang roi. Tiép theo: F = 333Hz (T = 3ms). D6 léch phase la 1/3\ (120°). Ciing vay.
Moi cai khong sang sta khi lam 3.333Hz? Chung ta khéng thé danh bai bu phase, dat t6i da & 1200°. M{c
dé phai ra sao?

Hay nhé, bl phase t6i da (1200°) la doc theo dudrng khdng ghép, 1éch truc 90° tir crossover. Néu
loa c6 d6 bao quéat nho hon 180° thi nd sé khéng dat dén mirc dé 90°, du mirc gianh chién thang. Vi tri
quan trong la goc bén twong trng véi bude soéng 120°. Cau tra 16 cho 3.333Hz la £10, hién thj lai trén hinh
4.21. Sy dich chuyén 3A tao ra bu phase 120° diém danh ddu géc quay 10° (twong ddi vai trung tam, gitra
nhirng phan tir). Tang tan sé Ién mot bat do va ching ta chi con lam viéc véi £5°. Sé xay ra diéu twong tu
néu tang gédp doi s6 lan dich chuyén. Ching ta da thiét 1ap thang do day trugt. B6i vai thay déi cho truére,
c6 thé v hiéu hoa thiét hai vung chai bang cach giam ty 1& cua mé hinh bao quat. Chang ta sé& duy tri vi tri
clia minh néu giam pham vi bao quat mét nira khi tang tan sé gap doi. Lé ra phai cé uu diém rd rét trong
viéc ngan chan doé chai, da can bang béi tac dung phu nghiém trong: pham vi bao quat cé tan s khac
nhau. Nhung day la s6 phan ctia ngudn line ghép néu né choi véi buéc song nong dén ndi khong thé xur ly.
Néu gilr no trén chd xuéng thap, trong trai tim cua vung ghép, ching ta c6 thé mang do bao quat ra khoi
phuong trinh. Nhung néu gitr do bao quat rong dén dinh diém trong ngudn line ghép, chiing ta sé tra gia.

Ké&t luan vé nguodn line ghép -- Coupled line source conclusions

W An dinh gi&i han tan s6 ghép bang cach dich chuyén phan tir (FLIM = 0.33 x T), T la dé dich
chuyén tinh bang ms. Cho dé dich chuyén 3ms (khoang 1m), FLIM = (0,33 x 0,003). FLIM = 110Hz.

B Co thé giam hiéu (rng chai di néu thu hep m6 hinh bao quét khi c6 bu phase (do su dich
chuyén). Géc bao quat t6i da khong bj chai = dich chuyén 60°/A. Thi du: Hai nguén cach xa 4\ c6 goc t6i
da la 15° (60°/4).

B Thuyc hién loai array nay cho loa subwoofers nhung cé nhirng han ché nghiém trong bén trén.

Chung ta da co két luan dé loai bo loa bac mét va hai khoi tranh dua trong ngudn line ghép, nhung
viéc thay chai trong hinh 4.37 sé gilp giam bdt bat ky nghi ngd nao. Nhirng phan tir bac mét (rong =60°)
khong dugc vurot qua 1A. Loa bac hai cé giai rong dén 20°, twong (rng véi 3A. D6 1a 0.17ms & 18kHz
(mién la sau tir nay). Nhirng phan tir nay phai la loa cach nhau rat gan. Diéu nay cho phép ching ta co loa
bac ba co6 ty 1é lubng dm véi mo hinh bao quat clia n6 thu hep khi tan s6 tang. Khong cé phong nao hep lai
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khi tang tan sé Ién vi vay sé khong cung cdp do bao quat dong déu theo tan s6. Phan tur ty 1& lubng &m bac
ba c6 hai diéu can thyc hién: rét nhiéu ghép néi (tang céng suét) va chong 1én nhau dé dung nap nhat.
Chung ta sé sém xr dung n6 bang cach thém vai cach mé xoe ra.

4.4.2.2 Nguon diém ghép -- Coupled Point Source

Nguon diém ghép ti€p can array tir goc do khac hoan toan (khong phai la 0°). Thém goc mo vao
phuong trinh sé cho phép co ché cb 1ap mé ra nhiéu kha nang bién hinh dang array. Ching ta c6 thé trén
thir bac, gbc mé va mirc do clia loa dé dinh hinh. Nguén diém ghép c6 tinh nang ma khong cé loai array
nao khac c6 thé 1ap lai: duy tri I6)p crossover dong nhat khi mé réng khoang cach. N6 khong tu dong, va sé
thay déi theo tan s8, nhung khéng cé array nao khac co thé |ap lai diéu nay, tham chi cho mét tan s6.
Ngudn diém ghép c6 dudng chay 6n dinh. Néu géc bao quat van khéng déi theo tan s6, thi I6p crossover
sé dong nhat. D6 la nhirng cai chlng ta goi la tinh dong nhat vé pham vi bao quat. Khoang ha, do déng
nhat va vung chéng 1én nhau déu xac dinh theo goc canh va duy tri tinh cach cua né theo khoang cach.

Hay bat dau bang cap bac mot (90°) tai goc md dong nhét (Hinh 4.42). Sy tién trién cla array bat
ngudn tr XOVER (vung ghép) va dat dén dé co lap sau thdi gian ngan & vung chai. Sy tién trién nay duy
tri phdm chat goc cua né theo khoang cach. Cé thé nhin thdy hanh vi viing cb 18p trong dap rng HF. B0
dich chuyé&n nho dén néi gi¢i han sy nhiéu loan MF dén do vé hiéu -9dB trurdre khi dét nhap vao vung co
lap. D6 dich chuyén nho gitr giai LF ndm trong ving ghép hoan toan. Luu y, sy giéng hinh dang téng thé
cla HF, MF va LF, cho thdy dap (rng tan s trén vong cung bao quat 180° déu giéng nhau

Tiép theo la cép bac hai (40°) tai goc m& dong nhat (Hinh 4.43). Sy tién trién clia ving nay da nén
nhiéu géc hon cdp bac mét. Co 1ap dén nhanh hon vi filter khong gian déc cla loa bac hai. Géc mo 40°
cho két qua chéng nhau 0% (dong nhat) tai @ 10 kHz, tao ra hinh dang két hop la 80°. Ving bao quat bj
chéng chéo nhiéu & 1kHz (phan tir 100° & goc mé 40°), tao ra nhiéu chai va nhiéu goc bao phu két hop
rong hon khoang 140°. Bap rng LF twong tu nhu kich ban bac mét.

