Chwong 9

Chuong 09
Két ho'p -- Combination

9.1 Tién trinh phwo'ng sai cua loa két hop -
Combined Speaker Variance Progressions

Chuong nay kham pha nhirng hanh vi phurong sai t6i thi6u vurgt ra ngoai dap (rng don. Béap (rng
két hop la téng cua nhirng phan ctia no6. Vi vay, nghién clru cia ching ta vé hinh dang loa don da chi tiéu
hét thoi gian. Hay bat dau véi cau hoi don gian: so sanh goc bao quéat két hop cla hai loa véi cai gi? Cau
tra 1&i khéng dorn gian nhu vay. K&t qua co6 thé dao dong tir hai d€n mot nira cda tirng phan tir (hinh 9.1).
Y&u t6 quyét dinh la ty |1& cla hai lyc lwgng d6i lap: chéng chéo va cb lap. Co hai dang thirc: goc va
chuyén chd. Ching ta giam bét chdng chéo bang cach cé 1ap ngudn, tire 1a huéng theo nhigu huédng khac
nhau (géc) di chuyén né di (chuyén chd) hay ca hai. Nhirng phan tir gitr lai nhiéu dc tinh ctia n6 khi it bi
chdng chéo, két hgp array thanh nhigu hinh diéu khic doc dao. Khi chéng 1én nhau qua nhigu, hau hét yéu
t0 riéng déu bién méat va hop nhéat (va hep hon) giéng nhu loa don. Array két ho'p c6 nhiéu déc tinh khac
biét vai nhirng thanh phan bao gém n6 va co6 nhiéu bién déi vé khong gian va tan s6. Hinh dang thi dong
nhat, nhung khéng ngau nhién, do dé kha dé hiéu, co thé doan trurdc va quan trong nhét, cé thé didu chinh
dugc. Su chéng chéo va cb lap la nhirng cong cu dinh hinh. Sy ¢é 14p lam ching ta tdng kha nang tao ra
hinh dang phtrc tap nhung c6 kha nang ghép nang lugng t6i thiéu. Khéng c6 nang lugng bé sung ma
khong chéng chéo nhuwng diéu nay mang rdi ro bj chai. Day la méat sang va t6i (Yin and Yang) cua nhirng
lwrc manh nay.

9.1.1 Tién trinh phwo'ng sai mirc dd - Level variance progressions

Chung ta c6 thé mé réng mirc dé phuong sai mire t6i thiéu vurgt qua gidi han cua loa don theo ba
hudng: phia trude, hwdng tdm (hinh quat) va bén (canh ngang) (Hinh 9.2).

Thuc hién viéc kéo dai t&i trude bang cach thém loa delay trong mét phéng truc cua hé loa chinh.
Loa hu¢ng truée 1dp day dé bu do hao hut cho tién trinh tiéu chudn cua hé chinh. Nhirng tin hiéu két hop
truyén di tir d6 va tién trinh hao hut tiép tuc trd lai (trir khi thém vao phan ma rong vé phia trudc). BPudng
phuong sai téi thi6u (MV- minimum-variance) chay vé phia truére (tlr truée t¢i sau). Bu hao hut vé truyén
dan lan truyén cua nhirng ca thé (-6dB) béng téng cla cdp (+6dB). Sy mé réng vé phia trudc c6 hai hinh
thirc co ban: "delay" va " relay-chuyén ti€p". Tim thdy cai truéc & dudi va ngoai balcon, trong khi tim thay
cai sau ¢ 18 hoi. Y8u t6 khac biét la mirec do twong déi. Ching ta dang & mé hinh "delay" khi dap &rng hé
chinh & mirc ngang bang (hay nhé hon). Sy két hgp hé chinh/delay céng thém khdng vurot quéa 6dB, ddong
thori cung cép tang ty s6 tin hiéu/tap am. Loa chuyén tiép trdi Ién tir ngudn & xa la tram tang t6c nang
lrong (nhu thap chuyén ti€p dién thoai di déng). Chuyén ti€p mé rong véi hé delay cd pham vi thyre hanh
han ché trong khi mé& réng v&i hé relay bi gi¢i han béi ngén sach.

Four speak ination q ion: What is the combined coverage angle?
A J : B C
I l5]] ¢ V/""
Cr i -—
1 Speaker = 180° 4x180°@0°=7" 1 Speaker = 15° 4x15°@175°=7 1 Speaker = 7.5° 4x75°@75°=7"
Answers®: A: 30°, B: 30°, C: 30° *Subject to restrictions. Your mileage may vary (see Chapter 9 for details)

Hinh 9.1 Cau héi vé két hop
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Hé thdng ghép ndi chong lén nhau cao tao ra dang thirc mé réng vé phia trude. M6 hinh két hop
1a phién ban thu hep clia tirng phan tir, do d6 c6 chiéu sdu hon cho bé réng nhat dinh. Diéu nay cho phép
hé théng "phong-throw" xa hon, ciing la hinh thire md& rdng vé phia trudec. Digu nay thudng quy cho doc
I&p v&i ngudn line song song nhung ciing ap dung cho ngudn diém va diém dén diém, chirng nao chéng
chéo goc tréi hon c6 1ap géc.

Array ngudn diém tao ra sy m& rong huéng tdm (hinh quat) béng cach dung hop loa & canh goc
clia nd. Budng doé thi MV giéng nhu dudrng cung (tir ONAX cua loa nay sang loa ti€p theo). Bu hao hut
trén truc (-6dB) tirng loa riéng bang téng cua cdp (+6dB). Gi&i han cua sy mé rong huwdng tam trén, co ly
do rd rang, la 360°.

Array nguon line khdng ghép mé réng sang hai bén. Nguon toa ra doc theo dwdng line, cling nhu
pham vi bao quéat. Mét Ian nira, bu hao hut cua tirng céa thé (-6dB) béng tdng cla cép (+6dB), nhung lan
nay dudng MV chay thdng qua (tr ONAX cua loa nay sang loa tiép theo). Viéc mé rong sang bén tich tu
dan khi thém thiét bj vao va, mét lan nira, chi bj gi¢i han bai ngan sach.

Ciing c6 thé két hg'p nhirng co ché mé réng nay. Delay duéi balcon la thi du vé su mé rong két
hop: chuyén tiép (hé chinh + delay) va bén va/hay huéng tam (delay + delay).

9.1.2 Tién trinh phwo'ng sai &m phé -- Spectral variance progressions

Bién thién am phé cho loa don full-range la tham s6 ¢6 dinh. EQ, mirc do hay delay sé& khong lam
thay d6i mé hinh bao quat theo tan s8. Tuy nhién, c6 thé xay dung array c6 hinh dang bao quat két hop,
khac vai tirng thanh phan riéng (Hinh 9.2). C6 thé két hg'p array ngudn diém ghép cé nhiéu loa thir bac
cao v&i phuong sai am phé t6i thiéu bang cach truyén giai HF da c6 1ap va thu hep chdng chéo cua giai
LF. Thi du rdt don gian: B6 tri cap loa bac hai & goc mé déng nhat 40°, mé réng ving bao quat HF |1én 80°.
Goc bao quat riéng clia LF réng hon goc mo 40° rét nhigu. Két qua, ngau luc chéng chéo 1én nhau & trung
tam va thu hep pham vi bao quat cua LF. Hinh dang két ho'p c6 d6 phuong sai &m pho thdp hon tirng
phan tir riéng.

Do nghiéng 4m phd -- Spectral Tilt

Array loa chia sé giai LF cua n6 nhiéu hon HF. K&t qua la do nghiéng &m phé twong irng véi s6
lurgng. Array ghép ndi cé thé nghiéng trén giai &m phd dong déu hon array khong ghép, bi gidi han boi
phuong sai gon (ripple variance). Chlng ta lai thdy sy nghiéng clia song am d6i véi tan thap nhu truée
day nhung c6 thém phan déi vao (phan 8.2.2).

Vai mau dai dién cho co ché, thé hién trong hinh 9.3, noi so sanh nhiéu dudng biéu dién khuynh
huéng nghiéng am phd véi nhau. Tién trinh cho thdy khuynh huéng nhét quan trong viéc tng hé ham
lugng LF trén HF. C6 thé khai thac déc diém chung nay dé tao ra dd nghiéng &m phd nhét quan. Vi hau
hét tién trinh déu dan dén do nghiéng, giam phuong sai am phd di bang cach két hgp nghiéng hon la bang
nhirng nd luc ngdn chan sy tién trién vo ich. Co thé san bang dd nghiéng bing cach equalization dén mac
dé muén co. Pap (rng tan s6 khong can phai phang dé dugc coi la phuong sai am phé t6i thidu. Yéu t6
quyét dinh 1 tinh nh&t quan. Cau tra | cho nghiéng ciing theo cach giéng nhu cau tra I cho phéng.

9.1.3 Tién trinh phwo'ng sai go'n -- Ripple variance progressions

Tién trinh phuong sai gon tiéu chuan, thé hién trong hinh 9.4. Chu trinh mé réng va lap lai cho
nhiéu phan tir nhung theo mét mau quen thudc. Diém trung tam trong tién trinh 1a diém crossover khong
gian dinh hué'ng theo phase (XOVR). Day la diém co phuong sai thdp nhét trong tién trinh, va n6 van la
trung tam cua khu vurc ¢o ty 1& thay d6i phuong sai gon cao nhat. Biém ghép néi twong tu véi diém co téec
do gi6 thdp nhét trong con bdo: mét. Tuy nhién, khu vire ngoai tam mat ¢6 chira nhiéu bién thé téc do gié
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cao nhat. P6 1a ban chét cua khu vire XOVR, va ching ta hy vong thoat khéi con béo béng céach cé lap

cang nhanh cang t6t.

Level and spectral variance progressions: Spatial reference
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Hinh 9.2 Tién trinh phuong sai 4m phd lién quan dén cong am

Spectral variance progressions: Combinations
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Hinh 9.3 Tién trinh phuong sai &m phd lién quan dén sy két hgp nhigu loa. Hién thj dap trng tirng loa voi do
nghiéng va dé rong dai dién. Hién thj két hop tai nhiéu dia diém khac nhau dé so sanh.

Tién trinh phuong sai gon c6 mét trong tat ca dang array loa. B4t ky hai loa nao trong phong cudi
cung ciing sé dap (rng & noi nao do, it nhét 1a trong gidi LF, bat ké khoang cach, mirc d6 tuong doi hay
huéng goc. Trong tdm cua chung ta 1a chuyén d6i crossover khéng gian full-range, vi vay ching ta sé han
ché th&o luan vé&i nhirng cai ndm trong ving bao quét cia nhirng phan tir. Nhirng diém chuyén tiép cho
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méi c&u hinh array sé roi vao nhirng khu vurc khac nhau va & do ching ta sé tim thdy bi quyét quan ly
phuong sai ggn. Vai cdu hinh array han ché phuong sai véi ty 1& nhd trong pham vi bao quat cua no.
Nhirng loai khac roi vao ving chai va khéng bao gi¢r leo 1én I1an nao nira. Chi sé chinh la sy dich chuyén
nguodn va chong chéo. Xay ra phuong sai nhd nhat khi ca hai déu & tan thap. Xay ra phuong sai I&n nhat
khi ca hai déu & tan cao.

Tién trinh phwong sai go'n
W D6 gon clia dap irng tan s6: DO gon tang theo chdng chéo va chuyén vi tri khi dén gan XOVR.
B Tir XOVR: vung ghép dén vung chai t¢i vung chuyén ti€p dén ving cb lap.

B Tir ving c6 lap: dén ving bao quat, hay viung chuyén tiép dén ving chai dén vung ghép tai
XOVR.

Lap lai chu ky nay cho méi lan chuyén tiép loa cho dén khi dat dén ving bao quat. S& can phai can
chinh méi vij tri XOVR theo phase. Chuyén tiép khdng gian sdp x&p theo phase sé khong thé loai trir duoc
phuong sai ggn trén khong gian. Bon gian, doé chi la phuong tién t6t nhat dé chira no.

Ty lé tién trién theo tan s6 khéng bang nhau. Giai HF 1a cai dau tién vao (va thoat ra trwdc hét) mébi
tién trinh khu vure. Cai vao cudi cling ca hai trudng ho'p déu |a tan thdp. Co thé, va kha phd bién, dé chay
HF tir XOVR dén vlng co 1ap trudc khi tan thap da téi, tham chi da rdi khoéi khu vire ghép. Array ngudn
diém ghép la thi du dién hinh vé diéu nay. Do d6, 10 trinh cua ching ta vé tién trinh phuong sai cling can
phai tinh dén tan s6, vi méc chuyén tiép khéng can bang nhau.

Ripple variance progression

Ripple Speaker to off axis edge Speaker to speaker

‘ A ? Phase aligned spatial crossover ‘ B 7 Crossover
/ -/
o = = § = — < B < 1 B
Off axis Isclation Transition Combing Coupling Combing Transition Isclation Transition Combing Coupling
o zone zone zone zone zome zone 2000 zone zone zone

Hinh 9.4 Tién trinh phuong sai ggn tiéu chudn tir ngoai truc dén trén truc va bang qua crossover
Hinh hoc phwo’ng sai go’n -- Ripple Variance Geometry

TruGdec day ching ta da thao luan cach tinh tam giac giup chung ta hinh dung phuong sai gon trén
khong gian (xem hinh 4.16 dén 4.18). Bon loai tam giac cho thdy ddu hiéu phuong sai gon ctia hanh vi
khéng gian rat manh. N6 da xac dinh mé hinh go'n khéng 6n dinh trén khéng gian. Quan tam chinh cta
chiing ta la xac dinh khu vurc nao c6 chai manh nhét (phuong phap tam giac) va thay déi nhanh nhéat. Toc
do thay d6i phu thudc vao khoang cach va goc dinh huéng clia ngudn. Xay ra téc do thay d6i cao nhat khi
chung ta tiép can moét ngudn trong khi di chuyén ra khéi nguén khac (dudng gilra nhirng ngudn). Téc do
giam khi chung ta di ra (hay ti€p can) tir ca hai nguon (dud'ng khéng ghép). Hinh tam giac céan, dai dién
cla vlung ghép nédi, c6 gon nho nhét nhurng thurdng ¢o ty 1 thay déi cao trong khu vire tam giac vuéng va
nhon gan dé. Hinh tam giac nghiéng sé c6 gon giam do su ¢6 1ap va sé cé ty 1& thay d6i nho (di chuyén ra
khoi ca hai nguén). Hai kich ban nay dai dién cho cac thai cuc cua phuong sai gon trén khong gian. Hién
thi thi du vé array trong hinh. 9.5.
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9.2 Phuro’ng sai mirc do cua array ghép --
Level Variance of Coupled Arrays

Hang loat kich ban sau day dé minh hoa cach két hgp hinh dang loa don thanh nhiéu array khac
nhau ra sao. Xtr dung nhirng biéu tugng ty 1& hudng téi trwdc (FAR-Forward aspect ratio) trong dang bé
cuc dé tao diéu kién hién thij tru'c quan cho tirng phan tir da dong goép. So sanh va déi chiéu nhirng céi nay
vGi so do cua array két hop trong cung cédu hinh. So sanh nay phuc vu cho viéc giai cdu tric truc quan dap
rng dy doan két hgp va xem phan hoat déng cua mdi thanh phan. Biéu twong phu hop véi du doan két
hop khi sy ¢6 18p trdi hon va it khi so sanh khi chdng chéo néi bat (ghép hay chai). Ghép stra déi hinh
dang két ho'p kha nhiéu, nhung phu hop trong khi chai lam thay di hinh dang phu thuéc tan sé va hoi
turong dong vai tirng cé thé. Chang ta sé kham pha cach hinh dang, khoang cach, mirc dé twong doi va
goc dong vai trd doc dao trong két hop ra sao.

Ripple variance progressions: Spatial reference
A / | Coupled point source B | Uncoupled point destination

L2 N%

\I/ /"\ .—{:_js - X —— ]
X A v d ‘ BN
\ \\. [
c \‘/Uncoupled kne source D Uncoupled point destination
[ - A \ I - -
._—I X [_/: erhes {___J
AN / J B is delayod to A
l at Xover

L

=+ Zororate S+ Low rate S+ High rate X Acoustic xover Minimum variance line

Hinh 9.5 Tham khao khéng gian cho théy ty 1& thay d&i cua nhiéu cdu hinh array khac nhau
9.2.1 Nguon line ghép -- Coupled line source

Ngudn line ghép chdng chéo 1én nhau 100% (khdéng cé tach goc va do dich chuyén t6i thiéu).
Chung ta bt dau v&i hé théng bac ba t6i thiéu c6 cong am vung ghép riéng biét (Hinh 9.6). Biéu tuong ty
I& huéng phu I1én theo dudrng thdng doc, tao ra &n tugng trurc quan cla ngudn téa doc huéng bén véi goc
phu két hgp hoi réng hon nhirng phan tir. M6 hinh két hgp that té 14 hep hon tirng phan tir vi né dong
phase & trung tam chéat ché nhat. Diéu nay cho thdy c6 han ché trong phuong phap tiép can ty 1& hudng:
Phéi canh don gian khéng nhin thay sy thu hep theo dinh huédng ciia cong dm & ving ghép.

Ciing thé hién trong hinh 9.6 la hé théng bac hai, c6 thé di chuyén du dé tao ra d6 chai manh. Sy
dich chuyén I&'n va nhiéu I&p chdng chéo lam cho dap (rng chai vurgt trdi trong phan ghép néi. Két qua, moé
hinh c6 nhirng m&u va thily theo tan s, do d6 khéng tuong dong véi dap (rng cua tirng biéu tugng riéng.
Cho dén nay, biéu tuong ty 1& hudng da khong mo ta hanh vi khu chdng chéo chinh xac (ghép ndi va chai)
vi né thi€u thong tin vé phase. Hay nhin vao vung ghép néi mét [an nira va thir cach ti€p can khac vai tirng
biéu trgong. Moi ngudi thudng khéng dinh array két hop sé gidng véi mét loa don dong nhat. N6 co thé,
trong diéu kién sau: chong chéo 100% gilra nhirng ngudn déu ghép ndi chét ché. Loa ghép khac véi
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nhirng phan ttr ctia né: n6 hep hon. Tang gép déi phan tir sé lam giam hinh dang bao quat. N6 ¢6 thé chi
giam nhe nhung cé thé lam giam xuéng con mét nira (2 x phan tir = 2 x FAR). Loa thém vao sé kéo dai
hinh chir nhat FAR, nhurng khéng 1am rong hon. Xay ra do hep t6i da (khong chai) khi ngudn cach nhau %
2 . Né&u dich chuyén nhé sé dan dén giam do hep tuong rng.

Limitations of combined shapes: Coupled line source arrays
16 x third-order @ 0° (15° elements) 4 x second-order @ 0° (40° elements)
Aspect ratio lcons

Minimum variance Line at 0°7 S High ripple variance

1 octave, 34 x 80 melers

Hinh 9.6 Hinh dang phuong sai mirc d6 t6i thi€u déi vai array line ghép déi xirng. Trai: Array loa mudi sau
phan tir bac ba vai goc mé 0° va mirc do bat bién. Phai: Array loa bon phan tir bac ba véi goc mér 0° va mie
doé bat bién.

Hay di chuyén vé phia truwdc vai khoang cach 12 4 . Thay vi xép chong nhirng biéu tuong ty 1&
huéng canh nhau (giéng nhu loa vat ly), hay thir xEp n6 hudng téi trwée (nhu mo hinh loa). C6 thé hinh
dung sy m& rdng vé phia trwdc cua moét ngudn line ghép hoan toan béng cach x&p chdng nhirng hinh FAR
I&n nhau (Hinh 9.7). M6t phan tir 180° (FAR = 1) cho ra hinh dang co ban. Méi lan thém loa vao ngudn
ghép, mau két hop trong duwong véi viéc thém biéu tugng FAR khac vé phia truége cla loa. FAR tang gédp
doi vai mbi [an tang phan tir gép doi, va kha nang nang luwong trén truc ting Ién 6dB. Trong mébi trudng
hop (hai, b6n va tam thling) hién thj ba phan tir: x€p chéng tirng phan tir riéng 1€ 1én phia trude, biéu
trong FAR két hop gilra loa don va két hgp &m thanh sé dy doan ra s6 lwgng phan tir nhat dinh. Luu y:
Sé& khong xay ra hiéu (rng nay cho dén khi ghép néi array day du, tirc la tat ca mé hinh da chéng lén nhau.
Quy trinh 1&p rap da phan tir thanh loa két hop "don-single”, trinh bay trong hinh 9.8. &' day chung ta thay
hai mirc d6 bd sung, tir hai cdp loa thanh bé ba cdp. M6t khi tit ca phan tir da chéng Ién nhau, sé thiét 1ap
g6c bao quat va sé tiép tuc chuyén tiép dang giéng nhu loa don. S8 buéc 18p rap dé dat dwoc ghép ndi
day du (va dang goc khoéng d6i) tang 1én khi bd sung méi phan tir. Nén nhé, array ghép ndm trong cac
buéc sbng mot phan cua nhau, va array khéng ghép lai cé nhiéu A . D6 dich chuyén phai trong pham vi %
A dé xay ra bdi s6 FAR. Néu khong, ching ta sé bi chai thay thé.

9.2.2 Ngudn diém ghép -- Coupled point source

Sy tach gbc mé ra con durdrng dén cb 18p, cai thién twong quan gitra biéu twgng FAR va hinh
dang két ho'p that t€. Sur co Iap 1am cho bién dé co phase trdi hon, cho phép gitr virng hinh dang tirng biéu
turong riéng. Hinh dang két hgp thé hién dudi dang goc bao quat, theo do, chir khdng phai ty 1& huéng
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hinh chir nhat. Hinh dang phuong sai mirc do t6i thiu bay gid thanh cung tron. Cugi cung, pizza clta
chung ta da dén.

Ngubn diém ghép téa nang luong & dang hudng tam (Hinh 9.9). Ty & hudng tirng hinh chir nhat
trai dai doc theo vong cung giéng nhu bd bai xde hinh quat. Lap day khoang tréng bang nang lugng chia
sé va tao ra phwong sai mire do t6i thi€u cua dudng hudng tam khi xtir dung goc mé déng nhét. Budng
phuong sai mirc do t6i thiéu chay gitra ONAX cua nhirng phan tir ngoai cung. Co6 thé chdp nhan dudérng
phuong sai I6n nhéat khi mé réng nhirng phéan tir cudi cling ra ngoai cho dén khi dat t¢i diém -6dB. Array
¢ goc phuong sai téi thiéu nhéat dinh co thé bao gom Iwg'ng nhoé phan tir maé réng hay lugng In phan tor
hep. Kich ban thir hai tao ra ty 1& bao quat trén dudng mirc d6 tdi thi€u cao hon canh ngoai khung, trong
bién d6 t6i da c6 thé chap nhan.

Coverage shape multiplication: Coupled line source arrays

| FAR=1 | FAR=2(60") | ; FAR = 4 (30°)
«L->
180° FAR icons A
stacked forward W k
(1,2&4) $[1 -
X
Individual FAR icon A
shapes w b
(1,2&4) W k1 e
X
Coupled line source A
of 180° elements W
(1,2&4) V[ BT

Coupled line source
of 8x 180° @ 0°
(FAR = 8, 15°)

—a

Hinh 9.7 Hiéu (rng s6 lugng trén ty 1& hudng két hop clia array ngudn ghép dgi xirng. Nhirng phan tir xép
choéng 1én theo chiéu réng. Lurong gédp déi lién tiép gay ra gdp déi FAR lién tiép. Ty & huéng két hop phu hop
v&i hinh dang cla tirng ty 18 hudng phan tir, dat trong mot duorng chuyén tiép. Co trung ho'p ngau nhién
khéng?

8 x 180° @o

O day, tinh ndng quan trong la sy khac biét gitra duo'ng phuong sai t6i thi€u (0dB) va dudng
phuong sai t6i da chdp nhan dugc (0 dén -6dB). Phan trén bén phai cua hinh 9.9 hién thj loa don 180° va
hinh dang ty 1& hud'ng hinh vuéng tiéu chuén. Line huéng tdm c6 phuong sai t6i da co thé chdp nhan kéo
dai 180°, va dudng huédng tdm cho 0dB kéo dai 0°. Tai sao? Vi loa vé vong cung huéng tdm & gilra sé
theo vét mot dudng ngay 1ap tire, cho thdy nd suy giam murc d6 khi rdi khoi truc roi dén diém -6dB. So
sanh céi nay vé&i mo hinh 360° (dudi clng bén trai), co6 FAR Ia 0.5. Loa nay c6 bé réng 180° trén dudng
0dB va 360° trén dudrng tir 0 dén -6dB. So sanh va dai chiéu hai loa don v&i bon array két hop. Loa don
360° va bén array déu & mirc dé 0dB cho bé réng 180° (dudng phuong sai téi thiéu) nhurng khac nhau vé
viéc no di dugc bao xa trurge khi roi xuéng -6dB (khoang cach t6i da co thé chép nhan). Bai hoc & day la
array chlra day nhiéu phan tir hep ¢ canh sac nét hon array bao gdm it phan tir rong. "Canh-edge" boc 16
ra sy khac biét gitra duong phuong sai ti thi€u va t6i da chdp nhan dugc. NEu mudn phuong sai mirc do
180° cua 0dB, chiing ta sé& can phai tao array c6 khoang cach gitra nhirng diém trén truc cia phan tir ngoai
cling 1a 180°. Chung ta c6 thé lam dugc diéu nay véi ba loa & 90° (0 dén -6dB = 270°), 181 loa & 1° (0 dén
-6dB = 181°) hay bt clr céi gi & gitra. Néu quan tdm dén do ro ri, chling ta sé thdy uu diém khi gitr tirng
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phan tr riéng that hep. Luu y b sung lién quan dén kich ban cudi cung, cho thdy sy chéng chéo gitra

nhirng phan tir. Mdc du chdng chéo sé co kha nang téng nang lugng 1én phia trugre array va co thé gay ra

sur tang phuong sai gorn, didu nay sé khong lam thay déi ty 1& phurong sai mirc dé t6i thiéu va bién do

phuong sai t6i da co thé chdp nhan.

Coupled line source: FAR multiplication with the parallel pyramid

1x 90° 1x45° - e
FAR =14 FAR26
2x90° 2x45°
FAR =28 FAR =52
Cov = 44° Cov =22°

o 1x 22°
L 8 FAR 52
3x90°
FAR =42
Cov = 28°
1x28°
FAR 4.2

Hinh 9.8 Hinh dang két ho'p ctia nguon line ghép. Tim ra viing bao quat két hgp khi da hinh thanh array

hoan chinh & dinh cua kim tu thap song song.

Coupled point source: Combined radial shapes

“—7  Minimum variance (0 dB change)
<€—> Maximum acceptable variance (6 dB change)
L Length of coverage
w  Width of coverage
s Splay angle

«— L—>

T

1 x 360°
0 dB span = 180°
-6 dB span = 360°
FAR:0.5/1 =05

3x90° @ 90°
0 dB span = 180°
-6 dB span = 270°
FAR:14/3=05

0 dB span = 180°
-6dB span = 240°
FAR: 2.0/4=05

Hinh 9.9 Hiéu (rng s6 lurgng trén ty 1& hudng két hop clia ngudn diém ghép ddi xirng

FAR két hop trong thi du array ngudn diém cda chung ta dinh gia khoang 0.5, d6 la gia tri FAR cua
tirng phan tir 360°. Day khéng phai la trung hop ngau nhién. Gdéc mé hudng tdm cua array tao ra duwdng
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cung ngang béng, c6 hinh dang giéng nhu phan tir don 360°. V& co ban, ngudn diém két hop d6i xirng 1a
phién ban cat ngang cua hinh dang 360° c6 thé phu nhiéu theo y mudn.

9.2.2.1 Ngudn diém ghép ddi xirng -- Symmetric Coupled Point Source

Ngudn diém ghép d6i xirng c6 thé cho ra dudng cong cé mirc do bang nhau, phat ra tir ngudn
diém ao. Dap (rng két hop rét giéng véi sy lan truyén hurdng tdm cuia tirng mo hinh FAR riéng, chirng nao
viéc chai con réat nhé (Hinh 9.10). Tuwong quan dén biéu twang don gian hoa, t6t nhat khi goc chong chéo
thap (co 1ap) va sy dich chuyén thdp (ghép-coupling), va té nhét khi chéng chéo cao va dé dich chuyén cao
(chai-combing). Nhirng bang bén trai hién thj array bac hai cd chéng chéo t6i thiéu.

Ngudn diém két hop déi xirng 1&p day cung tron. Hai ché dé hanh vi chéng chéo déc trurng cho
array ngudn diém déi xirng theo s6 luong. DT nhién, mé hinh chong chéo 100% la ngudn line, (khéng phai
ngudn diém). Trong bat ky trud'ng hop nao do, né 1a gidi han cudi cung cuc doan, va dic trung hanh vi
clia nd 1a cuwdrng do va bdi sé FAR. Cuc khac la goc mé déng nhat, dac trwrng nhu bdi s6 goc bao quat.
Cai nay co cudng do trén truc b6 sung nho nhét, nhung dirng quén ching ta dang lam lan rong viéc b
sung cudng do trén vong cung. Hanh vi & mién gitra la c&u hinh chdng chéo tirng phan, mé ta nhu béi s6
goc mé. Bay ciing chinh la mién gitra ctia cudng do trén truc. Luru y, gbc vung bao quat va goc ma la mot
va giéng nhau & gbc m& dong nhat, nhung & nhirng chd khac thi khéng.

Tac déng cuia goc chong I1én goc bao quat két ho'p
1. Chdng 0-95%: két ho'p bao quat = (s6 lugng) x (Goc mé gilra nhirng phan tir).

2. Chdng 100%: két hop bao quat = (s6 lurgng) x (FAR). Tuy chon cla ching ta la gi néu ching ta
can pham vi bao quat 40°? C6 v6 s6 cach tao ra mé hinh 40°. Thi du sau minh hoa vai tro clia chong chéo
trong viéc tinh toan dé bao quat két hop.

Combined shapes of minimum level variance: Coupled point source arrays
4 x 40° elements @ 40° splay 16 x 10° elements @ 4° splay

o] 7 Rspect ot oo

N

1/6™ octave, 14 x 28 meters

Hinh 9.10 Hinh dang phuong sai mirc d6 t6i thiéu cho ngudn diém ghép ddi xirng. Tréi: thir bac loa bt bién,
goc mé dong nhét va mirc do bat bién. Phai: thir bac loa bét bién, goc mé chdng chéo 60% va mirc do bat
bién.
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Goéc bao quat két ho'p & 40 °

W Loa1x40° (FAR3).

W Loa 2 x 20° @ gbc m& 20°: chong chéo 0% | (bao quat 20° x 2 = 40°).
B Loa 2 x 27° @ goc mé 20°: chdng chéo 25% (goc mé 20° x 2 = 40°).
W Loa 2 x 40° @ gbc m& 20°: chdng chéo 50% (gbc md 20° x 2 = 40°).
M Loa 4 x 40° @ gbc m& 10°: chdng chéo 75% (goc ma 10 x 4 = 40°).
B Loa 8 x 20° @ gbc m& 5°: chdng chéo 75% (goc mé 5° x 8 = 40°).

M Loa 2 x 80° @ gbc m& 0°: chéng chéo 100% (FAR 1.5 x 2 = 3).

Ludn c6 sy danh déi gitra cudrng dd va phuong sai gon. DO dich chuyén phai nhé khi chéng 1én
nhau. Loa béc ba la sy Iyra chon t6t nhét cua chiing ta trong thiét k& c6 chong chéo cao. Thiét ké chong
chéo thdp c6 wu thé doan bang-plateau cla lubng &m bac mot va hai véi viung co 1ap kéo dai.

9.2.2.2 Ngudn diém ghép bat ddi xirng -- Asymmetric Coupled Point Source

Mdrc d6 khién khac nhau tao ra ngudn diém ghép bat doi xirng, udn hinh dang hudng tdm thanh
dudng vién hinh elip hay dudng chéo. Thang do biu tugng ty 1& huéng cé thay d6i mire do cho phép
ching ta nhin thay hinh dang bat dgi x(rng. Giam murc dé khéng lam thay déi goc bao quat cua loa nhung
n6 déi hinh dang: N6 sé nho hon (hinh 9.11). Giam 6dB lam giam biéu tugng xudng con moét nira, cho thay
vai trd cua noé trong ngilr canh dén nhirng phan tir nghe Ién hon. Thi du, ngudn diém bét d6i xirng hién thi
trong hinh 9.12. Luu y trong bang "B", cdu hinh array c6 goéc bao quat chong chéo nhigu trong khu vurc trén
truc cda loa 10°. M6t khi mire do 1a yéu t6, ching ta sé thdy ngugrc lai la dang: Day that sy la khu vurc co
Iap nh&t, mot diém dugc 1am rd khi vé biéu turgng FAR theo ty 1& va du doan két ho'p. That dé lo nght vé
twong tac cta hé loa mé réng nhu downfill, frontfill va delay khi ching ta nhin dud'ng bao quat huéng tam
cla no. RG rang, nd khong phai la méi de doa mét khi mirc dé la yéu t6 co dém gop ca ty 1& FAR.

Asymmetric level reference: Range and level ratios
Range ratio Level
11 100% 0d8
141 70% 308 [~ -34B fevel reduction
21 0% 608 -6 dB level reduction
281 w% 9d8 -9dB level reduction
41 25% 1208
561 18% 1508 we”‘:‘:'o:“m“""‘m S
81 125% 1808 Fange of equal leves
Range ratio Level
11 100% 0d8
1.4:1 70% 308
21 50% 608
281 3% 908
41 25% 1208
561 18% 1508
81 125% 18 ¢B

Hinh 9.11 Ty & mdrc do/pham vi cho nhirng ngudn c6 ngudn géc phu hop, bao gém ca ty 1é FAR
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Géc moé déng nhat da bu -- Compensated unity splay angle

XU dung phuong phéap tao array nguon diém bét doi xirng thé hién qua hai kich ban trong hinh
9.13. Bang bén trai cho thdy mdirc do giam theo log va goc ma bét bién (chdng chéo 50%) gilra nhirng
thanh phan phu hop. Array nhu vay sé nham vao diém trén truc cia mdi phan tir ké tiép tai diém -6dB cla
mdi phan tir trén. Giam dan méi Iép dén -6dB, tao ra XOVR ddng nhét & phia trwdc cia mbi loa ndm thdp
hon. Bu mirc dé giam dan va goc mo dé dat dugoc dé dong nhat XOVR, goi la "goc mé dong nhét da bu".
O day xtr dung s6 lwgng tach I6p t6i da (6dB). K&t qua 1a tiép tuc co ving co phuong sai t6i thiu khdng
gi&i han theo khoang cach. Bang bén phai cho thdy viéc ap dung nguyén tac tuong tu v&i nhirng phan tor
chura phu hop dé tang pham vi bao quat ctia n6 vai mdi l6p 1én gap ddi. Ap dung goc mé dong nhéat da bu
thém [an nira nhung méi I6p sé cach nhau bang goc mé bac Ién hon dé duy tri quan hé gitra diém muc
tiéu trén truc va&i canh -6dB cua don vij trén. K&t qua la dudng chéo phuong sai tdi thiéu lién két XOVR v
XOVR, san pham clia bt d6i xirng b sung viéc thay déi goc md va goc bao quat.

Minimum level variance: Asymmetric aspect ratio combinations

Coverage angle & dB scaled FAR icons

10° 0 dB

__EXTN
e  40° -12dB K
:

Minimum variance line

Combined array acoustic prediction

|
A
1
!
1

L3
\

It's actually
It looks like maximum

”’

10°,20° 40°,80° spkrs @ 0°,5°,15°,35°, 1/6™oct, 14x28m

Hinh 9.12 Biéu tugng ty 1& huéng da tang 1én theo tirng hinh dang riéng va két hop

Chon ngudn diém bét déi x(rng ghép vi nhirng ly do giébng nhu nguén diém déi xirng nhurng phu
hop v&i hinh dang khac. Su b6 sung cdng suét cho ngudn diém bét d6i xirng la tur gdp vao vi toan bo ly do
cho array nay 1a né phu hgp va&i hinh dang cé nhigu khoang cach khac nhau. Giam mirc d6 dan thich trng
dé diéu chinh array theo khoang cach. Sau do6 phai bu goc mé dong nhét thich hgp cho nhirng yéu té bu
murc doé.

Khéng c6 phan tir nao "chinh xac-correct" dé bat dau ngudn diém bat déi xirng. Ching ta phai bat
dau vai cai gi do roi bat dau quy trinh khi nhin thdy nhirng cai con lai. Sau khi thém phan tiép theo, chung
ta danh gia lai cho dén khi 18p day hinh dang. Cé thé khéi dong lai quy trinh cho dén khi tim thay tap hop
nhirng manh ghép thoa dang.

Ra&t dé tim thdy goc m& ddng nhét trong array déi xirng. Cép loa 30° sé dat cach nhau 30°. Ching
ta chi co thé thém no réi chia cho hai, mién la mirc d6 déu phu hop.

(Bao quat 1 + Bao quat 2) / 2 = géc md ddng nhét
(30° + 30°) / 2 = 30°
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Minimum level variance: Asymmetric point source arrays

5 x second-order: -6 dB level taper, 1/2 unity splay angle Mixed order: -6 dB level taper, 1/2 unity splay angle

Aspect ratio icons

Minimum variance lines m

o'.
Minimum variance lines

Acoustic prediction

BN T~
\\\\\\\

5 x 45° spkrs @ 22.5°, 1/6" oct, 14x28m

10°,20°,40°,80° spkrs @ 0°,5°,15°,35°, 1/8* oct, 12x24m

Hinh 9.13 Hinh dang phuong sai mirc d6 t6i thi€u cho ngudn diém bat d8i xirng. Trai: thir bac loa va goc

m¢ bt bién, véi mirc d6 giam dan. Phai: thir bac loa tron chung c6 goc mé giam dan dé cho ra ty 1& chdng

chéo bt bién, v&i mirc do giam dan.

Crossover khong gian ndm & vj tri trung tdm va mdrc do diém gilra: ngoai truc 15° véi mot trong hai
phan tir. Con néu ching ta muén ho'p nhét loa 30° va 60°? Ap dung phuong trinh twong ty, mién 1a mirc
dé déu phu hop.

(30° + 60°) / 2 = 45°

Nhirng phan tir gép nhau tai canh -6dB cuia ca hai phan tr: ngoai truc 15° tir phan tir 30° va ngoai
truc 30° tir phan tr 60°. Crossover khong gian & gitra, nhung khéng phai & gitra hinh hoc.

Phai stra d8i phurong trinh bat cir khi nao dé bu mire (hinh 9.14 va 9.15). Khéng cb goc mé nap
gilra hai loa t6t nhét, cho dén khi ching ta biét quan hé gitra khoang cach/mdrc d6. Néu chung ta lay hai
phan tir pht hg'p va giam xuéng 6dB thi goc m& dong nhat tiéu chuén sé khéng mang lai két qua dong
nhat. Tim ra diém gilra hinh hoc & cach -6dB tir phan tir nay va -12dB tir phan tir khac. R6i goc mo dong
nhat 1a gi? Thay d6i 6dB thi mirc do chénh Iéch 50%. phai diéu chinh gbc mé cung ty 1& dé tré lai hiéu suét
ddng nhat tai XOVR. Giam 6dB lam giam pham vi cua loa di mét nira. D6 la con s6 quyét dinh.

Céng thirc cho géc mé déng nhat da bu --
The compensated unity splay equation

((Bao quat 1 + Bao quat 2) /2) x (Pham vi 2 / Pham vi 1) = géc mé déng nhét da ba *
* Gia dinh da thiét 1ap mirc do twong (rng véi khoang cach
Duéi day la thi du vé hai loa 30°, véi mét cai phu bang nira céi kia (-6dB)
((30° +30°) /2) x (0.5 /1) = goc mé ddng nhdt da bu
(60°) / 2) x (0,5) = géc mé ddng nhat da bu
0°x0,5=15°
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Tiép theo chlng ta ndi loa 30° v&i phan tir 60°, bao quat 70%, pham vi (-3dB).
((30° + 60°) / 2) x (0.7 / 1) = gbc m& ddng nhét da bu
((90°) /2) x (0,7) = gbc m& ddng nhét da bu
45°x 0,7 = 31,5°

9.3 Phuro'ng sai mirec do cua array khong ghép --
Level Variance of Uncoupled Arrays

Vé co ban, hanh vi phuong sai ti thi€u cua array khong ghép khac véi array ghép. Yéu t6 khac la
pham vi. Array ghép thiét 1ap hinh dang MV cua n6 va gitr n6 trong pham vi khong giGi han, trong khi array
khéng ghép sé thay déi khdng ngat. Biéu twrgng FAR gitp hinh dung hinh dang thay d6i theo khoang cach
va chiing ta sé so sanh né v&i nhirng dy doan dap (rng da két hop lai.