Tiép theo la phan tir cé lubng &m tuong xirng bac ba v&i dd mé HF dong nhét la 8° (Hinh 4.44).
Diém ndi bat cia phan tir dinh huéng cao nay 1a nhin thay khoang he trong dap trng HF tam gan. O rét xa
crossover da dat dén do dong nhat, n6 sé dura ra cho pham vi réng hon. Nhé lai, hé théng béac ba c6 goc
bao quat LF/MF/HF cao nhét, lam giam pham vi m¢ déng nhét thanh ra nhiéu phan &m phé nho. Ty 1&
chong chéo vugt qua 90% @ 1kHz, dan dén chiéu sau vo dung I&n hon 20dB. Sy xuét hién combing &
giai mid khong loai bd viéc xem xét array nay. Sau nay, ching ta sé thdy lugng phan tir tang sé co tac
déng manh trong array chdng chéo cao. Bay gi¢ ching ta quay lai ty 1& bao quat ctia LF/MF/HF, noi nhin
thay array hai phan tir da lam giam do chénh léch vé tan s6. Hinh dang bao quéat két hgp ma réng HF
(vung tréi la c6 1ap) va thu hep LF (vung tréi 1a ghép néi). Co thé biéu dién ty & két hop bang phép tinh gan
ding nay: %2LF/MF/2 x HF. Chlng ta sé& thdy trong chuong 9, day sé la nguyén tac dan dudng trong
nhirng irng dung loa béc ba.

Bay gi¢ chung ta tap trung vao ty I& phan tram hiéu (rng chong chéo trong giai HF cua loa bac mot
(Hinh 4.45). Phién ban co6 1ap (chéng chéo 0%) bao gom tir hinh 4.42 dé tham khao. Bang khac cho thay
dap (rng v&i chong lén nhau 50% (md& xoe 45°) va 75% (md 22°). Khuynh huéng r6 rang: Ty & chong
chéo trong (rng vai ty 18 vung bao quéat & ving chai, phan con lai nam trong vung c6 1ap. Phai kiém soat ty
I&é chéng chéo can than bét cr khi nao sy dich chuyén I6'n hon budc song. Sy chéng chéo hiéu qua nhét
khi duy tri ghép n6i qua viéc chuyén vi tri nho va kiém soat goc.
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==+ Zone Progression Summation zones: Coupled point source array 1/24th octave
2 x first-order @ 90°
**=* Crossover Line Speaker order effect: First-order speakers @ 90° 12 x 12 meters

Hinh 4.42 Nhirng yéu t6 vé tién trinh cong 4m cho array ngudn diém ghép, bac mét

*s+ Zone Progression Summation zones: Coupled point source 1/24th octave
2 x second-order @ 40°
**** Crossover Line Speaker order effect: Second-order speakers @ 40° 12x 12 meters

Hinh 4.43 Nhirng yéu t6 vé tién trinh cong &m cho array ngudn diém ghép, bac hai
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==+ Zone Progression

eses Crossover Line

Summation zones: Coupled point source

Speaker order effect: Third-order speakers @ 8°

1/24th octave
2x third-order @ 8°
12 x 12 meters

Zone key

Coupling

100 Hz

Transition,
isolation

N —

Off axis, Xover

Hinh 4.44 Nhirng yéu t6 vé tién trinh cong &m cho array ngudn diém ghép, bac ba

=+» Zone Progression

eeee Crossover Ling

Summation zones: Coupled point source

Overlap effects: 0%, 50% & 75% overlap (first-order)

1/24th octave
2 x first-order
12 x 12 meters

Zone key —900_ 1

—

Hinh 4.45 Nhirng yéu t6 vé tién trinh cong 4m cho array ngudn diém ghép, hiéu trng chéng chéo
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Tién trinh ving c6ng 4m -- Summation zone progression

Cé thé lam chay tur ghép néi sang cd lap ma khéng bi chai, nhung chiing ta khéng nén thira nhan
minh thua néu da chay toan bé tién trinh cdng &m bay budc. Ching ta cé thé giam thiéu viéc chai gan
crossover nhurng khong thé loai bo no luén. Ving cé 1ap 16'n nhat c6 crossover mé dong nhat. Khi thir bac
loa tang 1én, viéc loc khong gian tang 1én, tang phan tram vung bao quat trong vung muén cé (ghép noi va
0 1ap). M6t 1an nira day chinh la cudc dua, nhung ¢6 1ap goc sé cung cép mirc do bu khi ching ta di vao
bu déng phase rac réi. Ching ta c6 thé xir dung loa bét ky thir bac nao, chon chia banh pizza thanh nhiéu
miéng I&n hay nho.

4.4.2.3 Diém dén diém ghép -- Coupled Point Destination

Chung ta khéng can phai tén nhiéu thoi gian vao array diém dén diém ghép. Hanh vi am thanh cua
né c6 goc trong tu nhu ngudn diém, nhung ¢é tiéu diém chuyén ti€p. Ché loa vugt qua (diém dén) tror
thanh nguon diém thay thé. N6 cling nguyén ly v&i guong 16m. Khiém khuyét chinh clia diém dén diém
ghép la co hoc va thure tién. Khong co réi loan I6¢ xoay & phia truée loa vi ¢6 thé tin vai loai. Chon loai
array nay chi khi bj ép budc, nhu ludng am hinh chir | dang khoa horn cua array nguén diém. Chang ta ¢
thé dét ngon Itra han xi hay lat ngugrc nhiéu cai va lam cho diém dén co thé ti€ép can khan gia.

Dai véi array diém dén ghép

B Co6 chirc nang twong duong vai ngudn diém ghép (goc mé, tan sé, v.v).

B Rui ro phan déi tr phan tir 1an can tang theo s6 lwgng va téng goc mao.

B Khong thé lam array qua 90° vi phan tir nay nhdm huéng ti phan tir khac.

B Driver horn & phia sau thling tao ra hinh dang khéng thuan Igi. Array diém dén diém thudng cod
d6 dich chuyén cao hon déi tac la nguén diém c6 goc tuong duong.

B Chi wvu tién khi hau can vat ly thang ddi tac ngudn diém.
4.4.3 Array khéng ghép -- Uncoupled arrays

Bay gid, ching ta thém co ché cd lap thir hai: d&i chd loa xa ra, tirc 1a khdng ghép ndi nhau nira.
Chung ta phai tra gia vé gain cong suét nhung thém kha néng dinh hinh khong co trong array ghép: mé
rong phia bén va phia trudc ra. Phai danh gia array khdng ghép trong giai doan tién trién theo khoang cach.
Phan tr bat dau 1a nhirng soloist rét ré rdi tao ra nhirng bo doi, bd ba va toan bd giai diéu. Ching ta sé
thdy, su hda ho'p ngot ngao thudng két thuc & bo ba (trio) va bat dau té hon tir dé.

Pham vi tién trién cho series khong ghép mé réng --
Range Progressions for an Extended Series of Uncoupled

Phan tir -- Elements
B Trudc bao quat (Pre-coverage): c0 18p (A) dén khoang hd (XAB) dén co lap (B) va tro di.
B Dudng dong nhét (Unity line): co 1ap (A) dén dong nhat (XAB) dén cb lap (B) va tré di.

B Dudrng gici han (Limit line): ¢ lap (A) dén choéng chéo (AB) dén chdng chéo (ABC) dén chong
chéo (BCD) va tr¢ di.

B Sau bao quat (Post-coverage): chong chéo (AB) dén chong chéo (ABC) dén chdng chéo
(ABCD) va tro di.
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X dung pham vi truéc bao quat cho nhirng loa fill trong khu vyrc solo. Budng dong nhét duy tri
pham vi nh&t quan theo nguyén tac crossover I&6p dong nhét. Pudng giGi han chi ra noi co6 nhigu dudng
dan véi thori gian bu khac nhau cho da s vung chai. Khu vire bao quat déng déu nhét nam gitra dudong
dong nhat va gi¢i han. Trong that té, ching ta thiét ké hé théng khéng ghép dé chuyén tiép do bao quat
cho nhirng hé théng khac & dudng gidi han. Ngoai duwdng gigi han c6 co dai cua ving chai song rat cao.

Vi tri clia c6t méc nay bi anh hudng béi sur bao quat cua phan tir (thir bac clia loa), khoang cach
va goc mé. Loa hep ddy diém bat dau sau hon, cling nhu khoang cach réng hon va xoe rdng ra ngoai. Loa
réng, khoang cach gan hon va xoe vao bén trong, ddy nhanh do tién trién.

Tién trinh trong pham vi cho thdy c6 thién vi ro rang déi véi thr bac cua loa. Co thuan lgi dé co tat
ca tan sé déu tién trién qua tirng vling cung nhau. Chlng ta khéng muén giai LF va MF bj chai sau bao
quat khi giai HF cu6i cung da cham dén dudrng dong nhét. Phan tir array khéng ghép ly tudng sé cé lubng
am phang trén toan bo giai tan s6. Digu nay khéng that t& nhung ching ta ¢ thé mo vé né, eh? Vé mét
that t€, ching ta tim doan béng (plateau) cua ludng 4m dai nhét c6 thé co. Day la thu tuc van hanh tiéu
chuén cho loa bac mét. Cho dén nay, ho wa thich phan tir khéng ghép, trong dinh dang I&'n va nho. Loa
bac hai c6 thach thire 16'n. Poan bang lubng &m dai & goc hep doi hoi horn I6'n. Chung ta co thé coi day la
loa front-fill ctia 1& hoi, mé ra vai mét rao chan an ninh dé di, trudc khi tdn cong khan gia. Birng mong thay
no tai Wicked. Loai loa bac ba khong cé & day.

=s= Zone Progression Summation zones: Uncoupled line source 1/24th octave
5 x first-order @ 0°
12 x 12 meters

---------

crossover Line Distance effects: First-order speakers @ 3 m spacing

=

Transition,
isolation

Off axis, Xover

Hinh 4.46 Nhirng yéu t6 vé tién trinh viing cong 4m cho array nguon line khong ghép, loa bac mét
4.4.3.1 Nguon line khong ghép -- Uncoupled Line Source

Nguon line khdng ghép chi khac vai anh em ho c6 ghép la thang do. Khong la chi tiét nho, tuy
nhién, chi vi khéng c6 thang do budc song. Sy ghép néi clia kim ty thap song song sé bj gi¢i han trong
giai LF. Mong hiéu suét thay doi nhiéu bén trén do. Array khéng ghép c6 hanh vi lién tuc, v&i khuynh
hudng ghép thién vé giam tan sd, c6 1ap va chai néu tan sé tang.
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Chung ta bat dau bang bé gdm nam phan tir bac mot cé khoang cach 3m (Hinh 4.46). Luu y, dap
(rng dé lap lai chu d& nam ngang nhung khac nhiéu vé chiéu sau, tinh nang tiéu chuén cua tét ca array
khong ghép. Biéu nay twong phan véi array ngudn diém ghép, gitr hinh dang goc cua no theo khoang cach.
C6 thé nhin thay vung khe ho trong dap rng HF tam gan. Sy tién trién viing cong am dau tién la dudng
crossover cua |&p déng nhét, thay thé cho ving c6 1ap tai ONAX va ghép tai XOVR, v&i sy chuyén ti€p
sang gitra vung chai. Vj tri doc theo dudng nay sé hudng dé déng nhat va mién dich gon séng cao nhét.
Chung ta danh mét vung cé lap khi di siu vao it nhat hai loa c6 viung bao quat phan chia (hay nhiéu hon
nira). Nhigu dudrng dan nhiéu tao ra nhiéu tang cong 4m chai. Nh¢ lai kim ty thap song song cé nhiéu
mirc do. N6 dé tro lai, nhurng trong trrd'ng ho'p nay, no tan sat dap rng bang chai hon la tap trung no véi
ghép. Kiéu dét ngang doc nay ngay cang day déc khi ching ta vao sau hon, véi nhirng peak va dip thay
doi theo tan s6 va vi tri.

Tim thdy d6 dong nhat t6i da trén chiéu rong trong khoang gitra dudng crossover dong nhat va
dudng gigi han (chiéu sau cé ba phan tir héi tu). Chai ngay cang vugt tréi gigi han, cé nghia la ching ta
can hé théng khac dé vurgt qua pham vi bao quat. Quan hé gilra duwd'ng déng nhét va gi¢i han thi don gian
d6i vai ngudn line (gia str phan tir va khoang cach déu tuong rng): Budng gigi han gép déi khoang cach
cla dudng dong nhéat. Néu dong khoang ho lai 2m (dud'ng dong nhat) thi chiing ta mudn két thic bira tiéc
& 4m (dudng giGi han). Hay chuyén sang dap (rng LF, chd co thé thdy kim tu thap song song, bang chirng
cla khoang cach da du gan dé duy tri nguon line ghép trong pham vi nay.

Hay thay déi thanh phan tir bac hai, kéo dai khoang cach dén dudng dong nhét va mé réng
khoang hd, nhung chi vai giai HF (Hinh 4.47). Bap rng MF (va dud'ng dong nhat MF) giéng nhu truéc
day, co6 nghia vlng chuyén tiép dang tién trién & nhiéu chidu sdu khac nhau. Giai MF da chéng lén nhau
trudre khi HF dong khoang hé. Cach duy tri dwdng dong nhét theo tan s6 don gian nhét la xay dung no véi
phan tir nhat quan theo tan s6 (nghia la chigu réng ludng &m phang trén giai réng). Mang diéu nay qua cho
tat ca cau hinh array khéng ghép.