Uu diém clia phurong phap ti€p can FAR tr& nén rd rang khi chidng ta can pha hinh dang c6 chiéu
rong I&n hon chiéu sau (ty 1& <0.5). Hinh dang nhu vay doi hoi loa c6 goc bao quat vurgt qua 360 °, thach
thirc ma chi c6 bod phan tiép thi mai cé thé khac phuc. Céach tao ra hinh dang bao quéat qua rong t6t nhat la
phat tan bang nhiéu ngudn, tirc 1a array khdng ghép ndi. Phai md ta hinh dang bao quat & chiéu sau theo
chiéu rong, diéu nay lam cho FAR trd thanh céng cu mo ta déc tinh array khong ghép t6t nhét.

Compensated unity splay angle: Symmetric shapes
Rectangle Octagon
m
Solo l l /.
responses 4 Ol >
\ 4
% L k
response )
predictions
| SO | L \ v sl :
Unity splay Unity splay Unity splay Unity splay Unity splay
Compensated (30°480°) / 2 = 45° (30°460°) / 2 = 45° (30°460°) 1 2 = 45° (:meuoe); 2= 3, (30%30% / 2 = 30 (30°+30°)/ 2 » 30°
it sols Ratio=80% (-2 d8) Ratio=80% (-2 ¢8) Ratio=65% (4 d8) Ratio=70% (-3 dB) Ratio®100% (0 d8) Ratio*80% (-2 dB)
unity spiay 45 x 80 = 3¢ 45° x B0=3 45°% 65 = 350% .70 & 25 30°x 1,0= 3 30° x 80 = 2
computations
(60°+60°) 1 2 = 60° (30°440%) / 2 = 35 (30°+30%) /2 = 30*
Ratio=60% (-4 ¢B) Ratio=65% (4 a8) Ratio=75% (-2.5)
60°x 60 = 3 35° x .65 = 23 45°x.75%2

Hinh 9.14 Thi du vé géc m& dong nhat da bu cho hinh dang phang ngang dién hinh
9.3.1 Nguon line khdng ghép -- Uncoupled line source
9.3.1.1 Ngudn line khéng ghép déi xirng -- Symmetric Uncoupled Line Source

Hinh dang két hop cua ngudn line khéng ghép Ia phan mé réng sang bén canh, dac trurng l1a xép
chong 18n nhau theo tirng hinh dang FAR. FAR két hgp bj giam bédi chiéu rong nhan cho chiéu siu nhét
dinh. Tim thdy FAR két hop bang cach chia FAR clia phan tir don bdng s8 phan tir, thi du: M6t line gdm
b6n phan tir 90° sé truyén t&i FAR két hop l1a 0.35 (1.4/4). FAR thap nhat c6 thé cho mot phan tir 14 0.5
(860°). Biéu nay cho ra hinh dang co ban cho nhirng kich ban trong thi du ctia hinh 9.16, hién thj ba phan
tr tuan ty tang gép doi (trong khi FAR giam mot nira). Mi két hop cd khoang FAR tuong ty nhu phan tor
360° don (0.5).
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Compensated unity splay angle : Front/back asymmetric shapes

Unity splay Unity splay Unity splay Unity splay
i | | e T i
- -
ity splay 20°x .70 = 14° "60%(-5 o8 20°x 50 = 108 Rng= 50%{(-6 d8)
. (&40')'2.;‘:0' R:gx 460(- n-) (xw)/f"g‘ 40°x .50 = 20°
: 70% (-3 d8) =60%
COMPUAAtIoNS | 30+ x .75 = 22° (4ce 40°x .75 = 307 _ X -5‘!;,',!!" L 40 x .50 = 20°
407 1 2= 4° 40°% 1.0 = 400 (40s+a)/ 2 = 4% 40° x 86 » 34*
Rng=90% (-1 d8) Rng=74% (-3 dB)
40° x 90 = 3¢ 40°x 74 =30

Hinh 9.15 Thi du v& géc mé dong nhéat da bu cho hinh dang phang doc dién hinh

Uncoupled line source arrays: Combined lateral shapes

«— L —>

«— L —>

s>

€0 >

3x90° @0°
0dBspan=2xW
-6dB span=3xW
FAR: 1.4/3 =047

«> Min variance (0 dB) <€—> Max acceptable variance (6 dB) L Length w Width S Spacing

1 x 360°
0dBspan=0xW
6dBspan=1xW
FAR:0.5/1 =05

2x180° @0°
0dBspan=1xW
6dBspan= 2xW

FAR:1.02=0.5

4x60° @0°
0dBspan=3xW
-6dB span=4 xW
FAR:2.0/4=05

Hinh 9.16 Hinh dang phuong sai mirc dé t6i thiu cua array line khéng ghép déi xirng. Ty 1& hudng két hop
ctia nguon line khéng ghép ndi phu hop véi hinh dang ty 1& hudng cua tirng phan tir riéng, da dat trong line
bén. Luu y, d6i chiéu vai phép nhan ngudn line ghép da trinh bay & hinh 9.7.

Chung ta dang ndi nhiéu dang chiéu réng phan bén (phan 3.10.5.5) vao mét duorng phuong sai toi
thiéu bat bién. Chiéu sau diém giira cta hinh dang FAR ngi vao diém trén truc ctia mdi phan tir qua
crossover khéng gian cla nhirng phan tir k& bén, cho t&i khi dén phan tir cudi cuing va mirc dé roi xuéng
diém phuong sai t6i da c6 thé chdp nhan (-6dB). M6 ta ngudn line khéng ghép chinh xac hon, né c6 dang
két hgp (chiéu sau/chigu rong) hon la gbc bao quét. Thi dy, két hgp cla ching ta phu day cling hinh dang
FAR nhu loa 360° don, va phu vao nhiéu hinh chir nhat khi c6 nhiéu manh nhé hon. Canh ngoai rét séc
nét nhu nhirng phan tir hep, nhu da thdy trong nguon diém ghép trudc day. Trén that t€, hiém khi array
khong ghép cé dac tinh mong mudn, hau nhu chi xtr dung phan tir bac mét (=60°). Nhirng phan tir hep
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phai cach nhau sit sao va do doé co6 thé hoat déng nhu array ghép & tan sé thap, diéu nay sé lam hinh bao
quat phirc tap thém.

Sé la hop ly dé suy nghi lam sao nhirng phién ban array nguén line ghép va khéng ghép lai cho ra
nhirng dap (rng khac nhau nhu vay. BPudng ghép kéo dai chiéu dai ty 1& huwéng trong khi phién ban khéng
ghép lai ma réng chiéu rong. Ghép thi nhan Ién, trong khi khdng ghép thi chia xuéng. Sy khac biét la do vi
tri twong rng clia n6 trong kim tur thap song song. Pap rng & dudng ghép ndm trén dau kim ty thap,
trong khi d6 phan khoéng ghép nam dudi day. Trén that t&, rét don gian, array khéng ghép chi la dang cho
bién thanh array ghép. Chung ta chi can ha tan sé xuéng du dé tim thdy no. (Nh¢ lai, trong hinh 9.7, noi
loa bac ba ghép v&i vai bac hai sé bi chai ndng). Array sé ghép hoan toan khi chiing ta di chuyén vé phia
trwrée du xa dé tat ca phan tir déu chong 1én nhau. Tir thdi diém nay, nd khéng con dugc mé ta nhu hinh
dang bén (d6 réng vung bao quat) ma 1a hinh FAR chir nhat v&i goc nhét dinh.

Nguoc lai, array ghép, la array khéng ghép da dong cirng lai. Ngay ca nhirng array nho nhat cling
c6 vai diém trong khu virc gan no, noi ching ta van chua dat t&i crossover 16p dong nhat. N6 bj tach roi &
diém do (xac dinh bang chiéu rong, chir khdng phai goc). Bi quyét la buéc séng va dich chuyén. Diém
chuyén tiép tir ghép ndi dén khdng ghép phu thudc vao budc séng (va do do cling phu thudc tan sd).

Co vai ly do dé ché soi toc nay ra lam tur. Thir nhét, hai day kim tu thap song song khong ghép
ndm trong s6 nhirng hinh dang phuong sai t6i thi6u ma ching ta thudng xir dung trong thiét ké& (frontfills,
dui balcon, delay, ...). Thir hai, viing chuyén tiép gitra hai thé gi¢i nay la khu vuc thiét ké array loa hién
dai rdt kho hiu. Thudng thiét ké array ngudn line va array "J" lai (hybrid) sao cho ¢6 nhigu vung nghe ndm
bén trong khong gian bét 6n dinh va bién thién gilra hai thé gi¢i ghép va khéng ghép. Rét kho mé ta hanh
vi clia array trong viung bién chét gitra nhirng luc ddi nghich cta ving c¢6 18p lan rong (& bén dudi) va
ludng &m vung ghép khuéch tan (& bén trén). Knéng thé xac dinh array co chiéu rong khéng déi hay goc
khong déi trong vung chuyén tiép nay. Néu khéng thé xac dinh né, co hdi tim ra chién lugc sép x&p
phuong sai t6i thiéu rat hi€ém hoi. Day la tam diém cula tai sao chiing ta thay tir "phu thuéc vao cdu hinh"
trén chi tiét ky thuat cho vling bao quat cta line array.

Tru¢re khi ti€p tuc, ching ta hdy cung xem lai ngudn line ghép da trinh bay & hinh 9.7. Ly do biéu
tugng ty 1€ huéng khdng phu hgp véi dy doan dap irng vi chung ta xdr dung phuong phap khéng ghép
(biéu turong lan rong) chir khéng phai la phuong phap ghép néi (biéu tuong xép choéng). Trong khi do,
nhirng dap irng dy doan dang lam viéc theo cach ctia n6 Ién kim ty thap.

Xac dinh gigi han chiéu sau cla phuong sai téi thi€u cho array nhu vay la van dé don gian vi n6
lién quan tryc tiép dén ty 1& huéng. Tham khao hinh 9.17. Vung bao quat phuong sai t6i thiéu bat dau &
chiéu sau diém gilra clia hinh ty 1& huwéng (dwdng dong nhat, noi ma gdoc bao quéat gép va khép khoang
ho) va két thuc & chiéu sau day du (dudng gii han, & dé ching ta bat dau dat ba lan dén ngudi nghe).
Ngoai dudng gi¢i han sé co ba hay nhidu lan dén, dan dén phuong sai gon cao.

9.3.1.2 Nguon line khéng ghép bat déi xirng --
Asymmetric Uncoupled Line Source

Co thé trai phuong sai mirc do toi thi€u bét dai xirng trén khu vure gidi han v&i ngudn khéng ghép
néu phdi hgp mirc do, vi tri va dinh huwrdng cén than. Nguyén tac lién quan la mot trong nhirng hiéu rng
bu, trong trrd'ng ho'p nay khong lién quan dén khoang cach va gain dién tir. Hay xem xét cuéc dua ma tat
ca van dong vién déu c6 cung diém xuét phat. Nhirng ngudi chay nhanh hon sé luén dan dau vi ho chay
dugc khoang cach I6'n hon theo thdi gian. Bay gid chiing ta hay thach thirc cudc dua vai vi tri khéi dau so
le v&i nhau dé ngudi chay cham hon khéi dau can xirng. Ngudi chay cham hon lac dau dan trude roi bat
dau cham dan, tiép theo la khoanh khéc, tat ca moi ngudri dén dich cung nhau khi khoan kh&i dau thuan Igi
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da tréi qua. Tur thoi diém nay, cudc dua da khai dong lai mot cach hiéu qua va nhirng ngudi chay nhanh
nhét sé di truée.

Combined shapes of minimum level variance: Uncoupled arrays

Uncoupled line source: 100% angle overlap Uncoupled point source: 33% splay angle overlap

FAR icons

Overtap
(3 » sources)

Unity ling
(1 or 2 sources)

Minimum vanance zone

Limit line
(2 or 3 sources)

Acoustic prediction 82/ Canaaaed il Acoustic prediction

—
4 x second-order @ 0°, 0dB, 1/6™ oct, 14x28m

Hinh 9.17 Hinh dang phuong sai mirc d6 t6i thi€u cua array line khéng ghép va ngudn diém bat déi xirng.
Trai: array loa bac hai, bén phan tr, vai goc mé 0°, line phu hop v&i dudrng ban dau, khoang cach va mirc do
canh bén bét bién. Phai: array loa gém 5 phan tir, bac hai véi goc mé 14°, khoang cach va mirc do canh bén
bat bién. Luu y, sy mé réng chigdu siu cua vung c6 phuong sai téi thidu.

Khoang cach déng nhat da bu -- Compensated unity spacing

DAy la ban chét vé tuong tac gitra nhidu ngudn am thanh c6 mirc doé khéng dong déu: Nguodn nghe
I&n hon luén thang. Néu can bang no vai bét ky vi tri nao trurde chd xudt phat cla loa nghe I&n hon, ching
ta phai can tr& cudc dua bang cach di chuyén loa nghe nho 1&n phia truéc bang lugng can xirng véi mic
bu mirc d6 cta n6é (Hinh 9.18).

Hai thi du curo'ng diéu vé bu khoang cach va mirc d (Hinh 9.19) dung dé minh hoa cho co ché.
Hinh dang FAR phu hop tirng mau riéng trong dap trng két hop, chi thi nhirng khu vure ¢6 1ap cao va
phuong sai mirc do tdi thi€u. Kich ban dau tién cho thay loa c6 khoang cach theo log v&i mirc dd déc theo
log, nghTa la khoang cach tr méi loa tuan ty giam xudng ntra khoang cach va nira mirc do (-6 dB) so VG
tru¢e. P bu va mirc do bu da tao ra dudng vién dudng chéo ngang bang nhau va tranh xa nhirng loa
nghe I&n hon & nhirng diém crossover déng nhat. Dudng thdng van thang khi chang ta di chuyén xa hon
nhung déi goc nghiéng cua noé theo khoang cach (hinh dang phu thudc theo pham vi, da mé ta & trén). Co
thé tly chinh dudrng vién cong theo nhigu ty 1& mirc d6 giam dan va khoang cach khac nhau.

Phuong phap lua chon (ciing hinh 9.19) tao ra du¢ng vién thdng bang cach dat so le diém khoi
dau va mirc do giam dan tuong xirng. Mirc d6 phai pht hop dé tao ra dwdng crossover dong nhét doc. Do
so le ban dau tao khoang cach gép doi cho tirng ngudn khac nhau. Nhanh nhu loa két hop lai dé tao ra
dudng thang, dudng vién bt dau nghiéng la thién vi cho loa truyén di xa. Mot lan nira, array khéng ghép
chi c6 thé duy tri hinh dang cho pham vi han ché. C6 nhirng khoang hé truée khi c6 pham vi déng nhét va
loa c6 pham vi dai hon (nghe I&n hon), &m thanh sé vurgt trdi & khoang cach xa hon.
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Asymmetric level combinations (A+B): Range and level ratios for compensated unity spacing

Range ratio

Lovel

(-6 dB)+ (-6 dB) = 0 dB

A (solo)

0d8 (A)

1.4:1(70%)

-3 dB(8)

A+B

2:1 (50%)

-6 0B (B)

AsB

2.8:1(36%)

-9 dB(8)

A+B

4:1 (25%)

-12 dB(8)

A+B

5.6:1(18%)

-15 d8(8)

A+B

8:1(12.5%)

-18 d8(B)

AsB

M+ [+ ]+ | [M]+ | ]+ | [M] +

Hinh 9.18 Ty 1& m{rc dé/pham vi cho nhirng ngudn co diém xuét phat khdng phu hop, bao gbm ca marc do

téng

Log tapered levels & spacing: Matched start

Compensated unity spacing: Asymmetric uncoupled line source array
Log tapered levels & spacing: Staggered start

Hinh 9.19 Hinh dang phuong sai mirc d6 t6i thiéu cho ngudn line khdng ghép bat ddi xirng. Trai: array nam
phan tir, bac hai véi goc mé 0°, dudng xuét phat phi hop, da bi khoang cach va mirc do dong nhét. Phai:
array bac hai, bén phan tir véi goc mé 0°, dudng xuét phat so le, da bu khoang cach va mac do dong nhat.

9.3.2 Ngudn diém khdng ghép -- Uncoupled point source

Ngudn diém khong ghép xtr dung ca hai: dich chuyén 1an c6 1ap goc, ma rong pham vi xir dung
duoc. Su tach roi goc sé di chuyén dudrng déng nhat ra ngoai nhurng ¢6 tac dong Ion dén dudrng gidi han
(g6c clia ba ngudn chong Ién nhau). Sy dich chuyén va mirc do cé lap goc gilra nhirng cép lién ké tang
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san lugng cho phan tur ké tiép lén hai [an. Thudng chon ngudn diém khong ghép hon 1a ngudn line khéng
ghép vi ly do nay.

9.3.3 Diém dén diém khdng ghép -- Uncoupled point destination

9.3.3.1 Piém dén diém khéng ghép déi xirng --
Symmetric Uncoupled Point Destination

Array diém dén diém khong ghép dat co ché ¢b 1ap di nghich (Hinh 9.20). Array nay c6 lap béng
cach dich chuyén ra ngoai va dao nguoc sy cd lap (chéng 18n) bai goc bén trong. Bay 1a chong chéo ma
khéng ghép nén co rat it loi ich cho viéc b sung. T4t ca array gdp nhau tai nhirng canh ctia nd & noi nao
dé nhung chi loai diém dén diém méi co6 thé vurgt qua diém ONAX. Tom lai, ching ta da "vuot qua hai lan"
va khong la diéu t6t. Sy chong chéo trén truc sé gigi han chiéu sau co thé xur dung, vao khoang mét nira
khoang cach t&i diém giao cat ONAX. Su ¢b lap cua phan tach vuot trdi khi it nhdm huéng loa vao bén
trong nhat, twong tu nhu nguon line khong ghép. Viéc chong chéo goc trd nén trdi hon khi gdc bén trong
I&n, han ché& pham vi x&r dung gan khu vure clia méi phan tir. Goc 45° bén trong co thé coi la diém pha vé
gitra dich chuyén va goc ndi tréi. Khu vire gan pham vi ¢d 18p gan nhu rét gan véi biéu tugng ty 18 hudong
trong phién ban d6i xirng cho dén khi chai trdi Ién, tiép can dudng giao cat ONAX. Tom lai, khéng thé xir
dung array nay lam array khi chiing ta nghiéng qua 45° vé phia trong, ma c6 thé xtr dung tirng dap trng
riéng cua khu vure, nam gitra nhirng phan tir riéng va khu vure chéng chéo. Phién ban déi xirng nhét 1a
array infill va monitor sidefill.

9.3.3.2 Piém dén diém khéng ghép bat déi xirng --
Asymmetric Uncoupled Point Destination

Bang bén phai trong hinh 9.20 cho thay phién ban bat d6i xirng, c6 thé nhan dién duoc 1a mat
phang doc cla "loa delay". Gia str hé théng da dong bo, ching ta ¢ thé quan sat phan mé réng tam xa
cua loa delay.

Mdrc do két hop lam giam ty 1& hao hut theo khoang cach, do d6 tao ra dwdrng mirc do quén binh
chuyén tiép trén truc cho nhirng phan tir. Pay la phuong tién mé réng mirc d6 duy nhat ma khéng dura vao
tac déng bu clia khoang cach va ty 1& hao trén truc. Khi xtr dung két hop véi nhirng hiéu (rng do, co6 thé
giam ty 1& hao hut xuéng mirc thdp nhéat co thé. O day, dap (rng trén truc két hop véi mirc do ting 6dB.
Nhirng vi tri trirére diém hoi tu gan nhau hon va cho ca hai yéu t6 con nhigéu hon nira, do d6 dén mirc do
vao thé bi. Pham vi m¢& réng mirc dé chuyén tiép phu thudc vao ty 1& khoang cach/mdrc dé (da thé hién
trong hinh 9.18).