Tinh nang vong ba cé hé thong horn bac hai bj tang diéu khién dinh huwdng HF va MF (Hinh 4.48).
Diéu nay mé réng sur tién trién crossover & mirc gan nhu cung ty 1& trong ca hai khu vyrc HF 1an MF. Khu
vuc bao quat dong nhat (gitra dudng dong nhat va giGi han) bat dau sau do va cé phan ma rong chiéu sau
I&n hon hé théng bac mét, cho du dé dich chuyén giéng nhau.

Nhirng phan tir bac mét cé doan bang (plataeu) lubng &m mé réng, thich hop cho (rng dung line
khong ghép. Hé thong bac hai cling cé thé hoat dong t6t khi digu khién hudng cua n6 mo réng ra dugi giai
tan HF. Phan tir bac ba thi khéng phu hgp vi hinh dang khéng nhét quan cua no.

4.4.3.2 Nguon diém khéng ghép -- Uncoupled Point Source

Nguon diém khong ghép da xr dung ca hai co ché cé lap: goc va dich chuyén. N6 khéng chia sé
tinh nang quan trong nhat cua déi tac ghép cho nd. N6 khong thé duy tri mot crossover I6p dong nhét qua
khoang cach vo han. Suy nght vé n6. Chd dong nhat xde ra trong ngudn diém ghép lam cho nhirng canh
bién cham nhau, mai mai. Kéo no6 xa ra va c6 khoang hé, mai mai. Sy dich chuyén 3m va géc mé dong
nhét c6 nghia né sé khdng bao gid gdp nhau (cach nhau 3m). D6 la cach quan ly hanh lang di & gidra! Néu
mudn sy dong nhat & noi nao do, ching ta sé can vai goc chong Ién nhau dé bu cho doé dich chuyén cluia
ngudn. M6t khi da dong khoang ha, array nay sé c6 chiéu sau hoat dong I&n hon nguon line khong ghép
vGi khoang céach tuong déi, vi phai mat nhiéu thi gian dé phan tur thir ba dat dén diém dau tién hon (goc
xa cach nhau gép doéi). Quy trinh thiét ké bao gém viéc chién lwgc bd tri va phat trién dé dat dugc do dong
nhat mudén co va vj tri dwdng gi¢i han (bao goém trong phan 11.5).
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Progress Summation Zones: Uncoupled line source 1/24th octave
Zons - P 5 x second-order @ 0°
**** Crossover Line Distance effects: Second-order speakers @ 3 m spacing 12 x 12 meters

Hinh 4.47 Nhirng yéu t6 vé tién trinh cOng 4m cuda array ngudn line khdng ghép, loa bac hai

sss Zone Progression Summation zones: Uncoupled line source 5 1/24mmv3 "
X secnd-order
Seee Crossover Line Distance effects: Second-order hom speakers @ 3 m spacing b oz
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Hinh 4.48 Nhirng yéu t6 vé tién trinh cong &m cua array nguon line khéng ghép, loa horn bac hai
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75%

s+ Zone Progression Summation zones: Uncoupled point source
***+ Crossover Line Distance effects: 75% source overlap (22°), first-order

1/24th octave,
3 x first-order @22°
12 x 12 meters

Hinh 4.49 Nhirng yéu t6 vé tién trinh cong &m cua array nguodn diém khéng ghép, bac moét, chéng chéo

sss Zone Progression Summation zones: Uncoupled point source array 1/24th octave,
3 x first-order @ 45*
seee Crossover Line Distance effects: 50% source overlap (45°), first-order 12 x 12 meters

Hinh 4.50 Nhirng yéu t6 vé tién trinh cong &m cua array nguodn diém khéng ghép, chong chéo 50%
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Chung ta bat dau lai v&i nhirng loa bac mét va tiép tuc khoang cach 3m. Trong kich ban dau (hinh
4.49), chung ta mé& xoe nhirng phan tir cd 75% chong chéo, mé rong nhirng khe hd va chiéu sau dudng
dong nhat vurot qua ngudn line. Khu vure trung tam 1a khu vyre bi tac déng nhiéu nhét vi né bi che phu gap
ba lan & gitra bang. Tac déng ndi bat khac & day la sy tuong (rng vé hinh dang cua dap (rng LF v&i hinh
dang cua MF va HF hinh thanh qua khoang cach. Ba giai nay déu c6 dudng vién téng thé trong tu nhau &
giai déng nhéat (su két hop clia dich chuyén va cb lap goc). Bap rng LF thu hep lai khi né ti€p tuc hanh vi
kim tu thap.

Kich ban thir hai, m& goc xoe t&i dé chéng chéo 50% (Hinh 4.50). Vlng c6 18p I&n I6'n thdng tri
bang dap irng HF. Nhirng phan tir bén ngoai sé khdng bao gio gép vi n6 cé goc bi co lap va léch 6m.

Con dudng cb 1ap 1a goc va dich chd. Biém dén khong ghép sé quay goc vao trong, cho ra "su co
lap ngugc". Cach giai quyét la dich ché. Diém dén diém khoéng ghép la loai array bién déi khéng gian nhat
va la céng cu can thiét cho ching ta. Sy thay déi tang khi chiing ta xoay géc vao bén trong, giam pham vi
bao quat c6 thé xir dung dugc.

Biém dén khong ghép doi xirng cd dap rng dong nhat t6t trong khu vurc trude-bao quat co lap, noi
c6 nhiéu loa solo hon phan tir array. Loa Infill giéng nhu cai nay. Méi cai déu che canh bén va ching ta gitr
cai mii & gilra. Ban c6 dirng yéu né khong khi nha phé binh luén ngdi & d6? Phién ban déi xirng khac la
bén trai va phai hé chinh (néu pan sang mét bén va chay mono). Hinh thirc déi x(rng wa chudng nhét la hé
monitor side-fill. N6 sé& lam cho ban cam thay t6t hon, hay té hon, dé biét cAu hinh nay c6 sai biét khong
gian cao nhat theo théng ké khong? Co trudng hop x4u nhat va ding nhu vay.

Phién ban bé&t déi xirng phé bién nhat la két hgp loa hé chinh + delay. M6 hinh bao quat chong
chéo nhau nén co ché c¢6 1ap thanh ra bat doi xirng (hé delay giam nhanh do khoang cach gép doi cua no).
N6 gép nhau & crossover nhung co thé tiép tuc & mirc do gan giéng, chi trong giai han ché. Nhirng phién
ban bat doi xirng khac bao gom loai array bién thé cua array (thi du: néi hé chinh (main) t&i front-fill & hang
thtr ba).

Chung ta bat dau v&i cdp loa bac mét, phai ddi mat 45° vé phia trong (Hinh 4.51). Tim thay
crossover dong nhat (XOVR) noi mé hinh & gilra giao nhau (diém dén), nhung day phai la loai déong nhét
khac. Nhirng array khac ghép nhirng canh OFFAX v&i nhau dé xay dung crossover dong nhét, phu hop
vai vi tri ONAX bj ¢6 1ap. Trong array nay, ching ta cé vung ghép ndi tai dudng trung tam trén truc va hinh
nhu da bién mat viing c6 Iap. Loai crossover lai nay goi la gi? Bong nhat v&i chd nao? Tim ra vij tri dong
nhat (ONAX) & gilra khoang cach loa va XOVR. Tai sao? Ching ta quay trd lai luat binh phurong nghich
dao: Gap doéi khoang cach sé mét 6dB. Chung ta mat 6dB & diém nam gitra (ONAX) va crossover (XOVR)
nhung sé& duoc tra lai trong ving codng &m ghép. Loa tai chd nén chiém [inh vi tri gitra diém nay bang mic
doé cao, do do diéu nay sé t6t vi phu hop v&i dap (rng clia vung ¢6 lap. Bang c6 mat vai hanh vi quen
thudc: Khu vure ¢6 lap (ONAX) la khu viure 6n dinh nhét va it nhét la khu vire XOVR. Chuyén dong gitra
XOVR va ONAX lam thay d6i khoang céach gitra nhirng ngudn (chai-combing), nhurng khong nhét thiét phai
tao c6 lap theo goc (van co thé bao quat bang ca hai loa).

Bay gid chang ta c6 hai diém tham chiu trén ban do, co thé bat dau phan tich phdm chét khong
gian cua array nay. Vung céng am tién trién theo nhiéu hudng ra bén ngoai tir diém crossover. Khu vuc
quan tam chinh tap trung quanh ONAX. Chung ta cé thé tim nhirng diém ngoai truc khong lién quan dén
goc va tir day sé xac dinh vling bao quat. Tién trinh cong am tiéu chuén van ton tai khi di gitra ONAX va
XOVR, mac du bj chai rat ky. Vung dat bén ngoai XOVR la vung hoang da, bj chi phdi bai viéc chai.
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ess Zone Progression Summation zones: Uncoupled point destination 1/24th octave,
2 x first-order @ 45°
* Crossover Line Angle effects: 45° between sources | 12x12meters
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Hinh 4.51 Nhirng yéu t6 vé tién trinh cOng &m cula array diém dén diém khdéng ghép, goc tac dong 45°

Chung ta c6 thé tang goc md bén trong t&i 90° (Hinh 4.52). Khi ti€p can céi loa nao do, ching ta
dang chuyén dong vudéng goc vai cai khac. Diém tham chi€u déu nhu nhau: diém gitra (c6 lap) va
crossover (ghép). Su thay d6i géc chi tac dong &m tham (mute) gitra hai diém tham chiéu nhung co tac
dong rét rd rét dén nhirng khu vurc chung quanh. Khi géc tang, téc do dap trng thay déi & nhirng khu vure
ngoai vi cling tang theo ty 1&. Thém vao doé, khu vurc co ty & bao quét thira, dich chuyén ving bao quat MF
va HF cao, tao ra kich ban bj chai xau nhat.

Vé&i goc 135° xoay vao trong (hinh 4.53), chai sé phé bién hon va cudi cung ching ta di dén goc
xoay vao trong I6'n nhat: 180°. Array nay co sy khac biét khong ro rét, co chuyén dong vao vung chai
nhanh nh&t va cé kha nang thoat ra nhd nhat. Néu nam trong pham vi bao quéat cia mét phan tur, chang ta
cling ndm trong pham vi bao quat cta cai khac. Chac chan né nhu vay. Ty 1& thay d6i sé cao nhét vi
chuyén dong t¢i mét phan tir la théng 1é (de facto) cua chuyén déng di tir cai khac.

Chung ta chuyén sang phién ban bét déi xirng cua array nay. Ung dung phd bién 1a loa delay két
hop v&i hé chinh (Hinh 4.54). Di chuyén loa, nhurng c6 cung goc dinh hudng, do do, ca hai déu cung
dudng "trén tryc". Giam mdrc do loa delay xuéng, cho phép ching ta c6 giai két hogp déong nhat. Tham
chiéu ONAX nay la chuyén ti€p cuia delay, va phu thudc chinh xac vao viéc ching ta muén né (rng dung &
chd nao. Chang ta thiét 1ap mirc do sao cho khach quen (patron) trong khu vurc delay (XOVR) phu hop v&i
mirc do két ho'p v&i nhirng céi & gitra hdi tredng (tam bao quét clia hé chinh c6 1ap). B&t dau tich luy bu
thoi gian va do twong tac gitra nhirng ving bj chai khi chiing ta di chuyén khdi XOVR. Mirc béat déi xirng
han ché pham vi cua sy tuong tac khu chai ky khi ching ta r&i khu vure crossover vi loa hé chinh duy tri
mirc d thong tri trén hau hét khu vyre, do khoang cach cua né tang gép doéi. Khong thé tranh bj chai trong
moi trud'ng hgp, nhung, giéng nhur ddi tac ddi xirng clia no, ty I thay doi bi anh hudng rét I6n bai mai
quan hé gobc gitra nguén. Hinh 4.54 cho thdy mdi quan hé cua goc do vai ty 1& thay déi cho array nay. Ty I&
tuong tac vung chai sé tang khi géc 16n 1én.

FR
Sound & Lighting



*== Zone Progression

ees* Crossover Line

Summation zones: Uncoupled point destination

Angle effects: 90° between sources

1/24th octave,
2 x first-order @ 90°
12 x 12 meters

Hinh 4.52 Nhirng yéu t6 vé tién trinh cong &m cua array diém dén khong ghép, hiéu (rng goc 90°

Summation zones: Uncoupled point destination
Angle effects: 135° between sources

1/24th octave,
2 x first-order @ 135°
12 x 12 meters

Hinh 4.53 Nhirng yéu t6 vé tién trinh cong &m cua array diém dén khong ghép, hiéu (rng goc 135°
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=+ Zone Progression Summation zones: Uncoupled point destination 1/24th octave,
2 x first-order @ 180°
=*** Crossover Line Angle effects: 180° between sources 12 x 12 meters

Hinh 4.54 Nhirng yéu t6 vé tién trinh cong &m cua array diém dén khong ghép, hiéu (rng goc 180°

++ Zone Progression Summation zones: Uncoupled point destination 1/24th octave,
2 x first-order @ 180°
s**+ Crossover Line Angle effects: 0°, -9dB with delay 12 x 12 meters