9.4 Phwo'ng sai am phé cua array ghép --
Spectral Variance of Coupled Arrays

Co6 thé t6ng két phurong sai &m phé t6i thiéu bang hai tir: ludng am phang (flat beamwidth). Muc
tiéu 1a két hop nhiéu loa tao ra clng hinh dang theo tan sé. Néu phan tir da c6 hinh dang bao quat bét
bién, nghia la chidu réng phang, ching ta c6 thé l1ap lai chién lugc phurong sai mirc dé t6i thiSu méc du
can xem xét giai budc song 600:1.

That té, rat it (néu cd) loa c6 ludng 4m dong nhat trén full range cla nd. Ching ta phai thira nhan
giai LF qua rong, v&i cau hoi: hinh dang giai MF va HF ra sao. Tra I&i bdng hai ho lubng am tiéu chuén:
doan béng va ty l&. Thuc hién phuong sai am phé t6i da két hop bang cach bu phuong sai vé tirng hinh
dang riéng vé&i lrong co 1ap va chéng chéo b sung. Chung ta xir dung chdng chéo (ghép) dé thu hep giai
qué réng va co lap né dé mé rong giai hep. Cé thé két hop nhirng phan tir c6 ludng Am phang véi phan tir
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bi ¢6 lap trong giai doan béng (plateau) vugt troi va ting dd chdng chéo & bén dudi. mé rong doan bang
va thu hep giai LF dé lam phang hinh dang, dat duoc phuong sai t6i thiéu véi vai phan tur.

Shapes of minimum level variance: Uncoupled point destination arrays
Symmetric uncoupled point destination Asymmetric uncoupled point destination

Minimum variance line

Acoustic prediction

Hinh 9.20 Hinh dang phuong sai mirc t6i thiéu cho array diém dén diém khong ghép. Tréi: phién ban déi
x(trng. Phai: phién ban bat dgi xirng.

Phwong sai phé t6i thi€u véi nhirng phan tur ludng am doan bang

B Ving ¢6 1ap n&i réng giai doan béng (t6i da 2x).

B Chdng chéo tang dan lam hep dap (rng bén dugi doan bang (t6i da 0,5x).
B Chai nang tinh mién nhiém v&i c6 1ap nhung lai bu theo tan s6.

W Chai nang d chdng chéo nhung bu béng viéc ting buéc séng.

B Ting s6 luong lam ting dé phang ludng am két hop.

Nhirng phan tr c6 ludng 4m can xirng con ca chang dudrng dai phia trwdre va sé can luong dé
dén do. Ty 1& c0 1ap dé chong 1én nhau phai c6 tan s can xirng dé bu cho sy thu hep dan dan clia nhirng
phan tir. D6 co l1ap tang 1én theo tan s6 cung cép luc mé réng dan dan. Sy chdng chéo tang Ién cung véi
buédc song cung cp Iyc thu hep dan dan. Ludng &m két ho'p sé giam xudng khi lyrc chéng chéo va co 1ap
b&ng nhau va ngugc véi hinh dang phan tir ban dau.

Phwo'ng sai ludng am t6i thi€u vé'i ludng am cha phan tir two'ng xirng
W VUng c6 1ap n&i réng giai tan s6 cao nhat (t6i da 2x).

W M& rong gidi tan s6 co lap twong rng vai s6 lurong.

B Chong chéo tang dan lam hep dap (rng duGi giai cé lap (t6i da 0,5x).

B Chai nang tinh mién nhiém vé&i cb 1ap nhung bu vai tan sé.

B Chai nang dé chdng chéo nhung bu d&p bang cach tang budc song.
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W Tang s6 lugng lam tang do phéng ludng am két hop..

Chung ta c6 hai céng cu dé chuyén tiép. Co ché néi troi cho doan bang cua loa la ¢co 1ap, cho phép
x&r dung no trong ca hai array: ghép va khéng ghép. Chéng chéo lam néi bat ludbng &m cua loa theo ty I&
thuan, 1am gi&i han no tGi array ghép. Co6 1ap lan téa cudng do, trong khi chdng chéo cb dac né.

Co6 thé mé ta array nhu 1a sy két hop, co thé xay ra nam két qua: thu hep lubng am (ving ghép
choéng chéo), lan truyén ludng am (vling c6 1ap), don thé bi gitra chong chéo va co 1ap, tan xa lubng am
(vling chai) va cubi cung la viéc triét tiéu ludng &m (ap dung cho subwoofer trong chwrong ké tiép). Muc tiéu
cla ching ta la phwong phap array loa dan dén phuong sai Am phé t6i thi6u. Ching ta tim cach tao ra
nhigu dudng vach ngang béng, cé tan s6 ndm ngang nhau nhu san cla tda nha. Khi dap rng tré nén
nghiéng theo &m phé, n6 sé& nghiéng & moi ché. Day 1a mo vé gidc mo khong kha thi, nhung vai cach tiép
can sé lam cho chlng ta dén gan hon nhirng cach khac nhiéu.

Mot [an nira, ching ta sé nghién clru x&r dung mo hinh quen thudc dé cé lap nhirng thdng sé chinh
va xem sy dong gop cuia nd cho dap irng téng thé bang nhiéu budc nhu gép dai lién tiép.

Hay thao luan bon loai array ghép: ngudn line, ngudn diém déi xirng, ngudn diém bat déi xirng va
két hop lai gitra line/diém, con goi la Array "J". M&i loai déu c6 cach kiém soat tap trung ludbng am va lan
truyén ctia n6 khac nhau. Hai loai sé vurgt qua phép thir phurong sai t6i thi€u va tré thanh (rng ctr vién cho
viéc thiét ké t6i wru hoa.

9.4.1 Ngudn line ghép -- Coupled line source

Ngudn line ghép chira lwgng loa khdng gigi han s6 goc han ché nhat: 1. Tat ca chong chéo déu
khéng c6 su co lap va khdng chira co ché ma réng, chi thu hep. Day 1a mot cai bay ¢6 hiru. M6t ngudn
line ghép co thé dat dugc chidu rong ludng am két hop phang mién 1a nhirng phan tir déu phang dé bat
dau. Két qua téng ho'p 1a phién ban thu hep tir ban géc & tat ca tan s6. Day 1a mot cudc san doc dao vi
phan tir nay khéng ton tai dudi dang thirc co6 kha nang duy tri dap &rng ghép néi (trong vong 0,5 1) trong
toan bo giai tan. Tuy nhién, chang ta sé thurc hién bai tap dé minh hoa tac déng am phé cua viung ghép néi
& dang tinh khiét nhét cua no.

9.4.1.1 Phan tu -- Elements

Phan cong viéc dau tién la chon phan tir t6t nhat dé xir dung giéng nhu khéi xay durng ngudn line
ghép phuong sai am phé t6i thi6u. Kndng cé Iura chon nao t6t ca, nhung ¢6 vai loai dé hon nhirng loai
khac. Chung ta khéng c6 dai 16 dé mé rong pham vi bao quat ma khéng c6 gbc mé hay ché bién dac biét
nhu lai ludng dm. Diéu nay lam cho moé hinh bi thu hep & moi tan s6 va phuong sai gon bi nhoe vi viéc
dich chuyén. Phan tir ¢6 ludbng 4&m phéng sé& chay vao ric réi vé phuong sai gon vi ting tan sé va sé
lrgng. Chung ta c6 thé séng so6t khi két hop hai hay ba phan tir, nhung sy dich chuyén sé sém bét kip
buéc song nho. Nhirng phan tir cé ludng dm cén xirng ¢6 kha nang mién dich I6n hon nhung khong cé co
ché nao thay déi cach thu hep.

Truorng hop x&u nhét 1a phan tir bac mét dinh dang I6n: chdng chéo cao va dich chuyén lon,
nhung khong nghi ban sé khong thay né chi vi d6 1a y tuéng ngu ngéc hoan toan. Ludng 4m phang cé goc
choéng l1én nhau 100% sé c6 cong thirc toan hoc don gian: chai ty 1& véi tan s6. Binh dang nhé hon va thir
bac cao hon lam gidm triéu chirng nhung khdng c6 cach nao giam bét bénh.

Phan tir c6 ludng Am can x(rng trong diéu kién tuong ty cling cé mot cong thirc don gian: thu hep
ty 1& v&i s6 lugng.

Tuy nhién, chlng ta sé ti€p tuc v&i nhirng phan tir c6 thé gap phai trong tu nhién: twong rng voi
bac ba. O day c6 nhidu didu can hoc, sé ap dung cho nhidu loai array khac (Hinh 9.21).
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Coupled line source element

Cma—
mnen L) commn,
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_-‘/l’
Spherical radiating LF Line source radiation in HF Combined into hybrid element Full range line source
Single element in HF is stretched over cabinet Full range line source can be LF is stretched over multiple
section view height. Can be multiple drivers, created with multiple elements cabinet height. HF Is stretched
manifold or waveguide to create inside element and over the
equal time arrivals spread over multiple elements

the cabinet front

Hinh 9.21 Chon phan ttr cho ngudn line ghép
9.4.1.2 Chiéu dai cua line -- Line Length

C6 cau hoi ma k§ sur &m thanh thich hoi nhau la: "Cua ban dai ra sao?". D1 nhién, chiing ta dang
noi vé chiéu dai array line, thc déng chd yéu khi kiém soat huéng LF.

Nhé lai, ludng &m cua loa don dat t&i 90° khi buéc séng truyén di bang kich ¢& birc xa hinh nén.
Tan s6 thdp sé rong hon 90° va nhirng tan s6 cang thép thi thi cang hep hon cho dén khi buéc séng thu
nho lai @n mirc lugn séng tan xa theo mo hinh. Nguodn line ghép cling c6 mdc dinh huéng lién quan dén
kich c&: Pham vi bao quat la 72° khi duorng truy&n A bang chiéu dai cua line, thi du: Array dai 2m sé la
72° tai 170 Hz. Pham vi bao quat mé réng bén dui va thu hep theo ty 1& trén. Sy thu hep ciing theo tan
s6/budc séng, bi han ché béi do tan xa, trong trudng hop nay la do twrong tac chai gay ra bdi khoang
cach gilra phan tur.

Vai diéu kién dang cha y gan vao do bao quat chudn 1 1 = 72°. Phuong trinh duwdng chiéu dai
(line-length) ch&c chan ngudn 1a da huwdng, vi vay con s6 ving bao quat sé co lai v&i phan tir dinh hudng.
Chung ta ciing can du s6 lugng cho hinh dang line dé c6 loa kha day du. Hay suy nght vé d6 dai 1 1 nhu
sur lan truyé&n bu phase 360° trén phan tir. V&i chi hai phan tir, nguén sé cach nhau A day du, tao ra thuy
bén trai khéng 16 (0° + 360°). Ba phan tir cach nhau khoang 180°, nén dat chuéng bao dong. Nam phan tir
mang lai khoang cach dén 90°, c6 thé dat t&i sur hén loan c6 trat ty can dé triét tiéu tan xa hai bén. Ngoai
diém nay, s6 lurgng anh hudng dén tan sé cét rét it. Line dai 3 mét s& co cung tan s céat (113Hz) cho du
ching ta I&p day béng 8, 12 hay 16 phan tur di nira. Chiéu dai line 1.35m, 2.7m va 5.4m tuong (rng v&i tan
s6 cat 250Hz, 125Hz va 63Hz.

Nhirng tinh néng chinh cua chiéu dai line

B Thudc tinh tiéu chuén ap dung cho ngudn da huéng.

W Bao quat danh dinh la 72° khi chiéu dai line = 1 1, 36° khi chiéu dai=21 v.v.
B Phan tir dinh hudng gidam pham vi bao quat danh dinh theo ty 1.

M Line phai c6 hiéu qua lién tuc (40 mat do dé duy tri ghép nai).
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Giam goc sé giam ty 1& & tan sé trén chiéu dai 1 1, tire 1a chdng ta nhan dugc 36° khi tang gép doi
chiéu dai, hay gdp doi tan s6. Van tiép tuc thu hep véi nhiéu 1an gép doéi lién tiép. Ty & don gian khong gilr
dudi tan s6 1 1 khi pham vi bao quat dat t¢i 360°. Diéu nay ciing twong tu nhu cach géc bao quét va hinh
dang FAR ty I& thuan v&i goc hep, nhung véi goc rong thi khéng (Hinh 3.40). Tang gép doi chigu dai/s6é
Irgng lam goc con mét nira (phép nhan FAR mo ta trong phan 9.2 & trén).

That dé cudng diéu sy phan chia chidu dai line, cling nhur thudrng xay ra véi goc bao quat. Tan sé
1\ la diém tham khao thuan tién nhung khong la cai gi do néi bat nhu crossover sai vi tri. Dau phai 72° la
goc bao quat I&n nhat thé gi¢i. Nhirng tan s6 bén dudi diém danh ddu mé réng dan dan, khéng dot ngét,
vi vay dirng that vong khi thém thung loa mudi sau sé lam giam dd bao quat xuéng dén 68°.

Chiéu dai line 1a quyét dinh duy nhét & dau tan s6 curc thép cua loai array nay, noi ma phan tor da
huéng khéng bi 1ai hudng. Khi tan sé tang Ién va phan tir tré thanh dinh huéng, chiéu dai line mé rong
vlung khéng ghép/khéng xac dinh cua kim tu thap song song. Giai doan mé rong thay déi theo tan so, trong
HF dan dan sé lau hon. Digu nay dan dén viéc thay déi phurong sai theo goc va khoang cach.

Ngu i ta thudrng tin, chiéu dai line 1a d&c tinh riéng, lién quan dén ngudn line ghép (tat ca thiing
déu 0°). Nguon diém ghép ciing c6 chiéu dai, méc du & dang cong. Thing loa xéo vai do v&i phan tir da
huédng thi khong dang k&, do dd, khéng nén phi thdi gian phan tich sy khac biét gidra line va ngudn diém
trong pham vi lién quan.

Chung ta c6 thé tom t&t hanh vi chiéu dai line theo phuong phap Goldilocks: qué I16n, qua nho va
vira phai. Ching ta sé kiém soat khéng du khi A > chiéu dai line, kiém soat tét hon khi A < chiéu dai line va
"vira phai" khi A = chiéu dai line (Hinh 9.22).

Vong tron dinh ¢& theo budc séng cua tan s da thay (dudi bén trai). Cha y thiy ndm truée sau
diém hop lwru clia vong tron va xay ra triét tiéu & nhirng noi ma vong tron phan ra. Goc bao quat khoang
70°, bat ké s6 lwong khi chigu dai line béng budc song (phan trén). Géc bao quat sé giam mot nira khi A
bang mot nira chidu dai line (bang gitra dudi va bén phai).

9.4.1.3 Khoang cach giira phan tir -- Element Spacing

Khéng cé gi¢i han Iy thuyét vé chiéu dai line va su thu hep bt tan cua n6. Dat t&i gidi han vat ly
khi dich chuyén phan tir dd I6'n dé giai phong array va thuy. Day 1a kich ban "catch 22" ¢6 dién. Chang ta
c6 thé thu hep array mai mai néu cé dich chuyén nhd vé han. Mét khac, sé khong c6 thu hep chit nao khi
khong di chuyén gitra phan tir. Dich chuyén 1a co ché lai huwéng.

Tinh néng chinh cua khoang cach phan tu

B Phuong sai cho ra bu phase trong mat phdng khéng ghép (co ché 1ai huéng).

B Khéng dich chuyén vurot qua 2/3 A. Dich chuyén 1A tao ra thuy bén chét nguoi.

B Dich chuyén nho sé giam lugng lai hudng (tang lugng sé 1ai hudng Ion).

Nh¢ lai biéu tugng khéng gian cho cong dm (Hinh 4.16), cd hai tinh ndng chinh: line ghép va
khong ghép. Ngudn line tap trung lubng &m chuyén ti€p cla né 1én dudng ghép ndi trong khi thé chat trai
dai doc theo dutrng khdng ghép. Budrng ghép cé do dich chuyén/théi gian gitra nhirng phan tr it nhét va
dudrng khdng ghép thi nhiéu nhat. Diéu nay lam cho phan md réng t6i da vé phia trudc doc theo dudng
ghép va lugng nho hon doc theo dudng khéng ghép. Ghép néi ngang sé it hon ghép néi vé phia truée
nhiéu, mién |1a téng s6 phase gitra phan tir dau tién va cudi cung < 360°. Sur dich chuyén lién tuc gitra phan
ttr tao ra khoang cach bu phase déu nhau trong mat phang khéng ghép. Thi du: mudi phan tir lan truyén &
36° hinh thanh hang rao lan dén hoan hao trong mat phéng khéng ghép, khéng cé gi chdng 1én nhau nhau
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(tor 0° dén 324°). Thung thir mudi mét sé xuét hién & 360°, thém vao thung dau tién vi né & déng sau 1A.
Pay la su ra d&i cua thlly bén, mun coc sé phat trién gidng nhu thém nhigu phan tir vao. Sé thém nhiéu
thung b6 sung tir chd chuyén tiép nay, doc theo ca hai, dudng ghép I1an khéng ghép. Sy khac biét la tat ca
moi cai dang dan long vong trén dudng ghép va nd dang ghép chong nhau & canh. Thly trué'c van con
thém t6i da nhung cé con bdo may den trén canh.

Line length

Line length = wavelength 16 small elements different frequencies 8 and 16 large elements same frequency
7 elements

EICQ—H | mé_k ) :
FAR = 165 ) FAR = 1.65
= | FAR = 1.62
125 Hz = approx line length h '\ 125 Hz = approx line length

125 Hz = approx ine ieog h

. :F;R=3‘3 H— ’

|
125 Hz = approx 1/2 line lengml ﬂ

Hinh 9.22 Anh huéng cua chigu dai line trong ngudn line ghép, chigu dai la 2.76 mét (1A @ 125Hz).

250 Hz = approx 1/2 kne leng:h

125 Hz = approx line length

Viéc tich tu ghép chdng nhanh hon khi tan s6 tang Ién. Cuéi cung, chung ta dén chd két thuc tro
choi, do6 la khi A = d dich chuyén. Sy héi tu hai hoa nay dat phan tir & vao khoang 360° doc theo dudng
khéng ghép. Mbi phan tir thém mot cach xay durng vao phan tur ké tiép (cling & tan s6 do), gri lubng am
manh sang bén canh. Chlng ta khng thé dirng tién trinh nay, nhung cé thé giam tac déng cta nd. Chlng
ta can kiém soat bién do khi khong thé chién thang bang phase, do d6 nén gitr thily bén canh nho lai dé
giam thiéu thiét hai.

Vi vay, day la cudc dua. Chung ta cé thé gilr cuwrd'ng do cho nhirng phan tir rong va ghép, mién la
chung ta c6 thé gitr n6 & gan nhau (theo buéc séng). Ching ta c6 hai lwa chon theo cach dich chuyén dén
gan A: Thu hep phan tir (co 1ap) hay chéng n6 sang phan tir khac bang dé dich chuyén nhé hon, khai déng
lai cudc dua (Hinh 9.23).

9.4.1.4 Hiéu (rng sd Iwo'ng - Quantity Effects

Phéi hgp ghép ndi va dich chuyén dé tao ra sy thu hep. Lurc phan tac dung tiém nang déi vai diéu
nay la sy ¢b lap bang goc mé valhay tach rdi, khéng c6 mét trong ngudn line ghép. Viéc ¢6 xtr dung s6
lugng dé giam phuong sai &m phd cho ludbng 4m cla loa théat can xirng, da trinh bay trong hinh 9.24 12 v6
ich. S6 lwgng gédp déi lién tiép chéc chan thu hep ludng am két ho'p, nhung n6 lam nhu vay cho tét ca tan
s6. D6 la mot chu ky chia vo tan, vai mdi phan thém vao lam giam toan bé dap (rng, nghia la gan dén,
nhung khéng bao gi¢r dat t&i dé bao quat 0°. Thang do biéu do theo chiéu doc (theo dd) gay &o giac vé sy
khéac biét vé viéc am phd giam theo s6 lugng, nghia la ludng Am cla 16 phan tir, khi nhin trire quan co
chiéu ngang I&n hon khi s6 Iwgng nho hon. Bay chac chan khéng phai la doan bang lubng am da mé ta
trurdc day. Chigu rong ludbng Am HF chi thay doi vai dé/octave, nhung su thay déi goc nhu vay rét Ion khi
n6 co6 dd chénh léch ndm giira 4° va 2°. Géc bao quét theo tan s van can bang twong déi trong moi
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trwdrng ho'p, nghta 1a, néu no6 rong hon 12x & 1kHz hon 8kHz cho mét thung, thi 16 thung sé rong hon
12x.

Element spacing effects

1135 (120%) : 23" 5. (240%)

125Hz I

az N b / \
- ) \ 3 )
= W

Hinh 9.23 Hiéu (rng khoang cach giira nhirng phan tir cho nguon line ghép. Khoang cach chiéu
dai song (wavelength) tir 1/3, 4/3. Thuy bén sé manh & khoang cach ngoai 2/3A.

Ao giac bi pha vé& khi ching ta thu lai d6 bao quat cua array tuong tu thanh FAR theo tan s6 (Hinh
9.25). Thang do FAR cho thay tap trung lubng &m clia kim ty thap song song. Ludng &m thu hep lién tuc
khi tang s6 lurg'ng va hinh dang cua vung bao quat mé réng vé phia trudc vo han. Giai LF cla line ghép sé
khong bao gior nhan duoc bét ky gan giai MF va HF va hinh dang cta né bat ké s6 lugng ra sao. Xudét hién
thay d6i ludbng &m 1° khi diéu chinh chiéu doc khong dang ké. Nhung thay déi 1° gitra 90° va 91° |a vén dé
rat khac so vai 1° sang 2°! Thang do FAR cho thay diéu nay.

Khoang cach chuyén ti€p can dé dat dap (rng ghép ndi hoan toan sé ty 1& nghich véi tan sé.
Khoang cach cho méi phan tir dé dap (rng phan tir gan nhét clia n6 sé kéo dai khi hinh dang FAR thu hep.
Kim ty thap ghép néi day du cé thé xa hon 32x, & tan s6 16kHz hon la 125Hz. D6 nghiéng am phd thay ddi
theo khoang cach vi khan gia & gan ndm trong ving bao quét chi nghe ¢é vai driver HF (va t4t ca LF).
Khan gia & khu vurc xa nghe thdy ca HF va LF.

Tap hop nhidu dy doan vi ba s6 lwgng gép doi lién tuc, hién thj trong hinh 9.26. Hay nhin vao
cach x8p chdng trong bang danh gia cua ching ta. Dang mé hinh bao quat cho méi giai s& ndm trén dau
mbi cai khac néu dat t&i phurong sai Am phé t6i thiu. Trong trrd'ng hop cua ching ta, pham vi bao quat
thu hep theo tan sé.

Hiéu rng s6 lwg'ng trén ngudn line ghép (Hinh 9.26)

B Thu hep pham vi bao quét ty 1& thuan vé&i s lwgng (giam/nhan déi 50%).

B Ty I& cua phuong sai &m phd khéng thay déi (tdt ca tan s6 déu thu hep).

B Ghép ndi lubng &m (chéng 100% trong kim tur thap song song) 1a Iurc chinh.

B S6 luong I6n hon hinh nhu 1am gidam phuong sai &m phd vi giai tan dang thdy khéng mé réng

du xa dé hién thj ghép ni day du & tan s6 cao hon. Nhirng giai thdp hon chay toan b quy trinh

clia kim tu thap trong khi giai cao hon van chua dat dén dinh diém.
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Combined beamwidth shapes: Coupled line source array quantity

7 deg 1x
T deg 2x 0deg
—7 deg 4 x 0 deg

\ —7 deg 8 x 0 deg

\ —7 d8g 16 x 0 deg
\ Beamwidth falls

as frequency
nses at all
quantities

Array configuration 280

L

N

Beamwidth (degrees)
52838

16x (2.5° @ 2 kHz) 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz A4kMz BkHMz 16KHz
> Frequency (Hz)

Hinh 9.24 So d6 ludng am vai tan s6 cho ngudn line ghép bac ba

Combined FAR shapes: Coupled line source array quantity

Array configuration o
10 . ~
~
20 | \\\
A A
30 | 1
Foward Aspect Ratio
2 40 | 2 increases as frequency
é rnses at all quantities
| 0 2x quantity = 2x FAR
= 501 25
Length to full coupling (relative to width between elements) §,
Coupled Line Source (3rd)| DI 10 full coupling 3 S0 2
Freq | Element | Splay 2 4 8 70 |
63Hz | 360° P =i
125Hz | 360 80 |15 7deg 2x 0 deg
250Hz | 225° —7 deg 4x 0 deg
500 Hz 145° 90 -7 deg 8 x 0 deg
1 kHz 90° —7 deg 16 x 0 deg
2 kHz 45° 100 + 1.2° g ¥ 7 1
:::l 3(2! 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz 16kHz
z
oKz | T Frequency (Hz)

Hinh 9.25 So d6 FAR v&i tan s6 cho ngudn line ghép béac ba

Dé coi ching ta c6 thé tim thdy duwdng phuong sai &m phé t6i thiu hay khéng. Dudng phurong
sai mirc dé t6i thiéu ndm hai bén chay qua dap (rng gan khu vyrc cla array (Hinh 9.27). Day la mac do
duGi cling cua kim ty thap song song, duorng déng nhéat cho nguoén line khéng ghép, da mé ta trong phan
4.4.2 (va ngay trong phan 9.5). Tuy nhién, day khéng phai la line phurong sai 4m phd t6i thiéu, vi vj tri cua
né thay d6i manh theo tan s6. Sy khac biét nay co6 thé dé thanh yéu t6 20:1 trong array ¢ phan tr ludng
am can xurng!

Ba giai doan két ho’p trong nguon line ghép

B Khong ghép (khu vurc gan): xac dinh pham vi bao quat dugc theo chiéu doc trén chiéu dai line.

B Ghép mot ntra (khu vuyre gilra): Bao quat bién hinh gitra nhirng xac dinh.

B Ghép néi (khu vurc xa): xac dinh pham vi bao quat theo goc.

D4 loai trir cach tiép can khu vure gan/khéng ghép nhu d6i thi. Hay di sdu hon. Chung ta sé chd
cho dén khi array ghép hoan toan va co6 hinh dang cta loa don. Chung ta dang tim dudng MV, tr
ONAXFAR dén OFFAXNEAR. Van dé la ONAXFAR ¢& tan s6 100Hz & cach loa vai mét, con & 8kHz, phai
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dan nhan cho n6 la ONAXEXTREMELY-FAR. Phai xa 20x hon nira dé HF dat dugc dinh kim ty thap

(ghép hoan toan) hon ca LF, vi vy ching ta dang duong dau véi nhirng thach thirc khdng kha thi twong

tur. ONAX ti€p tuc tién sau hon theo tan s6. Quan hé cua n6 véi OFFAX cho thay dap (rng goc thu hep,

giéng nhu phan tir ban dau (bat ngd chural). Khu vure bién dang & gitra sé khong c6 gid tri t6t hon vi chiéu
dai va chiéu rong cua n6 dai ty I& theo tan s6. Khong ¢ vi tri ONAX hay OFFAX nao co thé coi la dai dién
am phd cho array. Vay dau 1a vj tri d&t micro dé diéu chinh array nay cho t6t nhat? Téi chang biét.

0° spiay
1/6" octave,

Quantity effects: Coupled line source array

30x120m

2 x third-order @ 0°

EITE

4 x third-order @ 0°

Coverage angle:
IS Undefined
=== Defined

Quantity effects: Coupled line source array

8 x third-order @ 0°

16 x third-order @ 0°

Hinh 9.26 A, B Hiéu (rng s6 lugng so vai tan s6 cho ngudn line ghép

@ Sound & Lighting

Coverage angle:
I Undefined
=== Defined

30°
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Pyramid effects on the spectral variance progression : Coupled line source

125 Hz g 3
Minimum variance lines:

Unity crossover line: Flat ine with variable
distance over frequency

Min Var line (ONAXFAR to OF FAXNEAR)
Origin and angle change with frequency

500 Hz
8x third-order
@0’
Unity XOVR line (7 x 2-way) Unity XOVR line (6 x 3-way) (5 x 4-way) (4 x 5-way)

Location hears 8 x LF vs. 2 x HF 8 xLF vs. 3xHF 8xLF vs. 4 x HF 8 x LF vs. 5 x HF

Hinh 9.27 Hiéu (rng kim tu thap song song trén phurong sai 4m phé clia ngudn line ghép.

Co mot vi tri co thé phuc vu lam méc tham chiéu: dinh kim ty thap & tan s cao nhét. T4t ca loa
déu ghép du & tat ca tan s6. Hay dung tam phan tir lam thi du. Dap &rng két hgp tir thoi diém nay tré di cod
hiéu qua twong duong véi mot phan tir array da chia va nhan rong. Dap (rng sé phang (néu n6 bét dau
theo cach d6) ngoai trir nhirng anh hué'ng cua sy hao hyt trong khong khi (HF) va phan déi. Luat binh
phuong nghich dao vé hao hut tiéu chuén va dinh rd goc lan truyén tré thanh chuyén binh thudng.

Hay goi n6 1a "phéng-flat" va di chuyén huéng vé phia array. Dap (rng tan sé bat dau nghiéng vé
phia thap (pink shift) vi mdi budc tién giam s lugng phan tir & dinh cao (high end), tir tam dén sau, bén
va cudi cung la hai. Ching ta dang trong pham vi bao quat clia chi c6 hai phan tir HF nhung van c6 thé
dugc nghe bon driver MF va tam driver LF. Két qua la tang dé nghiéng &m phé khi ching ta ti€p can array.
K&t luan: phuong sai &m phé cao theo khoang cach.

Phuong sai &m phd giam nhe it nhat gitra diém tham chiéu va khu vurc gan bang sy hép thu cua
khong khi (niém an Gi nho). Chép kim tur thap, diém xa nhat, c6 hao hut khong khi & HF cao nhat va thap
nhét theo truc. Di chuyén gan hon sé giam dd hao hut trong khéng khi, nhurng it loa trén truc hon. Két qua,
(rng dung phu thudc vao thoi tiét.

Chlng ta hay tré lai diém tham chiéu va di chuyén theo huéng huéng tam. Ap dung giam trén truc
tuong ty khi ching ta mét phan tr HF v&i téc d6 nhanh han MF va LF. Sy nghiéng &m phd tang khi ching
ta di chuyén khai truc. K&t luan: Phuro'ng sai &m phé cao theo goc.

Ngudi ta thudng khéng dinh, hanh vi ngudn line ghép bét chuéc loa don. D6 la loa ma muén tim
hinh dang clia n6 phai mat mét quang dudng dai! "Loa" nay chi ¢c6 thé duy tri dwdng phurong sai toi thiéu
cho giai tan s6 va khoang cach gi¢i han. Ngudi nghe va ki su t6i wu hoa cé thé sé thdy minh trong ving
chuyén tiép bién ddi gitra birc xa cua chiéu va goc da xac dinh. Ngu i nghe khong quan tam, nhurng phan
biét c6 lién quan dén t6i wu hoa, vi chién luge clia ching ta doi hoi mé hinh bao quat cé thé dinh rd va 6n
dinh. Chi c6 thé diéu chinh hé théng dang chuyé&n déi & mét diém trong khong gian. C6 thé lam nhirng hé
théng nay I&'n va manh 1én. “Dudng 4m thanh-line of sound” hién dai la cai tién I&n tir "twdng &m thanh"
cl, vi giGi han sy can thiép trong mét mat phéng va giam dang ké & mat phéng khac. Nhung chdng ta
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khoéng can giai quyét quyén hanh trén phuong sai t6i thi6u ngay. Loa bac ba hién dai vén co thé thurc hién
I&i hira do, chung ta sé thay sém thoi.
9.4.1.5 Hiéu (rng mirc do bat déi xirng -- Asymmetric Level Effects

Chi c6 mot Iyra chon vé bat di xirng trong array ngudn line ghép: mirc do bién déi (Hinh 9.28). Co
thé giam phan tir c6 mirc d6 bao quat gan nhat dé bu cho khoang cach. Day la [am 1an vi that té khong co
tach biét gira pham vi bao quat gan va xa. Két qua cua mirc do giam dan (taper) nhu vay, khéng dang
ngac nhién, vi phan I&n khdng c6 hiéu qua. Tim thdy hiéu (rng manh nhat trong khu vyrc gan (va giai HF),
noi ma hanh vi khong ghép la co ché chi phéi. Téc do giai HF giam dan sé nghiéng dud'ng dong nhét theo
cach cua ngudn line khong ghép bat d6i xirng (phan 9.5.1.2). Ghép néi vuat trdi khi tan s6 giam va két qua
chéng qua chi 1a dinh tam lai (va tang nhe) lubng &m phia truéc (va mét trong irng véi kha nang nang
lugng LF). Mirc dé vuét giam dan von lam giam kha nang SPL t6i da nhung co thé dang lam trong trudng
hop ¢6 thé thay d6i hinh dang dap (rng theo hué'ng phuong sai t6i thiéu. M6 hinh dinh huéng bién do
khéng c6 hiéu qua khi khéng cé sy ¢o 1ap, diéu nay lam cho mirc d6 4m phd day du bi giam di, chuyén
khong thé lam v&i ngudn line ghép. Can diéu chinh mirc bat d6i xirng cho HF trong khu vire gan. Mac du
vay, nhirng diéu chinh nhu vay sé c6 loi ich rdt nho. Bao gom thinh gia & khoang cach gan va xa bang mét
chdng loa dat & 0° 1a thiét k& I&n that bai ma & do6 mirc d6 giam dan cua HF chéng qua chi la Band-aid®
(so clru).

e m"%’?‘;‘::;d i Level taper effects: Asymmetric coupled line source Coverage a':‘n'z;’
1octave, 23 x90m I Unde
No level taper (0.0 dB) -16 dB level taper in 16 steps [E====1 Defined

Hinh 9.28 Hiéu (rng bét déi x(rng véi tan sé cho array ngudn line ghép
9.4.2 Ngudn diém ghép -- Coupled point source

Ngudn diém ghép 1a lai gilra goc chong chéo va co 1ap. N6 c6 co ché ma réng va thu hep, co thé
ap dung cung lac. Ngudn diém ghép co thé dat ludng am két hop phéng khi nhirng phan tir phang bat dau
v@i/hay thu hep tuong xirng véi tan sé.
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Ngubn diém ghép co6 thé chira lurgng loa khéng gi¢i han nhung bi gi¢i han trong mét ludng dm két
hop khéng qua 360° (duh!). Tirng phan tir, goc mé, s6 lwgng va mirc dé bat ddi xirng, tat ca déu co vai tro
dé choi. Chung ta lai ¢6 1ap mdi co ché trong viéc tim phuong sai dm phé t6i thidu.

9.4.2.1 Phan tir -- Elements

Té&t ca phan tir loa tiéu chuén clia chlng ta d&u 1a (rng vién ngudn diém ghép. Xtr dung loai lubng
am phang bac mét va hai dé mé rong huéng tam (hinh quat). N6 hoat dong t6t khi co lap géc. Phan tir ¢
lubng &m can xirng dugc ura thich cho viéc thu hep moé hinh va tao dang bat déi xirng cao. N6 ciing c6 thé
mé& rong dap trng, nhung doi hdi s6 lugng In hon phan tir bac mét va hai réat nhiéu.

Combined beamwidth shapes: Coupled point source array (first-order)

Array configuration 360 ~ — 90° (1) single
N 330 Coupling Zone : 90° (1%) 2 x 85°
8 AB 200 : | Combing/Combining — 90° (1*) 3 x 85°
: : 270 \ Isolation Zone
AC 240

Percentage overlap between elements 150 l High Overtap ||

Beamwidth (degrees)
8

Coupled Pt Source (1st) | % Overlap | 120
Freq | Element L1 0§ X
63 Mz 380 90 | \ TR
125 Hz 360 y
250 Hz 230 60 = e
500 Hz 165 wavelengt
30 |
1 KHz 95 displacement
2 kHz 85 0 ¢
4 kHz 90 63Hz 1265Hz 250Hz SO00Hz 1 kHz 2 kHz 4 kHz 8 kHz 16 kHz
8 kHz 100
16 kHz 95 Frequency (Hz)

Hinh 9.29 So d6 ludng 4m cho ngudn diém ghép bac mot, goc mé xéo va mirc do dong nhét.

9.4.2.2 Can bang tac ddng cua géc chéng chéo va cb lap -
Balancing Effects of Angular Overlap and Isolation

(Splay: Goc dat loa xéo, xin dich tom gon la goc mo dé khéng tring vdi tor khac - ND).

Hanh vi ludng &m cua array ngudn diém déi xirng bac mét, thé hién trong hinh 9.29. So sanh tirng
don vi v&i s6 lugng hai va ba don vi array & goc mé dong nhét. Giai tan trén 1kHz cho thay sur gian no
huéng tdm bang cach lan truyén ludng 4m (céng Am viung cb 1ap). Ludng am két hop trén 1kHz la gian thé
clia nhiéu phan tur riéng. Array ba phan tir c6 ludng 4m bét bién khoang 260° trong 6 octave. Day la array
c6 phuong sai &m phé t6i thiéu. Nhirng cdu hinh nay chia sé tinh nang phé bién trong nhirng array ngudn
diém. Hanh vi nay co thé coi nhu 1a chia doc theo dudng chong l1én nhau 50%. Sy phan bé & ving co lap
vurot troi dudi dudrng 50% va lubng &m ving ghép & trén (cung vai kha nang chai). D& nhan ra dudng
50/50: diém ma vung bao quat két hop quan bang goc tirng phan tir riéng.

Hinh 9.29 ciing chira bang cua quan hé phan tram chdng chéo riéng gitra nhirng phan tir cua
array. C8u hinh ba phan tur cho thdy, co6 ddy va kéo & 250Hz, c6 khuynh huéng ghép ndi gitra nhirng
phan tur lién k& (A-B va B-C) va cb lap vong ngoai cung (A-C). Quan hé day-kéo (push-pull) nay rét quan
trong khi nang lwgng phan tur di 1én.

Luu y thém vé hinh 9.29: Can giai thich tan s6 tir 250Hz dén 500Hz ngén gon. C6 d6 ¢d lap goc
trén 1kHz dé mé ta ludng 4m khong cb su gidn nd vat ly, nghia la nhirng phan tir nay co thé Ién hay nho,
va cling thu nhé @6 dich chuyén clia n6 tuwong (rng. Su dich chuyén l1a yéu t6 xac dinh duéi 1kHz khi goc
chdng chéo tidng déu dan. Array hai phan tir nay co dich chuyén 1A (0,69 m) & 500Hz (va 0,5\ & 250Hz).
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Tim th&y loai bién thién lubng &m nay trong bt ky array hai phan tir nao khi tan sé roi xuéng dudi 1A, véi
diém hep nhét dat t&i 0.5\ (xem phan 4.2.2.3). Kich ¢& phan tir anh hudng dén giai tan s6, khi dich
chuyén I&n s& ha giai tan xuéng. D06 phirc tap tang 1én khi thém phan tir vao vi mbi cai déu co6 quan hé
trong quan véi nhau. Ngudi doc nén coi nhirng tuong tac dudi giai tan s6 bj ¢o 18p nhu 1a khuynh huéng
sé diéu chinh giai tan s6 cua n6 bang kich c& vat ly ctia phan tir. N6i tém lai, ching ta ¢ thé noi chéc
ch&n, mét cap loa bac mot dat xéo 90° sé thu hep (& 0.5\) nhung khéng nhét thiét tai 250Hz.

Ciing ap dung nhirng nguyén tac nay cho hé théng bac hai (Hinh 9.30). Kich c& vat ly va phan bd
sung cua driver cling twong tu nhu phan tir bac mét (Hinh 9.29), vi thé sur chénh léch c6 thé cho la do su
khac nhau gitra horn HF va gboc mé. Giai tan vung c6 lap bay gitr bi gi¢i han & 4kHz va tang 1én & noi nd
lan truyén tang theo dé mé cua gobc md déng nhét 40°.