Hinh 4.55 Nhirng yéu t6 vé tién trinh cong &m cua array diém dén khong ghép, hiéu (rng goc va mirc do
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Temperature effects on speaker/speaker summation
C} T Main 1
o o C C <« — "’C] : T
C F T Delay T Delay spkr A
Temperature Temperature Sound speed Main Spkr Delay Spkr Synchronised Change from room Comb filter
Degrees (C) Degrees (F) change (%) Arrival (ms) Arrival (ms) delay time (ms) temp setting (ms) | frequency (Hz)

10.0 50 2.15% 127.69 2554 102.15 -2.15 465
11 52 1.96% 127.45 2549 101.96 -1.96 510
122 54 1.76% 127.20 2544 101.76 -1.76 568
133 56 1.56% 126.95 2539 101.56 -1.56 641
144 58 1.37% 126.71 25.34 101.37 -1.37 730
156 60 1.17% 126.46 25.29 101.17 -1.17 855
16.7 62 0.98% 126.23 25.25 100.98 -0.98 1020
178 64 0.78% 125.98 25.20 100.78 -0.78 1282
189 66 0.59% 125.74 25.15 100.59 -0.59 1695
20.0 68 0.39% 125.49 25.10 100.39 -0.39 2564
211 70 0.20% 125.25 25.05 100.20 -0.20 5000
222 72 0.00% 125.00 25.00 100.00 0.00

233 74 0.20% 124.75 2495 99.80 0.20 5000
244 76 -0.39% 124.51 24.90 99.61 0.39 2564
256 78 -0.59% 124.26 2485 9941 0.59 1695
26.7 80 -0.78% 124.03 2481 99.22 0.78 1282
278 82 -0.98% 123.78 2476 99.02 098 1020
289 B84 1.147% 123.54 24.71 98.83 1147 855
30.0 86 -1.37% 123.29 24,66 98.63 1.37 730
311 88 -1.56% 123.05 2461 9844 1.56 641
322 20 -1.76% 122.80 24.56 98.24 1.76 568
333 92 -1.96% 122.55 2451 98.04 1.96 510
344 a4 -2.15% 122.31 24 .46 97.85 2.15 465

Hinh 4.56 Tac dong vé nhiét d6 trén tuong tac gitra loa va loa
4.4.4 Tac déng mdi trudng -- Environmental effects

TruwGe day, ching ta da thao luan vé tac dong nhiét do trén téc dé Am thanh (phan 3.2.8.2). Tat ca
thanh phan céng am déu co6 t6c do thay d6i &m thanh cla né bang ty 1& nhu nhau (mién la tat ca déu trai
qua sy thay déi nhiét do giébng nhau). Phan tram thay déi la ty 1&, nhung ching ta phai nhé thdi gian bu thi
lai khac. Nhirng dudrng truyén dai sé tich luy nhiéu thay déi téc dé hon dudng ngan cho viéc thay déi nhiét
do6 nhat dinh. Thoi gian delay chung ta dat khi trdi lanh, khéng con lanh nira. Biéu do tham khao cé trong
hinh 4.56.

4.5 Cong am cua Loa/Phdong -- Speaker/Room Summation

Dang thirc thay phién nhau cua crossover am thanh khéng gian la cong am cua &m thanh tryc ti€p
va phan déi. Cho gon, chling ta sé dé cap dén diéu nay giéng nhu trong phong (ngay ca khi & ngoai trori).
Tién trinh cong &m cua am thanh tryrc ti€p va phan doi trong phong tuong ty nhu trong tac cua loa tai
khoang chia khéng gian da thao luan trwéc day. Khdng co gi bat ngd bai vi twrdng, san va tran déu co
nghia den: "com-pa khong gian". Hoat déng phan doi cua nhirng bé mat nay sé cu xtr nhu thé no la
nhirng loa b6 sung thém am thanh vao khu vurc nghe cla ching ta. B8i vai méi cdu hinh loa/phong, chat
lurgng array loa ciling gi6ng nhau. Chang ta tap trung diéu tri nhirng phdm chét chung nay, va tuong phan
lai n6 theo yéu cau. Biém chung chia sé gilra nhirng ki€u crossover nay rat I6'n, sy hiéu biét vé cong am
loa/loa sé cho chung ta biét hau hét nhirng cai can biét vé cong am cla loa/phong.

4.5.1 Charc nang tuong tu
So sanh va tuong phan vé coéng am cua loa va phong
B Didu tiét ca hai loai trong tac bang tinh chat ctia cong am.

B Chién lrgc cong am t6i wru bat ngudn tir cung khai niém.
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B Phan ddi trong phong la twong quan gitra cong &m vén cé vai am thanh tryre ti€p. Twdng cling
hat cung bai hat v&i &m thanh nao cham vao no.

B Co thé tiép tuc phan doi trong thdi gian dai khi di chuyén tir bé mat nay sang bé mat khac chung
quanh phong. D6 bu théi gian gitra Am thanh trurc tiép va phan déi co thé vurgt qua thoi gian clia
tin hiéu ban dau, do d6 vugt qua yéu cau vé thai gian chéng chéo.

W Rat it bé mat doi lai tat ca tan s6, phase va goc phan déi & mirc twong irng. B& mat qua phurc
tap ma chi ¢ dic tinh phan déi twong duong map mé cla né méi co thé dugc khdng dinh & day.
Sy phirc tap tao ra cdng &m phu thudc tan sé. Tuy nhién, trén co s tirng tan s, sy twong dong
gitra loa/loa n6i chung la du.

B Ngoai trir nhirng hiéu (rng filter da trich dan & trén, crossover gitra phong/loa la "ty sép xép",
tire 1a né khong thé dao ngugc cuc, phu hgp ding thdi gian va mire do tai diém crossover (bé
mat).

Nhirng bé phan tuong ty -- Analogous Organs

W Khoang cach gitra loa va bé mat twong tu nhu diém gitra nam gitra hai loa.

B Goc gilra loa va bé mat twong tu v&i mot nira géc mao gitra hai loa.

B Pham vi bao quat cua loa that va phan déi v&i loa "ao" phu hop.

B B& mit la crossover khéng gian (dudng ghép). Am trurc tiép va phan doi dong phase va co thé
c6 mirc dé bang nhau (néu khoéng bi hap thy).

B Sy hap thu bé mét twong tw nhu sy suy giam cua loa thir hai.
B Ghép néi véi sy phan doi bé mét twong tu nhu ghép ndi loa/loa.

Co nhirng can nhac that té ddi véi crossover khong gian, dat trén bé mét toa nha. Thinh gia cla
chiing ta sé khdng bi nhiing vao tang, two'ng hay dang chu y nhét, tran nha, vay ching ta cé nén dat né
trong thao luan khong. Chuang ta khong thé thao luan vé sy ghép néi, chai va co 1ap ma khong co ky thuat
diéu khién nd: cong am tir ngudn ao phia sau tuong. Loa ao "vurot qua” vao thé gigi cua ching ta tai
tudng, vi vay chiing ta phai bao gém nhirng ngu¢i choi do trong tro choi cong am.