Combined beamwidth shapes: Coupled point source array (second-order)

Array configuration 360 ==—A0 WgiArnd) 0 40
\ \ 40 deg(2nd) 5 x 40
330 : —— e 2 B
q v > Coupling Zone Combing/Combining Zone :g :eq :w:| : :2
300 | BB R T S
O ‘v AB 40 deg(2nd) 2 x 40
Q N i 270 1 — 0 degi20) 1 x
2 240 |
.AC g Isolation Zone
g 210 ]
=2
£ 180
Percentage overlap between elements § 150
Coupled Pt Source (2nd) | % Overlap | g 120
Freq | Element A< | A @ Low. Over
63Mz | 380 90 : e
125Hz | 380
250Mz | 230 & s
500Hz | 165 30 50% Overlap

1 kM2 110
2 kHz 90
4 kMx 40
8 kMz 35
16 kHz 40

0 |
63 Hz 125 Hz 250 Hz S00 Hz 1 kHz 2 kHz 4 kHz 8 kHz 16 kHz
Frequency (Hz)

Hinh 9.30 So d6 ludng 4m cho ngudn diém ghép bac hai, goc mé va mirc dé déng nhat

C6 vai khuynh hudng dang chi y bén dudi 4kHz, trong dé s6 lugng phan tir ¢6 anh hudng manh
dén phuong sai am phé. Dau tién 1a trong kich ban hai phan tur, gitra 500Hz va 1kHz. Chir ky d&c trung
nay (1M/0,5\) 1a mét octave phia trén array hai phan tir bac mét (Hinh 9.29). D6 dich chuyén vat Iy giam di
mot ntra do goc mé nhd hon (gan phia trwde hon).

Khuynh huéng tiép theo 1a huégng téi tap trung ludng &m vung ghép. Goc két hop & tan s6 125Hz
va thdp hon ludn hep hon dap (rng 360° clia nd. Ludng &m hep lai theo s6 lurgng tang lén: 1am viéc vé tap
trung ludng &m khong thé sai lam.

Khéng con ap dung kim tu thap song song c6 chubi chéng chéo 100%. Thay vao do, cé chubi
chodng chéo phtrc tap khac nhau gitra nhirng phan tir theo tan sé. Nhirng phan tir ngoai cung la nhirng
phan bj co Iap nhét, d&t cai thing xe 1én hé s6 ludng Am va cudi cung tién t&i lan réng. Digu nay 1a hién
nhién trong dap (rng 250Hz, m& réng véi s6 lugng I&n (nam va sau phan tir).

Khoang tlr 200Hz dén 4kHz la chién trurgrng gitra hai yéu t6 canh tranh va bu: ¢6 1ap goc va sy
dich chuyén budc séng. That té vat Iy cta nhidéu cum phan tir bao gdm thay déi A I6p nhu s lrong phan
tr tang 1&n. MGi phan tur di chuyén cling mét lugng tor don vi lan can nhung sy turong tac van tiép tuc gitra
nhirng don vj tach biét, mac du giam béng cach c6 lap goc. Viéc xép I6p cho nhirng twong tac nay tao ra
khung dét phirc tap da tim thdy & day. Thi du nhanh, hdy xem xét array 5 phan tir dich chuyén di 0,5\.
Thung & gitra cach thung lan can 0,5\, nhung cach don vi bén ngoai 1A. Bon vi ngoai cung cach nhau 2A.
Nhirng twong tac twong tac nay rat manh, mién la phan tir co giai tan s6 da cho kha réng.
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Giai 250Hz dén 500Hz cho ra céi nhin vé yéu t6 canh tranh. Ludng &m két hap hep hon tirng don
vi riéng v&i s6 lrgng tir hai dén bén phan tir (tap trung ludng am vugt tréi). Goc lan ra rét rong véi ndm va
sau don vj (200 dén 240°), c6 1ap nhirng phan tir ngoai cing du dé lan truyén ludng 4m, ngay ca khi phan
tlr & gitra bj chi phoi béi lubng am tap trung. Két qua két hop sé mé réng ra ngoai mét phan tir duy nhat.

Hé thGng bac hai thay thé xir dung hé théng horn-loaded c6 dang I&n v&i mé hinh danh dinh 30°
trén 2kHz (hinh 9.31). Driver horn-loaded th&p lam giam ludng 4m LF, md& rdng giai tan so riéng biét vurot
qua loa front-loaded bac hai, mdc du gbc mé& giam. Két qua la lubng am déng nhat hon theo s6 lwgng. Luc
ludng &m lan truyén va ludéng &m tap trung day dap (rng ngugrc huéng khi lwgng tang 1én. Bap irng HF mé
rong tiép tuc, trong khi dap (rng LF bi thu hep, két qua 1a két hgp ludng &m én dinh hon phan tir don. Khu
vurc mid-range nhin thdy ca hai, tap trung (s8 lugng < 3) 1an lan truyén (s6 lugng > 3).

Combined beamwidth shapes: Coupled point source array (second-order horn)

Array configuration

380 —30 deg(2nd) 1 x
> 30 deg(2mf) 2x 30
o 330 ~—30 deg(2nd) 3 x 30
O@Dw 300 {[ Couping Zone —30 deg(2nd) 4 x 30
-9 270 =30 deg(2nd) 5 x 30
AC g 240 Combing/Combining
e
g 2 Isolation Zone
Percentage overlap between elements g
Coupled Pt Source (2nd) | % Overlap E
Freq | Element | Splay | A-B A-D AE F
63 Hz 280 30 L
125 Hz 190 30
250 Hz 138 30
500 Hz 100 0 High Overfap
1 kHz 50 30° BE 50% Overlap Low Overlap
2 kHz 32 0 0 15
4 kHz 35 0 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4 kHz B8kHz 16 kHz
8 kHz 38 30 Frequency (Hz)
16 kHz 32 30

Hinh 9.31 So d6 ludng &m cho ngudn diém ghép bac hai, sudn, gobc mé va mirc dé déng nhét.

Array nam phan tdr 1a thi du dang chl y vé phuong sai 4m pho t6i thiéu. Nhirng yéu t6 array bu da
dap (rng trong giai 160° trén toan bo giai tan sé cua thiét bi.

Tiép theo, chlng ta kiém tra tdc déng chong chéo goc cho vai phan tir ¢é dinh. Trong trud'ng hop
nay (Hinh 9.32), chiing ta sé xtr dung lai array bac hai horn-loaded da mo ta dac diém. So sanh tac dong
chdng chéo goc tang 1én theo dap (rng bang cach xtr dung goc mé ddng nhét 1a 30°. Géc mé 22.5° cho
phép chlng ta co 18p 75% va chong 25%. K&t qua két hop giam bang thong xap xi 25% trong toan b giai
tan. Khdéng nhin thdy hiéu trng phu chdng chéo trong lubng am: téang phuong sai gon (-) va tang thém
nang luong (+).

Phat sinh tac déng ngoai y mudn & mirc chong chéo 50% (goc maé 15°). Giai 125Hz b lai huéng
do mix quéa ndng & phia chéng chéo. Phan tir don 1a 180°, 1am cho don vi 1an can & goc mé 15°, ¢b chong
chéo hon 90%. Sy két hop nay r&i khoi giai tan thdp, giam xuéng chi con 60° trong khi ving doan béng &
trén 2kHz van gitr & 90°. Moi ngu&i déu thich kiém soat huéng LF nhung ban c6 thé c6 quéa nhiéu céi tét
hon. Bau ngoai 10° (mot bén) cua vung bao quat ¢ phan mé rong HF day du trong khi giai LF giam hon
6dB. Do réng ludng Am cua array (hay phan tr) khong bao gid ¢ mids va low hep hon giai tan s6 HF trir
khi ban muén né nghe giéng dién thoai. Array c¢é phan tir ludng am phéng chdng chéo cao ciing c6
phuong sai gon tang 1én. Nhung it nh&t nd nghe that Ién! Day 1a array co kha nang bat chung ta réi khoi
phong.

Cugi cuing, chung ta cling dat chéng chéo 100% véi goc mo 0°, d6i ngudn diém sang ngudn line.
Kim tu thap song song lam sup dé ludng am nhu du kién. Van tiép tuc thu hep cho dén khi sy dich chuyén
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pha v& lubng am tap trung va chai/quét phan tan mé hinh (trong trudg'ng hop nay diém pha vé vao khoang
4kHz). Nhirng ludng am két hg'p trong viing phén tan giéng nhu tirng phan tir riéng, mac du c6 phuong sai
gon Ion. D6 réng ludbng &m mo réng theo yéu t6 10:1, gitra 4 va 8kHz, loai bo tat ca hy vong vé hiéu suét
phuong sai t6i thiéu cho array nay. Pang chi y 1a array ludng am phang chdng chéo cao la loai phé bién
cho &m thanh ca nhac nhét, trudc khi loa cé ludbng &m cén xirng bac ba, ra d&i vao thap nién 90. Cong
suét, c6. Phuong sai t6i thi6u? Khéng.

Array c6 loa bac ba (Hinh 9.33) x&r dung gbc mé 1a mét phan nhé cua nhirng gia tri da xir dung
trurdc day cho hé théng bac moét va hai. Giai tan s6 noi gilr goc mé dong nhat 1a thdp nhét hon bao gidr
hét: trén that t& thi khéng vay. So sanh dap rng ctia mét phan tir véi gdp doi lién tiép 1én dén tam don vi.
Cé vai khuynh huédng kha quan trong.

Chung ta bt dau v&i hanh vi lan truyén ludng am & 8kHz. Luu y, dap irng tirng don vj (15°) réng
hon array cla hai don vi (8°), va bang bén. Biéu nay phu hop véi that té 1a géc déa chon (géc mé t6i da cla
hang san xuét v&i khung treo chuén) nhé hon goc mé dong nhat. Nhirng don vi ngoai cling chéng 1én
nhau it hon va lubng &m bat dau lan réng khi lugng tang. Sy chdng chéo tré nén manh hon va ludng am
tap trung ngay cang tréi hon khi tan s6 giam. Két qua la lubng am két hop det dan dan, tréi nguoc voi
phan tir déc xudng 6n dinh. Day la tinh nang thiét ké loa bac ba chu yéu. Array ngudn diém bao gdm nhiéu
phan tir thu hep déu sé l1am hanh vi ludbng dm c6 hiéu (rng bu déu dan. Béi vai gobc mé nhat dinh, khi tirng
lubng am riéng hep (tang tan so), ludng &m két hop sé lan ra do sy cé lap. Khi ludng &dm riéng ma réng
(tan s6 roi xuéng) thi ludng &m két hop tap trung lai do chdng 1én nhau. K&t qua la hiéu (rng push-pull l[am
phang bang thong trén giai tan s6 16'n khi s6 lwgng tang lén. Viéc quan sat dap (rng theo s6 luong cho
thady sé tdng gdp doi dién tich da lam phang vé&i méi lan tang gép déi s6 lugng. Hai don vj c6 san lugng
lam phéng xuéng 2kHz, bén don vi mé réng né xuéng 1kHz va tam don vi lam phang bang théng dén
500Hz.

Combined beamwidth shapes: Overlapped coupled point source array (second-order horn)
Percentage overlap betweer.\ elements 380 —30 deg(2nd) Sx 30
Coupled Pt Source (2nd) | % Overtap 0 Rt B R
Freq | Element " 130 Setiac Sl
63Hz | 260 ~—30 deg(2nd) 5x 15
125Hz | 190 300 —30 deg(2nd) 5x 0
250Mz §_130 270 5%30° = 150° 0% Overlap |
500Hz | 100 - : v
1 kHz 50 g 240 5x225° = 112.6° i [25% Overlap |
2 kHz 32 g 210 : 8x15° = 75° =~
4 KHZ a5 s 5x15 75 7 50?6 Overlap
8 kHz 28 £ 180 : : 1 100% Overlap
[ 16kHz | 32 2 150
Coupled Pt Sourc o150
Freq | Element 2
63Mz | 280 %0
125Hz | 190
250Mz | 135 L
500Hz | 100 30
1 kHz 50 o
2 kH kY
o —— R 63Hz 125Hz 250Hz S00Hz 1kHz 2kHz 4kHz S8kHz 16KHz
8 KMz 38 Fe 21% Frequency (Hz)
16 kHz 32 6% 6%

Hinh 9.32 So d6 lubng 4m cho ngudn diém ghép bac hai, nam phan tir, horn-loaded, c6 goc md va mirc do

ddng nhét khac nhau

9.4.2.3 Hiéu (rng g6c mé' theo tan sé (DSi xirng) --

Splay Angle Effects Over Frequency (Symmetric)

Hién dién cua goc, tham chi 1a gbc nho, sé mé ra co hdi giam phuong sai &am phé. Ngay ca ¢ lap
g6c nho ciing sé bat dau dao nguoc sy thu hep mo hinh khéng ngirng. Hinh 9.34 cho thdy murdi sau phan
tlr loa bac ba & mirc d6 dong nhat véi ba goc mé gap doi lién ti€ép. Hanh vi ludng &m tap trung quen thudc
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xuét hién dan dan huéng vé yéu t6 vurat trdi mai: lan truyén huwéng tdm. Hai hanh vi nay 1a tha ITnh cla
giai tan th&p va cao tuong (rng, va né sé gép nhau & vai diém & gitra. Chang ta bat dau bang viéc tang
go6c cho mbi phan tir nho hon 0.5°. DO rong goc két hap la 8 ° (16 x 0,5 °). Dap (rng LF (125Hz va 500Hz)
hau nhu khéng thay dsi so v&i ngudn line ghép tai 30° va 9° twrong (rng (xem hinh 9.26B dé tham khao).
Khéng gi dang ngac nhién vi sy két hgp lan truyén 8° sé khong cho ra nhiéu Iyc can cho nhirng tac déng
chdng chéo cua mudi sau phan tir c6 mé hinh riéng 300°. Dap rng HF (2kHz va 8kHz) cho thay coé thay
déi dang k&, mé réng méi [an tor 2° va 1° 1én 8°. Lam cham d6 héi tu kim tu thap lai bang viéc dua vao goc
mé&, cho phép mé réng lubng 4m t&i bé réng goc, thay vi chiéu rong cla line. Luru y, hinh dang goc gilr
theo khoang céach, tuong phan véi mé hinh thay déi ctia ngudn line theo khoang cach. Khéng phai ngau
nhién ma sy lan truy@n cua goc mé 8° va goc bao quat phit hop nhau. Thiét bi lam phéng ludng am cla
ching ta da bat dau hoat déng. Day sé la dap (rng dién hinh khi céng am cuia vung cé 1ap vuot troi.

Combined beamwidth shapes: Coupled point source array (third-order)

Array configuration 380 e —
330 | ~15 deg(3rd) 2x 8
-—15 (3rd) 4x 8
300 | Coupling Zone deg s
moves down in =15 dep(3rd) 8Bx 8

270 | frequency as

g 240 | quantity rises
‘é 210 Isolation Zone
] | Overt expands down in
E 180 | Eos -‘ frequency as
§ E quantity rses
Percentage overlap between elements £ 150 |
Coupled Pt Source [3rd) | Percentage Overiap ] g 120 | [ Low Overlap |
Preq |Eement|Splay| AB AL  AD AL | AF | AG | AN 90 | - .

 on | w0
| 125wz | 380
| 250mz | 380
| soomz | 240
L 188
| 200 | 100
L 50
| s 7

16 a4z L)

60 |

30 | — -

0l FHgh Overiép’| ; :

63Hz 125Hz 250Hz S500Hz 1kHz 2kHz 4kHz 8kHz 16kHz
Frequency (Hz)

onon o0 on onlion o cmlon

Hinh 9.33 So d6 ludng &m cho ngudn diém ghép ddi xirng bac ba. Goc mé chdng chéo 50%, mirc do dong
nhat.
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16 coupled third-order, Splay angle effects: Coupled point source array Coverage angle:
1 octave, 32x 128 m

16 x third-order @ 0.5° 16 x third-order @ 1.0° B Defined

- . Co -~
16 coupled thirsorder, | SPIAY angle effects: Coupled point source array g""l "“‘:’m
1octave, 32 x 128 m
16 x third-order @ 2.0° 16 x third-order @ 4.0° S Defined

Hinh 9.34 A, B Hiéu tirng gbc mé& so vai tan s6 cho ngudn diém ghép

Chir ky vung c6 lap vuot troi trong giai HF khi goc moé gép doi téi 1°. Xac dinh lan truyén 16° r6
rang la goc cé canh rd nét. Bap (rng 500Hz cho thay ddu hiéu day va kéo nhu n6 mé réng mot chit (tor 9°
dén 12°).

Tao ra hinh dang bao quéat bang cach cé lap huéng tam khac véi tao ra hinh khéi bdng ghép ludng
am, ngay ca khi mé ta ca hai bang cung goc bao quat. Su khac biét thuorng bj bo qua vi xac dinh goc bao
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quat bang cach so sanh trén truc t&i diém -6dB. Hinh dang bi ¢d lap vay gitr gia tri 0dB trén dudng cung va
cu6i cung giam manh xuéng -6dB va nhiéu hon nira. Phién ban ludng 4m ghép bat dau suy giam ngay khi
diém trén truc doi di.

Bay 1a hinh chir nhat tuvong ty nhur dap (rng loa don. Chi so sanh nhirng diém 0dB va -6dB khi so
sanh hinh dang mé hinh.

Hay tang gép doi goc lan nira. Bay gidr ching ta c6 goc mé xéo 2° tao ra lan truyén 32° day du
(hinh 9.34B). Bap (rng 500Hz hién dang tim thdy chinh n6 & nga tu, trong khi giai trén cao cho thay su lan
rong phat trién cao. Chung ta da dat dén c6t méc quan trong: Mé hinh bao quat trong khoang thoi gian 8
octave nay gan nhu hoan hao. Tét ca bon dap (rng cho thdy diém -6dB cach khoang 32°. Tang gép doi
cudi cung (4°) chi dé lai 125Hz & ché d6 ludng m tap trung. Ching ta da that sy di qua xa. Pham vi bao
quat tor 500Hz tré 18n da lan réng dén do xéo 64° nhung giai 125 Hz chi méi bt dau dua cai thdng vao
lubng dm cla nd. Lubng dm 48° cuia n6 rdi khdi ving bao quat bén ngoai khéng cé dap (rng LF, trong khi
mid va high van con manh. Nhirng cai khéng thé c6 chiéu dai line du, co thé xem xét c6 thé co didu t6t qua
nhiéu. Tuy nhién, néu ching ta c6 subwoofers bao pht & do, diém nay co thé la hoc thuét.

Chung ta hay danh gia bén array nay bang tiéu chuan phuong sai ti thiéu. TAt ca déu c6 phuong
sai am phé thap hon chang ta da thdy trong array line ghép. Su lan truyén huéng tam bat ngudn tir viéc
song thu hep vo tan da tim ra trudc day khi tat ca phan tir déu c6 chéng chéo 100% & tat ca tan s6. Tim
thdy phuong sai thdp nhat trong array 32° va 64°. Khoan thudng thém la nhirng diéu nay sé cé phuong
sai go'n thap nhat do giam chong chéo. Ching ta da tim thdy cdu hinh array phuong sai t6i thiéu: ngudn
diém déi x{rng.

Ap dung khung co ban nay cho tat ca thir bac loa, khong chi la loa bac ba (Hinh 9.35). O day
chung ta thdy bon cong thirc khac nhau véi dé bao quat 100°, tir mét cdp loa 50° dén tap hop gém 20
phan tir. Trong tat ca trwdng hop, dap rng HF roi vao 100° do c6 1ap hudng tdm. Néi chung, ching ta céd
thé duy tri ludbng 4m phu hop hon khi s6 lwgng tang 1én.

9.4.2.3 Hiéu (rng mirc dd bat déi xirng -- Asymmetric Level Effects

Bay gidr chung ta digu tra nhirng anh hudng ctia mirc bt déi xirng. Tham khao hinh. 9.36. Thi du,
array ba muoi hai don vi. c6 goc mé xéo 1°. Mirc dd giam dan lién tuc d& mbi phan tor nhan duoc mirc lai
hudng nho hon céi ké tiép. Lo tir choi: Tré em, khong thir diéu nay & nha. Bé nghi khong thuc hanh mic
giam manh nhu vay. O day xtr dung né dé minh hoa nhirng khuynh huéng.

Tinh chét cia dang bat déi x(rng tao ra thach thirc déi véi tur duy truyén théng clia chidng ta. Mo
hinh bao quat b4t d&i xirng "trén truc" ndm & dau? Ching ta lam gi vé&i nhirng diém ngoai truc roi xuéng
nhirng géc/khoang cach tir "trung tdm" khac nhau? Chlng ta sé xac dinh trung tam la diém c6 mirc d6 cao
nhat. Tinh ra “ngoai truc” tir do, va sé cé hai goc riéng (canh) va mét géc két hop (lan truyén hudng tam).
Diéu do6 la don gian, nhung chdng ta phai lam gi khi nhiéu giai tan s6 khac nhau c6 trung tdm khac nhau?
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Offsetting speaker order and quantity effects : Coupled point source array
2 x 50° @ 50° 3x33° @ 33° 4x33° @ 26° 5x20° @ 20°

180° 10ct, 2 100° '_95" rmo"
12x20m f

| 125 Hz

Hinh 9.35 Bdn kich ban ngudn diém ghép khac nhau tao ra pham vi bao quat huéng tam 100°, tir lugng nho
phan tir réng t&i nhirng phan tir hep hon. Lua chon 2 x 50° (trai) cho thdy phurong sai cao nhét theo tan s6 vi
vung LF van rong hon HF. Luu y, nhirng phan tir trong hai kich ban & gitra xtr dung driver LF horn-loaded,
gilp bao tén phurong sai &m phé t6i thiéu véi s6 lrgng trong d6i nho. 5 x 20° tré lai 1a front-loaded LF nhung
dat t6i ludng am phéng bing cach ghép chdng nam driver LF.

Hay suy ngdm mét chit vé bai hoc tir phién ban déi xirng. Phu hop diém trung tdm theo tan s6
nhurng canh van khac nhau. Ching ta thdy nhirng dudng vién huéng tdm khéc sau trong giai ¢d 1ap va co
giai lubng am tron I&n trong ving ghép. Giai gitra di chuyén dan dan gitra nhirng hinh dang. Giai HF la
phan dan dau vi nhirng canh déo cta n6 dé phu hop v&i dang bét d6i xirng nhat. Muc tiéu cua ching ta la
mé& rdng cung loai hinh anh xudng theo tan sé.

Panh gia array bat déi xirng

W Trung tdm (trén truc): hudng goc cua diém xa nhéat/nghe 16n nhat.

W Trén/duéi (ngoai truc): diém -6dB doc theo hinh dang dich, & trén va dudi trung tam.

B Téng s6 (TTL): sy két ho'p goc lan truyén tur trén xubng dugi.

W Ty |é phan trdm déi x(rng: ty 1€ goc bao quat & trén va dudi trung tam.

Pham vi bao quat bét bién theo tan s6 khéng con du. Chang ta phai biét low va high 1a dong truc,
va nd phu hgp v&i muc tiéu bat déi xirng cla ching ta ra sao.

Array dau tién cua ching ta c6 goc mo déi xirng (1°) va dé doc 8dB bét ddi xirng trong ba muoi
mét bude 1%4dB ké tiép. Giai HF khéc thanh dudng chéo dudng kinh MV theo ty I& v&i dur tinh cla chang ta
vé murc d6 va khoang cach (xem hinh 9.11). Diém xa nhat (trén truc) trong giai 8kHz 1a & +3°. Pham vi bao
quat chi kéo dai 2° trén diém nay va 31° bén dudi cho téng s6 két hop 1a 33 °. Buérng phuong sai téi thiéu
xa dinh hon day 2,5x (twong duong véi 8dB). R6 rang, diéu nay la bat déi xirng cao, va mang lai két qua
ddi xirng 6%. Ludng &m "trung tam" trong dap rng 2kHz thap hon 2°, nhurng goc trén va dudi van khéng
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thay d6i. Bay la sy khai dau clia khuynh hurdng giam & trung tam va gia tang sy d6i xirng (14%) khi tan s6
giam. Trung tdm da di chuyén xudng -4° & 500Hz. Trung tdm hinh hoc cla array, danh déu bang dudng
ch&m chdm xanh, ndm & -12.5° (thuing trén cling huéng dén +4°). Trung tdm hinh hoc cho biét vj tri cua
trung tdm ludng &m néu array doi x(rng. Biéu nay dong vai tro 1a diém tham khao vé viéc ching ta da di
chuyén array tir khuynh huwéng déi x(rng cua no ra sao. Ba nang trung tam luéng &m 500Hz 1én 8° theo
murc do giam dan nhurng van giam xuéng dudi dap irng HF. Giai LF (125Hz) duy tri goc bao quat gan
giéng nhirng giai khac nhung huéng xudng réat xa (-12°) va c6 déi xirng 93%. T4t ca nhirng cai do co
nghia la gi? Duéi day 1a ban tom tat don gian: Trung tdm & 8kHz ndm & truc 500Hz va 125Hz. Mirc do
uén cong dap (rng HF dan dan nhung hau nhu khong di chuyén dap (rng LF. DAy l1a sy khai dau.

Hay tim hiéu thém b&ng cach nhan déi mirc do giam dan dén 16dB (Hinh 9.36, bén phai). Ban
kh&c HF udn cong xa hon v&i mirc do bat déi xirng ngay cang tang. Pudng phuong sai t6i thiu roi xuéng
dé déc 15°. Digu nay sé& phu hop phan nhin khdp ghé khan gia (mat phang doc). Boc 16 kiém soat lai
huédng cho phép ching ta hinh thanh dang phu hgp v&i dap trng trén bé mét nghiéng véi goc nghiéng
khac nhau. Lai huéng co hiéu qua cao khi cé lap goc (HF) va it khi ghép (LF). Giam dai xirng & tat ca giai
tan s6, nhung digu nay 1am giam sy chénh Iéch gitra m6 hinh LF va HF khéng bao nhiéu. Ludng &m vung
bao quat HF dai nh&t van ndm ngoai truc dén bao quat LF.

C6 rat nhiéu bao cao giai LF it "kiém soat" do mirc d6 thon tha. Biéu nay phu thugc vao dinh nghia
cla ban vé "kiém soat-controll". V&i mirc do phu hop, ludng 4m sé ddi xirng nhat nhurng khéng nhét thiét
phai hep nhét, 1a d&c tinh thud'ng dong nghia véi "kiém soat". Ching ta khéng danh gia goc bao quat theo
thuat nglr d6i xirng khi chi cé hinh dang bat déi xirng dé phi day. Mdrc d6 giam dan co thé 1am tang "kiém
soat" néu ching ta coi dé la thuérc do mirc d6 bao quat phu hop v&i hinh dang. Néu loai bd mirc dé giam
dan cho array nay, sy gia tang "kiém soat" di kém vai chi phi luc ddy trung tdm ludng &m LF xuéng thdp
hon, dén t&i trung tdm hinh hoc (-12.5°). Mirc do giam dan cla "kiém soat" di keém véi khoan thudng cua
viéc lai lubng &m theo hud'ng hinh dang dap (rng tan sé phuong sai t6i thiéu. Sy giam dan mirc LF quy mo
I6n 1a 1dng phi ngudn néng lugng va do dé khéng thyre hién réng rai. Sau nay, ching ta sé thay viéc lai
phase bét doi x(rng sé hiéu qua hon. Bay gi¢ ching ta chi can du dé chirng minh HF va LF yéu cau co
ché lai hudng khac.

Vao Iic nay, can can nhac dén vdn dé wu tién. Gia str, chung ta khong thé luén dat dén phuong
sai &m phé t6i thiéu trong toan bd giai tan. Giai nao sé tap trung va cho di t6t nh&t? Ching ta biét kiém soéat
giai HF sé& don gian nhat, trong khi giai LF thurgng bi chong chéo va do do ¢ nhiéu thach thirc hon. Ching
ta cling biét, nhirng nd lurc kiém soat giai LF theo cach tap trung ludng &m cé thé bj phan tac dung béng
céach lai giai tan cao vuot qua. Cau tra I&i uru tién clia ching ta ndm trong phong. Cong &m cla loa/phong
sé 1a yéu t6 chi phdi giai LF tréi hon HF (trir khi chlng ta cé phong qua té). Chlng ta phai hy vong giai low
s& bi anh hudng manh. N6 van c6 thé nhan duoc nang lugng LF hiru dung tir cdng dm cua loa/phong,
ngay ca khi hinh dang & dé khéng phu hgp. Pong gop cua phong bén ngoai band LF sé qua tré dé cung
cdp thém nhiéu tién lgi, ma khéng can phai chai tén kém. Do do6, ching ta phai uu tién viéc giam tan s6
xuéng. Uu tién hang dau 1a dé phu hop vai high-mid cho dén high. Sau do, thém lo-mid va sé khui
champagne néu chiing ta lam cho no tat ca con dudng di xudng.

Viéc xem xét array nay cudi cling la phuong sai gon. Khu vure crossover khong gian cé thé biéu
hién gon dang k&, nhu da biét khi nghién ciru sau vé céng dm. Trong trudng hop nay, c6 ba muoi mét
crossover chdng chéo khdng gian bat déi xirng, méi trong s6 do déu co vai bién déng. Mt khac, c6 hai yéu
t6 1am ha d6é gon dang ké:

1. Géc m& va mirc do vudt giam dan lam giam lwgng nhiéu phan tir chong chéo, tim thay trong
array nguon line ghép déi xirng. D6 c6 1ap tang theo sy dich chuyén gilra nhirng phan tir khong lién ké.
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2. C6 thé gilr bu thoi gian (time offset) thép (diéu kién 1a thung nhé va c&u hinh chat) do c¢6 dich
chuyén nho nhét gitra nhirng nguén chong chéo.

Chung ta c6 thé két luan, ngudn diém ghép bat déi xirng vuét giam dan c6 tiém nang vé hiéu suét
phuong sai t6i thiu trong ca ba loai: mirc do, &m phé va gon song. (Chi can khdng thir vuét giam nd dén
16dB).

9.4.2.4 Hiéu rng tang mrc do -- Level Increment Effects

Hiéu rng c6 bao nhiéu sé lrgng vust giam mirc d6 co két qua? Néu ching ta nhan vuét giam muirc
dé 16dB, sé co van dé cho du thurc hién b:‘ing ba muoi hai hay hai bué'c? Ching ta cé thé doan ngay sé
c6 vai hiéu irng, nhung ¢ bao nhiéu va & tan s6 nao? Cau tra I la gia tAng, giéng nhu cau hoi. Chung ta
chia dap (rng nhé min hon sé ¢ phan hay trén canh ban khac. Thi du trong hinh 9.37 cho thédy dap rng
vGi ba muoi hai (trai) va bon s gia tang (phai) twong (rng. Han ché su khac biét gan nhur hoan toan khi co
lap giai HF. Biéu nay khéng dang ngac nhién vi sy ¢6 lap va kiém soat dap (rng riéng di cling nhau. Kich
ban bén budc sé dé lai ddu van tay trong dap (rng 8kHz. Khai niém then chét & day la sy thay d6i mirc do
gia tAng, la nguyén nhan tryc tiép cua phuwong sai &am phé. Hinh dang HF trg nén khéng hop véi nhirng
giai tan s6 thdp ma da lam min nhirng canh ctia n6 béi ty 1& chdng chéo cao hon.

Goc vudng trong hinh HF sé& ting theo dd ¢6 1ap. Chang ta c6 thé mong nhirng diém cat sé rd va
rong hon trong giai néu nang gbc mé va tang co lap 1én. Array bac mét doi hdi ty 1& phan tir tang thap nhét
trong khi hé théng bac ba c6 kha nang nhém nhiéu phan tur trén mot channel xdr ly. Co sy can béng that t&
gitra tdng murc dd va phuong sai &m phé tiéu chudn. Chia nho min can phai xar ly tin hiéu va khuéch dai,
nhiéu buée t6i wru hon va tang co hdi di day sai. Phurong phap thé gigi han kha nang tinh chinh hinh dang
cua chang ta.

32 coupled third-order, = MinVar Line
:., splay, Level taper effects: Asymmetric coupled point source sl o
octave, —p  AcOUStiC
32x 128 m 8 dB Level taper in 32 steps (0.25 dB) 16 dB Level taper in 32 steps (0.5 dB)

2.5:1 (8 dB)

Hinh 9.36 Hiéu irng mirc do bat déi xirng so va&i tan s6 cho ngudn diém ghép
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®2 m:m‘""'wm' Level increment effects: Asymmetric coupled point source | M‘"V::e ';'d’:’
1° splay, >
1 o?;t:vz 16 dB level taper in 32 steps 16 dB level taper in 4 steps Acoustic

Hinh 9.37 Tac dong cua con s6 mirc do tdng dan so véi tan s6 cho ngudn diém ghép bét déi xirng

9.4.2.5 Hiéu rng thir bac cua loa -- Speaker Order Effects

Chung ta c6 thé pha day hinh dang hudng tam déi xirng 60° bang loa 60° hay array gém sau
muoi loa goc md xéo 1°. Bay l1a cuc doan, nhurng n6 doan mach thao luén vé thir bac loa cho ngudn diém
két hop. Tinh toan thay déi dang ké khi ching ta thém tinh bat déi xirng vao phuong trinh. Bat ky thir bac
loa nao ciing co thé pha day hinh dang nay vai ty 1€ pham vi nhd, nhung chi nhirng loa bac cao méi cé thé
xur ly ty 1& cuc doan. Tém lai, loa hep cé thé 1am ra ban sao phan doan cua loa réng nhung nhirng phan tir
bac thap khong thé dap lai. Tuy nhién, c6 du kha nang dinh hinh trong loa bac thap dé n6 dua ra Iyra chon
thiét thurc cho ngudn diém ghép bat doi xirng.

Hay kham phéa diéu nay bang cach coi array bac hai va ba c¢6 nhirng tham s8 gan nhu phu hop:
chiéu dai, gbc m& xéo va mirc do vuét giam dan (Hinh 9.38). Hinh dang muc tiéu c6 ty 1& pham vi 3:1
(10dB) nén chang ta khéng dé& lam béng hé théng bac hai. DT nhién, géc bao quéat clia phan tir va sé luong
khac nhau, vGi array bac ba cé lwgng phan tir hep I6n hon. Bap irng cho thdy nhiéu diém tuong dong va
vai khac biét quan trong. Nhirng diém twong déng cho thdy céu hinh array ciing quan trong nhu ban chét
clia tirng phan tr. C4u hinh array pht hgp bao gém nhiéu phan tir khac nhau cé dé twong déng Ién hon
nhirng phan tir pht hgp c6 cdu hinh khac nhau.

BGn cap giai tan s6 ¢d cung hinh dang co ban. Sy khac nhau gitra trung tam, dinh va day khéng
c6 y nghia théng ké & tat ca giai ngoai trir 500Hz, trong dé hé théng bac hai cho thay thuy giam manh. Hé
théng bac hai c6 nhiéu ro ri HF hon array bén trén (do phan tir rong hon) va nhiéu phuong sai gon trong
vling bao quat (géc rong hon, dich chuyén cao hon).
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Chuing ta co thé két luan gi tir diéu nay? Co thé dat phuong sai &m phd t6i thiéu v&i cdu hinh nay,
bat ké thir bac cua loa, v&i diéu kién ap dung sé luong bu. Phurong phap ti€p can bac ba cé tiém nang
tang strc manh va hinh dang bat déi xirng tur viéc tang sé lwgng nhirng phan tir chéng chéo nhau.

Mamtg?:pm?m. Speaker order effects: Asymmetric coupled point source | = NC';‘;:;L‘::

0-8 dB level taper, B
1 octave, 26 x 95 m | 16 x third-order @ tapered angles & level 5 x second-order @ tapered angles & level | ™™ Acoustio

-36° RS

Hinh 9.38 Hiéu (rng thir bac cla loa so va&i tan s6 cho ngudn diém ghép bat ddi xirng

9.4.2.6 G6c mé, mirc dd va delay all-pass, bat d6i xirng két ho'p -- Combined
Asymmetric Splay, Level and All-Pass Delay

Hiéu &rng -- Effects

Co6 ba co ché lai huéng bét d6i xirng chinh cho duérng chéo phuong sai t6i thiéu: mirc do, goc va
do delay. Co thé két hop ba co ché lai dé tao ra hiéu (rng hinh dang vurgt tirng lurc riéng clia no. Tac dong
clia goc vudt giam dan va bét ddi xirng thé hién riéng ré va két hop trong hinh 9.39A. Trung tam, dinh va
dudrng phuong sai t6i thiéu két hop chat ché bén trén 125Hz. (day khéng phu hop vi c6 gbc mé khac.) Sy
két hop clia nhirng d6c phu hep nay c6 hiéu (rng tang gép doi (bang bén trai hinh 9.39B). Su két ho'p clia
dé vat mirc 6dB va ty & goc béat ddi xirng 6:1 tao ra hinh dang tuong tu nhu goc vuét 16dB trong hinh 9.36,
nhung v&i sy pht hg'p hinh dang LF I&6n hon. Su két hgp nay c6 phuong sai &m phé thdp nhdt ma chang
ta van thdy, v&i dap irng LF nghiéng xuéng chi vai do.

Sur két hop cudi cling trong loat bai nay bao gom tré (delay) bat di xirng. Day khdéng phai la delay
theo nghia truyén thGng, ma la delay chon loc tan s6 sé diéu khién giai LF trér 18n ma khong anh huéng
dén giai HF. Thung phia trén nhan delay nhiéu nhéat, 1at dé tp trung clia n6 huéng lén. Delay nay ty |&
nghich v&i tan sd. Giai tan s6 125Hz ctia phan tir phia trén cé dé delay I&n nhat (3.2ms) trong khi khu vy
500Hz cuia né chi c6 % lugng nay (0.8ms). Delay giam twong (rng khi chiing ta di chuyén xudng du&i
chodng loa. Mét [an nira array nay co6 phuong sai &m phd thdp nhét, thay déi chi c6 mét do theo huéng
trung tam cua né.

9.4.2.7 Hiéu trng v6 hwé’ng -- Scalar Effects
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Sé& xuét hién hinh dang viing bao quat giéng nhau néu chung ta co array lai thanh mét nira nhung
duy tri cing goc téng thé va quan hé mirc dé tir trén xudng du¢i? Cau tra 16 la: co, du trinh dé chuyén
mon. Su mé rong goc bao quat trong giai LF 1a chac chan (giam chiéu dai line), nhung hanh vi cua giai HF
dang dé xem xét cho mét vai lan tang gdp doi vd huéng (Hinh 9.40). Ching ta c6 thé ddi ty 1& bang cach
nhan d6i va giam mét nira thong sé. Khi giam sé luwong di mét nira, goc mo sé tang gép doi. Khong gian
mo phong ciing giam di mot nira dé bao ton tat ca quan hé vé chiéu. Chdng ta tao ra cung hinh dang bét
d6i x(rng bang mot ntra array trong mét nira khéng gian.

Hinh dang bao quat trong méi cai cé chirc nang twong duong trén 2kHz. C6 thé mé réng hanh vi
dinh hinh clia phan tir array bj c6 lap. T4t ca déu cho thay hanh vi lan truyén trén géc 32° va mirc do vuot
giam 8dB déu twong tu. Bigu nay c6 gigi han. Ching ta sé lam hé Iéch HF néu dat nhirng phan tir xéo
qua gidi han cua n6. Diéu nay hién nhién trong dap rng 8kHz & quy mé nho, khong thé tang gép déi dugc
nira. C6 thé thuc hién chia ty 1& v&i clng lrgng thung nho hon. Ty 1& pham vi cling anh hudng dén kha
nang mé rong. Hinh dang bét déi xirng cao doi hai s6 lugng. Ching ta c6 thé bao vé hinh dang t6t hon véi
cuing lrgng thiing nho hon, goc mé turong tu hon la nira thung Ién va gbc ma gép doi.

S6 lurgng vo huwéng chd yéu la nang lwc va van dé lai hudng tan s thdp vi ching ta co6 du s6
lrong dé bao phu ty 1& pham vi.

9.4.3 Ngudn lai line/diém -- Hybrid line/point source

C6 thé c4u hinh nhiéu don vi array thanh ngudn lai line/diém. Day la thoi quen phd bién trong nhiéu
(rng dung array line bac ba. Hau hét thiét k& hé théng hién dai khong dat tat ca phan tir array vao mot
dudng thang doc. it ra, ngudi thiét ké cam thay bi budc phai nghiéng vai thung loa & duéi cudi array vé
phia hang ghé dau.