M6 phéng cdng am loa/phong béng tia sang theo déi dwdng dan cua loa that va loa "ao" dai dién
cho phan déi. Sy twong quan hoan hao gitra ngudn that va ao sé doi hoi bé mat c6 chét luwgng phan déi
hoan hao. Banh gia bé mat khuéch tan phirc tap ndm ngoai pham vi sach nay, vi vay day chi la phép tinh
gan dung. Bau tién, ching ta gia dinh tat ca bé mat déu phan déi 100%, nhu thurdrng thady trong phong cod
thiét k& bai kién tric su ndi tiéng.

4.5.2 Kha nang nghe crossover -- Crossover audibility

Chuong cudi cung vé kha nang nghe crossover la trong phong. Khi b6 tri high-hat & phia truée
balcon, chiing ta dang tim qua crossover tai nguon loa ao (virtual).

Kha nang nghe crossover trong phong phan anh khoang cach khéng gian cua loa/loa. Nguy co
phat hién tang lén v&i goc mé rong. Mét 1an nira, ching ta nhay cam véi mat phang ndm ngang hon, do
sy dinh vj clia hai tai ching ta.

Chong chéo qua mirc sé lam mat vj tri nguén phan doi. Ching ta khong thé dong bd hoa & bat ky
vj tri nao ngoai trir & crossover (bé& mat). Tai nhan biét hai nguén riéng biét (tiéng vang r&i rac), khi nhirng
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phan doi manh qua dai. Giéng nhu cong 4m loa/loa, ham lugng tan s6 cao tang manh sé tang nguy co
dinh vi hoa.

4.5.3 Loai céng am loa/phdng -- Speaker/room summation types

C6 hai ho loa/phdng (ghép va khdng ghép) va ba loai quan hé (song song, goc huéng ngoai hay
hudng néi). Nghe cb vé quen khdng?

O day, ghép néi co cling ¥ nghia. Loa subwoofer xép chdng 1én nhau (ghép) déu du gain va khong
hao hyt. B& mat nao khong ghép sé sinh ra chai. Tim thdy nhirng yéu t6 khoang cach/buéc song giong
nhu twong tac loa/loa & day, mac du & quy mo Ién hon (phong thudng I&6n hon array loa).

Luu y: Trir khi ¢6 quy dinh khac, phan nay gia dinh bé mat c6 phan déi 100% & tat ca tan s6. M6 ta
coéng am trén mét phang duy nhat, doc hay ngang (Hinh 4.57).

4.5.3.1 Mt phdng song song ghép -- Coupled Parallel Surface

Chong loa trén san phang la array thong thuéng, cé tén riéng dac biét: tai mét nira khong gian
(half-space loading). M6t ntra birc xa hinh cau da doi tré lai, ddng phase véi bé mat, tang mirc dé 1én dén
6dB. Cling m6t bé mét tao ra chai trén giai tan so loa subwoofer. Viéc nay sao chép array nguon line ghép,
da thao luan truégc day (Hinh 4.58).

Speaker/room interaction types

Coupled Uncoupled

Parallel surface (0°)

Speaker is oriented in paraliel
to the surface.
Analogous to line source array

Outward angled surface
Speaker is oriented away from
the surface.
Analogous o point source array

Inward angled surface (<0°)

Speaker is oriented inward toward the
surface.
Analogous to point destination armray

Hinh 4.57 Nhirng loai twrong tac gitra loa va phong
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*ss Zone Progression Summation zones: Coupled parallel surface 1/24th octave, first-
order, Surface @ 0°
*** Crossover Line Angle effects: 0° between real and virtual sources 12 x 12 meters
Zone key

e g Rigid Wall

Off axis, Xover

Hinh 4.58 Nhirng y&u t§ v& tién trinh viing cong 4m cho mét phéng song song ghép
4.5.3.2 B& mét goc quay ra ghép -- Coupled Outward Angled Surface

Tiép theo, ching ta s& m& mét loa ra ngoai ra tir bé méat ghép (Hinh 4.59), twong tu nhu nguén
diém ghép (Hinh 4.42). Goc m¢ tor bé mat béng vai goc ma tur gitra dén méi loa trong array ngudn diém
ghép. Géc maé dong nhét sé dat bire tudrng tai diém bao quat -6dB.

4.5.3.3 Mt phdng song song khéng ghép (uncoupled Parallel Surface)

Loai khéng ghép dau tién 1a bé mat song song nhu trong hinh 4.60. Khoang cach dén bé mat
tuwong ty nhu diém-gitra, gitra nhirng phan tir cua loa trong array ngudn khong ghép, thi du: 3m dén tudng
s& bang 6m tr phan tir nay dén phan tir khac (mdi 3m dén gitra). Giéng nhu mé hinh array, phan déi sé
lam suy giam d&u dan theo khoang cach. Khoang cach téi tuorng co cung tac dong rat ngan pham vi ti loa,
cling nhu sy dich chuyén giira nhirng phan tir ctia array. Thi du & day cho thdy mot cap bé mat doi xirng,
cé loa & gilra. Di chuyén loa ra khoi trung tam tao ra khoang cach bat déi xirng, phia gan c6 pham vi gan
hon 1a xa. Luu y, hién dién kim ty thap song song trong dap trng LF, chac chan sé xuét hién chuyén nay
khi cé diéu kién la tap trung va déi xirng.

4.5.3.4 B& mit c6 goc huong ngoai khéng ghép --
Uncoupled Outward Angled Surface

Loa khong ghép v&i bé mat va cé goc huéng ra ngoai (hinh 4.61) sé tuong tu nhur array nguon
diém khong ghép (Hinh 4.49). Ap dung nhirng can nhic tuong tu nhung cé vai lru y b sung can quan
tam. Truéc day chang ta da quan sat thdy, néu goc mé va goc clia phan tir bang nhau thi array ngudn
diém khong ghép sé c6 khe hé mai mai. Co thé xtir dung viéc nay cho lgi thé that té, cho ching ta phuong
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tién che vung bao quét doc theo khu vurc chd ngdi ma khdéng chéng chéo vao tuérng bén canh hay tran nha.
C&u hinh bé mat hudng ra ngoai cho vai dé 6n dinh tam xa, phat hién sém trong array nguén diém.

4.5.3.5 B& mat hudng vao trong khéng ghép --
Uncoupled Inward Angled Surface

Truéc day, ching ta da thay array diém dén diém khong ghép co ty |é chai cao nhat. Chéng co gi
ngac nhién khi bé mét twong ty ciia n6 lam nhu vay. Birc twdng bén trong (Hinh 4.62) mang nang lwgng
trén truc quay tré lai trung tdm ving bao quat. Khi goc clia bé mat huéng trong tang 1én, co6 nhu cau phai
hap thu (hay pha hay) no.

== Zone Progression Summation zones: Coupled outward surface 1/24th octave, first-
order, Surface @ 45°
*** Crossover Line Angle effects: 90° between real and virtual sources 12 x 12 meters
Zone key 10 kHz
Coupling

Rigid Wall

=

0
.
-
o
5
=
‘.-_‘
.
5

Virtual

Off axis, Xover

Hinh 4.59 Nhirng yéu t6 vé tién trinh viing cong 4m cho bé mat huéng ra ngoai ghép nai
Tac dong -- Effects

Bé& maét binh thudng (twdrng phia sau dién hinh) 1a cdu hinh c6 khéng gian I&'n nhét cho téng thé
loa/phong (Hinh 4.63). N6 tuong tu nhu array diém dén diém 180° (loa monitor side-fill). C6 khia canh
dang khuyén khich trong cach giai phau, giup ching ta giam dugc tac dong cam nhan cua dang cong am
nay: tai ching ta tur chai tir phia trugre/sau. Tuy nhién, loai tud'ng nay thudng can dé hap thu I6n hon bat
ky loai nao khac.

4.5.4 Tac dong hép thy -- Absorption effects

Chirng nao con thao luan vé sy hap thu, ching ta c6 thé xem xét tac déng nay sé co trén cong am
clia tworng binh thuwdrng. Hinh 4.64 cho thay két qua ciia Am thanh gach cach am trén bé mét so véi bé mat
clrng da thay dén thoi diém nay. Két qua dang khuyén khich, vai viéc giam cong am vlng chai & HF va
dap (rng mid-range & mdrc do thap hon.
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Summation zones: Uncoupled parallel surfaces

Angle effects: 0° between real and virtual sources

1/24th octave, first-
order, Surfaces @ 3m, 0°
12 x 12 meters

Hinh 4.60 Nhirng yéu t6 vé tién trinh viing cong am cho bé mat song song khéng ghép

==+ Zone Progression

*** Crossover Line

Summation zones: Uncoupled outward surface

Angle effects: 80° between real and virtual sources

1/24th octave, first-order,
Surface @ 1.5m, 45°
12 x 12 meters

Hinh 4.61 Nhirng yéu t6 vé tién trinh viing cong &m cho bé mat hudng ra ngoai khong ghép
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Summation zones: Uncoupled inward surface

Angle effects: -90° between real and virtual sources

1/24th octave, first-
order, Surface @ -45°
12 x 12 meters

Off axis, Xover

Hinh 4.62 Nhirng yéu t6 vé tién trinh viing cong &m cho bé& mat hudng trong khong ghép

*=+ Zone Progression | Summation zones: Uncoupled normal surface

*** Crossover Line Angle effects: 180° between real and virtual sources

1/24th octave, first-order,
Surface @ 6m, -90°
12 x 12 meters

Zone key

Off axis, Xover

Hinh 4.63 Nhirng yéu t6 vé tién trinh viing cdng 4m cho bé mat binh thudng khéng ghép
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sse Zone Progression Summation zones: Uncoupled normal surface 1/24th octave, first-order

**+ Crossover Line Absorption effects: Acoustic tile vs. rigid wall 12 x 12 meters

Zone key

0.1 ms I~

1.0ms [ v

10ms VTP—

Combining,
isolation

Off axis, Xover

Hinh 4.64 Nhirng yéu t6 vé tién trinh viing cong &m cho bé mat binh thud'ng khéng ghép, hédp thu

Temperature effects on speaker/room summation
R

| b Ak | AE -

F >

Temperature Temperature Temperature Sound speed Direct sound Reflection

(5] (F*) change (%) change (%) arrival (ms) arrival (ms)
100 50 4.13% 2.15% 2554 127.69
1.1 52 -3.76% 1.96% 25.49 127.45
122 54 -3.38% 1.76% 2544 127.20
133 56 -3.00% 1.56% 2539 126.95
144 58 -2.63% 1.37% 2534 126.71
155 60 2.25% 1.17% 2529 126.46
187 62 -1.87% 0.08% 2525 126.23
173 84 1.50% 0.78% 2520 125.98
183 66 1.12% 0.59% 2515 12574
200 68 0.75% 0.39% 25.10 125,49
211 I 70 0.37% 0.20% 25.05 125.25
233 74 0.38% 0.20% 24.95 124,75
244 76 0.76% -0.39% 24.90 124,51
255 78 1.14% -0.59% 24.85 124.26
26.7 80 1.51% 0.78% 2481 124.03
273 82 1.89% -0.98% 24.76 123.78
2813 84 227% 1.17% 2471 12354
300 86 264% -1.37% 24.68 123.29
31 88 3.02% 1.56% 24.61 123.05
322 90 3.40% 1.76% 2456 122.80
333 92 3.77% -1.96% 24.51 122,55
34.4 94 4.15% 2.15% 24,46 122.31

Hinh 4.65 Tac dong vé nhiét dé déi vai sy trrong tac gilra loa va phong la trai tim cta viung bao quat. Khi
goc cua bé mat huéng trong tang lén, c6 nhu cau phai hdp thu (hay pha hay) no.
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4.5.5 Tac dong nhiét do -- Temperature effects

Tac dong nhiét dé trén cdng &m clia loa/phong (Hinh 4.65) twong tu nhu két qua cua loa/loa,
nhuwng v&i hang tram con dudng thay vi chi mot vai con duwdng. Nhiét do tang lam tang téc do cho tat ca
dudrng dan truyén am thanh, tryre tiép va phan déi déu nhu nhau. Théi gian twong déi gitra truc tiép va
delay sé thay d6i vi dudrng phan doi dai hon. Tan s6 loc lugc & gitra sé thay doi theo ty 1& véi sy thay doi
trong thai gian bu. Bay la cach hinh dung khi toan bé phong co lai (nébng hon) hay mé rdng (lanh hon) don
gian nhét. Tac dong nay dang chl y nhat trong giai LF khi (a) ching ta dang nghe cdng am cla hau hét
dudng dan va (b) co nhiéu kha nang cdng &m sé ndm trong vung nhan thirc am diéu.

Trap 'n Zoid by 606

Zoid. Am | a point source { Seriously dude. Which kind am 17 ] [ When is an array not an array? l
or a line source?

e \
You alone have the power | When it :
" en it's a single
to answer that question.
You're usually a q speaker?
source of a couple of

pointless lines. [ | don’t get it. What's your angle? ] Elementary, my dear
/ ) w— Watt's son
OK. I'll splay’n it to you.
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