Array lai 1a von da bat déi xirng. Phan trén Ia ngudn line déi x(rng, trong khi thap hon 1a ngudn
diém ghép. Tham s6 chinh la diém chuyén tiép gilra array, vén co crossover khong gian béat déi xirng. S6
lrong turong doi va ty 1& bat doi xirng cua hai loai array nay anh hudng dén hanh vi crossover.
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32 coupled third-order, | Angle and level effects: Asymmetric coupled point source
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26x95m Angle @ 1° and 6dB level taper Angle taper 0.5-3° and 0dB level taper | == Acoustic
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32 coupled third-order, . MinVar Line
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Hinh 9.39A, B Hiéu (rng tach biét, két hop gdc va bét déi xirng so v&i tan s6 cho ngudn diém ghép
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32° total splay, Scalar effects: Asymmetric coupled point source MinVar Line
0-16dB level taper, LLLEL 2 Geomeltnc
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Hinh 9.40 Hiéu trng v6 hué'ng so véi tan s6 cho ngudn diém ghép bét déi xirng

Nhiéu kich ban gép doi cé 1ap hiéu (rng. Ching ta sé stra ddi viéc phan bd ngudn line/diém cua
mu&i sau phan tur trong khi van duy tri goc nhat quan. Phan ngudn line chi trinh bay & dang d6i xirng, vi
trurée day chang ta da cho thdy sy v ich ctia mirc do vudt giam né (xem hinh 9.28). N6i ngén gon, chi
hién thj phan nguon diém & dang déi xirng.

Sy s&p x8p phan bé ngudn lurc line/diém thay déi tor 2/14, 4/12 dén 8/8 cho array mudi sau phan
tlr (Hinh 9.41). No6i dén nhiéu nhét la kich ban 8/8. Giai HF cho th&y rd hai loai array chia thanh nhigu thé
gi&i riéng biét. Nhirng phan tir nguon line cho thay sur thu hep lubng &m tép trung, trong khi do'n vi nguén
diém thyrc hién viéc truyén luéng &m hudng tam. Thay déi mirc dé nghiém trong dén mirc c6 thé tim thay
bén canh vung bao quat khac nhau (trén cung va dudi cung ctia mbi array va khoang ho & giira). Hinh
dang két ho'p trong giéng nhu mét kh&u sing chia vao phia sau héi trurdrng (va cé 1& am thanh ciling giéng
vay). Day la hinh dang cho mat phéng khan gia khéng mong muén nhat.

Dirng trén hai loai array lai vi lubng &m tap trung ctia nguon line chuyén nang lwgng ra khoi diém
phat tan. Ghép néi lam tang murc do trén truc, thu hep lubng &m du dé dua n6 vurgt tam clia bo phan lan
truyén. Nang lugng tir nhirng phan tir bi c6 18p hugng tdm khong thé két hgp vai d6 d6c cla kim tu thap
song song. Han gén viéc phan ly khi tan s8 roi xuéng va chdng chéo trdi Ién & ca hai loai array.

V& lau dai, nhirng nd lyc lai tao dé trén hai dang khong thé két hén v&i nhau: kim ty thap bién
thién va duorng cung ¢6 dinh (hinh 9.42). Nh¢ lai, ngudn line ghép van gitr dwgc ludbng am ty 18 thuan voi
nhirng phan tir clia né, trong khi d6 ngudn diém ghép lai lam phang no. Cé thé lam géc mé néi loa t6t nhat,
thay d6i hinh dang cua n6 theo tan s6 dén mét cai nao do khéng? To6i khéng co y kién.

Co6 thém phirc tap. Nguon line ghép phai trai qua giai doan bién thai cta né trude khi tré thanh loa
c6 ludng &m can xirng don gian. Ngudn line ghép cho biét thém phan mé rong bén canh ngudn diém ghép
hoan chinh, tao thanh dang "J" két hop. P4 la hédn nhan ngén han, cach nhau xa hon khi ngudn line phat
trién ti€p tuc, thanh sy két hogp hoan chinh. Hinh dang nguén line khéng 6n dinh theo khoang cach, trong
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khi ngudn diém lai kha én dinh. Hinh dang 6n dinh khi dat dinh kim tu thap & t&t ca tan sé, nhung hinh
dang hoan chinh cta nguén line khéng c6 kha nang két néi véi hang xém bén dudi.

32° total splay, Splay angle effects: Hybrid coupled line/point source MinVar Line
0dB Ieve?p‘laapyer. Py o y P P LLLLLL o Geome.tric
1 octave, 26 x 95 m 2@0° + 14@tapered angles 4@0° +12@tapered angles |~ Acoustic

[ 30° 17 [88% Sym +4°

26° TTL| 86% Sym

[ 36° TTL |57% Sym

-33°

+1°
5 | 2° |
+,

Hinh 9.41A Hiéu (rng goc m¢& bét ddi xirng so véi tan s6 cho ngudn line/diém ghép

Viéc phan b8 4/12 1am giam sy b6 sung trén truc va lam giam ngudn line thu hep. Dap (rng HF thé
hién dé hoi day trong khu vure sat nhap, gitra vung tap trung va khu vure lan truyén, nhung khuynh huéng
chinh van con. Sing c6 nap dan van nhdm vao khan gia. Nong sing van ton tai cho phan bé 2/14.

Kich ban khéac la vuét goc theo "log", do hang san xuét loa khuyén céo. DAy that sy la dang ngudn
diém bat déi xrng, vi khdng cd goc 0°. Goc ban dau qua nhé (0.2°), gidng nhu array lai hon nguén diém
bé&t d6i xirng da bao gém trudc day. Nong sung van con trong tam nhin dap rng HF.

9.5 Phwo'ng sai am phé cua array khéng ghép --
Spectral Variance of Uncoupled Arrays

Nghién ctru cua ching ta vé array ghép cho thdy nhirng thach thirc dé tao ra dudrng vién mirc do
nhét quan theo tan s6. DAy chi la "di dao trong cong vién" so v&i méi nguy cla array khdng ghép. Bay gior
phuong sai gon trd thanh lyc dinh vi do dé dich chuyén nhirng phan tir khéng ghép kha 16:n. Nhirng thudc
tinh khéng gian phu thudc tan sé ctia cdng Am dong vai trd chinh trong cach chidng ta ti€p can phuong sai
am pho t6i thiéu trong array khéng ghép. Khi tim ra dé dich chuyén va chéng chéo dang ké cung luc, hy
vong phuong sai am phd t6i thi€u sé di kém v&i nd. Ching ta khéng thé chay qua tét ca phép 1ap co thé,
thay vao dé, tap trung vao hudng, noi thanh céng c6 gigi han sé kha thi.

Array khong ghép co thé tao ra mét hinh dang phi hop hop Iy theo ba huéng: bén, hudng tdm va
vé phia truéc. Ung dung thi du sé& béc 16 khuynh huéng theo nhirng huéng nay.
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372::283::: :;::g((;)) Splay angle effects: Hybrid coupled line/point source MinVar Line
0 dB level taper,
1 octave, 26 x 95 m 8@0° +8@tapered angles Log tapered angles (12 units)
28° TTL [87% Sym[ oo +6° 32° TTL] 78% Sym | +8°

Line source

— e —

Hinh 9.42 Hinh dang bao quat cho thanh phan cua nguon lai line/diém ghép
9.5.1 Ngudn line khéng ghép -- Uncoupled line source
9.5.1.1 Ngudn line khéng ghép déi xirng -- Symmetric Uncoupled Line Source

Chung ta bat dau bang ngudn line khdng ghép déi xirng (Hinh 9.43). Khu vyre ¢ d6 phuong sai téi
thiéu chay tir 50% dén 100% dang FAR nhu da thao ludn & phan truéc (phan 8.6.2). Chiéu sau bao quat
bi gi&i han b&i phurong sai gon vi khéng c6 goc ¢o 1ap. Do dé thanh céng béng tinh nhét quan cua diém
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b&t dau va diém dirng (vung ddng nhat va gii han). Do do6, dang k&t hgp phu hgp ddi hdi hinh dang phan
tor nhat quan, wru i loa bac mot. Khi ting thir bac loa 1én, nhirng khu vyre bét dau va dirng chi cé giai tan
high di chuyén vé phia truéc, bé lai giai mid va low phia sau. Khi mé rong khoang cach, diém bét dau va
diém dirng sé ty 1& twong (rng. Tan sd khéng c¢o ty 1&, do dé phuong sai gon sé khac véi dé dich chuyén.
Tac dong cla nhirng bién thé nay da thé hién trudc day trong nhiéu hinh & chuwong 4 nén & day bo qua.

9.5.1.2 Ngudn line khéng ghép bat déi xirng --
Asymmetric Uncoupled Line Source

Chung ta chuyén tiép béng thi du vé sy thay déi hinh dang v&i ngudn line khéng ghép (hinh 9.44
va 9.45). C6 vO s6 cach tron ba bién thé sau: mirc dé twong doi, khoang cach va thir bac cua loa. Cho
ngdn gon, ching ta sé& tai ché& hai kich ban minh hoa phuong sai mirc dé trong hinh 9.19, bay gi¢r thém
nhirng théng tin vé phwong sai &am phé cho nhirng cdu hinh khoang cach ddong nhat bu trr.

Kich ban dau tién sdp x&p nhirng diém xuét phat, tao ra dwdng chéo ddng nhat, trong khi céai thir
hai s&p x8p no6 xen ké dé tao ra dudng thang (& mét vi tri). Dap (rng HF chira nhiéu hinh dang rd rang
nhung hén don bén dudi nd. Sy ¢6 1ap theo mirc do 1a du trong giai HF vi sy kiém soat hudng & do. Viec
thi€u sy ¢ lap & tan low sé khién cho loa yéu &t khi nhan dugrc an hué tir nhirng nguén vugt troi dén tré.
(0] day chang ta c6 ba lyra chon chinh: bt dau viéc luu giltr LF cho nhirng phan t&r vurot tréi (thi du nhu 13n
curc low xudng nhirng don vi nho), xtr dung nhirng phan tir c6 kiém soat dinh huéng trong LF (kho lam
viéc nay véi loa nho) hay séng véi that té 1a giai LF nam trong viing chai. Sy hoi tu do dich chuyén cao,
choéng chéo cao, bat d6i xirng va dinh hudng thép tao ra cu d6 khéng thé giai quyét. Dieu nay khong co
nghia la chiing ta khéng bao gi&' nén x&r dung ngudn line bat déi xirng khéng ghép, don gian la gilr cho ky
vong clia ching ta biét that té vé nhirng cai ching ta co6 thé lam vai no.

Kich ban xen ké ciing phai d6i mat vé&i nhirng thach thire va chi phi nhu vay. Mé hinh ¢6 lap va
chai co cling vj tri trong &m phé nhurng & vi tri trong phong khac nhau.

O day, dinh huwéng khac di giéng nhu giai phap t6t, vi si chdng chéo lén nhau tao ra van dé. bigu
nay la dang nhung khéng phai theo cach du kién. Néu thay do6i sang loa bac hai hay ba, chiing ta co thé sé
lam cho vén dé t6i té hon, vi vdn dé nay la kiém soat LF chir khong phai HF. Phan tir ly tudng cho array
nay c6 ludng am phang cho toan bo giai ctia né. Pidu nay sé cho ching ta mirc do c6 1ap nhu nhau trén
toan bo am phé va tao ra hinh dang két hgp dong nhét t6i da. it nhat, phan tir bac cao ciing ¢ kha nang
c6 chiéu rong ludng &m phang mé rong. Co thé, nhurng sé co vai loai kich ¢& (thi du: array horn, parabol
hay c6t-collum).

Tat ca tot roi va sé tét hon néu két ludn, viéc xir dung nhirng array nhu vay nén bo roi viéc phai co
array ghép that manh va phuong sai nho. Nhurng chiing ta khéng thé. nguon line va diém khong ghép bt
d6i x(rng vao cudc khi ching ta nhin thdy blrc tranh toan canh. Lui budc, nhin vao hinh nay va thay thé
tirng phan tur riéng bang array ghép. O phia trén cting 1a hé chinh high, ndm trén cling birc tudng phia
ngoai trudrc san khau. Tiép theo 1a hé chinh low cach buc ba mét. Sau dd, ching ta c6 hé frontfill. Sy két
hop cua nhirng array ghép nay sé hoat dong nhu array khéng ghép bét déi xirng. Dét ra birc tranh toan
canh bang nhiéu céai nho.

9.5.2 Ngudn diém khéng ghép -- Uncoupled point source

Array ngudn diém khong ghép c6 dudrng biéu dién phuong sai mirc do tdi thi€u sé xac dinh diém
bét dau va dirng bang sy dich chuyén va goc chdng Ién nhau. Dap (rng cua hé thdng bac hai, thé hién
trong hinh 9.46. Khu vurc kin cho thdy c6 phu ho'p cao theo tan s6, mac du khéng mién dich véi phurong
sai go'n khi tan s6 roi. Cé thé thurc hién phién ban bat d6i xirng duéi nhiéu hinh thirc khac nhau: mirc do,
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goc va thir bac cua loa. Khuynh hudng clia nhirng hanh déng nay phan I&n phu hop véi nhirng khuynh
hudng da thao luan.

Lateral spacing & level effects: Symmetric uncoupled line source array
6 x first-order @ 2.5m spacing & matched level

Hinh 9.43 Hinh dang bao quat so v&i tan s6 cho nguén line khong ghép

Compensated unity spacing: Asymmetric uncoupled line source array
Effects of offsetting level and spacing, 4 x first-order @ 1/2 spacing & 1/2 level

1/6" oct, 21x42 m

Hinh 9.44 Hiéu (ng khoang cach dong nhat da bu so véi tan s6 cho ngudn line khéng ghép bat déi xirng
(ban dau khéng phu hop)
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Compensated unity spacing: Asymmetric uncoupled line source array
Effects of offsetting level and forward spacing, 4 x first-order @ 1/2 spacing & 1/2 level with delay

_,,‘- lh‘B"‘ oct, 21x42m

_,’;ﬂ,‘-‘.
2

Hinh 9.45 Hiéu (rng khoang cach dong nhét bu trir so véi tan s8 cho ngudn line khong ghép bat déi xirng
(ban dau khéng phu hep)

9.5.3 Diém dén diém khéng ghép

Su két hgp cla hai ngudn di chuyén vé phia trurdc va hoat dong & nhiéu mirc do khac nhau,
tuong tac véi gioi han chiéu sau (thi du: hé thdng chinh va delay). Yéu t6 quyét dinh 1a khoang cach va
mdrc d6. Hai nguon sé ¢ mirc do tuong irng & vai khoang cach chuyén tiép, diém crossover khong gian.
Ca hai ngudn sé& bi mat mirc do khi né tién lén tiép tuc, nhurng & nhiéu gia tri khac nhau. Tén thét 1a bat ddi
x(rng vi n6 dua trén khoang cach gép déi riéng tr ngudn. Loa hé chinh xa hon dan dan tré nén néi troi
mUrc dd sau diém crossover. Kich c& khu chuyén ti€p phu thudc vao ty 1&é pham vi dén diém gap crossover.
Kich c& cuia khu vure bj anh hudang ty 16 nghich vai ty 1€ mirc do/pham vi, thé hién & hinh 9.19.

Tao ra diém crossover khéng gian cé cung khoang cach trong tat ca truérng hop cda kich ban thi
du (Hinh 9.47). Bu pham vi va ty 1& mirc dd dé tao ra két hop dap (rng tai XOVR. Mirc do két hop tai XOVR,
khong trung hop, so sanh véi chiéu siu diém gitra clia ving bao quét tir ngudn chinh (ONAX A dién hinh).

Hay bat dau véi ty 1& pham vi la 2:1. Ty 1& pham vi tir ngudn duy nhét nay sé tao ra khac biét mirc
do 6dB béi luat binh phuong nghich dao. Suy giam clia loa chuyén tiép bang gép déi cai 6dB nay. Ca hai
déu dén diém gap nhau & mirc do quan binh va két hgp dé khoi phuc lai dén 0dB. Ty |& hao hut trén
khoang cach xa XOVR vai loa chuyén ti€p I&n hon, do d6 né giam dan dan, ra khaéi phuong trinh két hop
khi di chuyén vé phia tru¢re. Nhigu burde 1ap lai trong thi du cua chiing ta di chuyén theo ty I& khoang cach
gép doi va giam murc gia téng 6dB. Két qua la mirc do khong déi tai XOVR nhurng giam moét cach 6n dinh
trong pham vi twong tac, ca trwdec va sau crossover khong gian. Ty 1é cao lam giam tac dong "tréi ni" x&u
tlr loa & xa, nhung ciing lam giam pham vi m& rong vé phia truée.

Mcrc d6 trong khu vure khong gian xdu sé tang Ién 6dB tir duwdng co sé trong tat ca trwdrng hop,
do la am thanh tuong duong véi viéc chuyén khan gia vé phia trung tdm phong. Kich ban 2:1 ¢c6 thé ham
mUrc dd hao hut & phia sau phong nhung phai tra gia vé phurong sai gon gan loa delay. Gon cao nhét
gitra nhirng nguon, dic biét 1a gan phia sau loa delay. Diéu nay la do thdi gian bl gitra nhirng ngudn, thiét
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lap dé s&p x&p phase tai crossover khong gian. Khu vure "tréi ni" phia sau loa delay nay la tinh nang cé
thé nhan biét trong khi thao luan vé tam giac cua chang ta: N6 ndm trén du¢ng théng cé phuong sai gon
t6i da gitra hai ngudn. Nhirng kich ban 4:1 (-12dB) va 8:1 (-18dB) c6 it sy chuyén tiép hon va ty 1& troi néi
nho hon.

Radial and lateral spacing effects: Symmetric uncoupled point source array
5 x second-order @ 2.5m spacing, 33% angular overlap (13.5°) & matched level
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Hinh 9.46 Hinh dang bao quat so vai tan s6 cho ngudn diém khéng ghép

Compensated unity spacing: Asymmetric uncoupled point destination array
Offsetting effects of level and range ratio, second-order speakers, 1/6™ oct, 6 x40 m
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Hinh 9.47 Mirc d6 va ty I&é pham vi &p dung cho array diém dén diém khong ghép bét doi xirng
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Yé&u t6 thir yéu la dinh hwéng goc cla loa. Hinh 9.48 cho thay tac dong clia nhigu huéng goc khac
nhau vi cung ty 1& khoang cach. Mi hu'éng dinh huéng tao ra duwdng thei gian quan binh khac nhau,
ngugc voi dudrng mire do quan binh, tao ra trong bai tap trurérc day. Béng bé hoa delay tai XOVR va danh
dau "déng bo- sync" trén dudrng vién thdi gian quan binh trong ban vé. Budng nay chi thi nhirng vi tri gitr
nguyén thai gian gitra nhirng loa. Nhirng dudrng cong thém cho thdy cac khoang bu thoi gian gia tang tir
1ms Ién 5ms. Gigi han 5ms chi thi pham vi hiéu (rng loc lugc s&é md réng xudng 100Hz, du thap dé lam
suy giam toan bo pham vi hoat déng cua hau hét delay.

P

WL \\‘\.“W " “‘ Y

Hinh 9.48 Hiéu (rng dinh hud'ng gbc, ap dung cho array diém dén diém khong ghép bét déi xirng

Loa delay dan huéng hé chinh & vai ché va tut hau & nhirng chd khac. Khuynh huéng dau tién
dang chu y la goc mé tang sé lam giam khu vyre xtr dung dugre (trong gi¢i han 5ms). Buong khuynh
huéng thir hai theo di quan hé thdi gian va mirc dd bu. Luu y, loa delay ndm phia trwéc loa chinh & khu
virc ngoai XOVR. Nh¢ lai, ty 1& hao hut theo khoang cach gép dodi co lgi cho loa chinh. Chlng ta cé yéu té
bl trong cudc chién vé hinh anh am thanh (phan 5.5.4.2 va 8.4). Hinh anh van khong déi khi chung ta di
chuyén sau hon do nhirng yéu t6 bu. Hé chinh dan huédng dang lic ching ta di chuyén vé phia truéc cua
XOVR va hé delay dan trong mirc do (cho dén khi ching ta di chuyén ra truc). Mét 1an nira, dich chuyén
canh tranh lai tao ra bé tac hinh anh.

So do gitra cho thdy hudng tang 1én theo tan s6 giam trong ving tréi ndi gitra hé chinh va delay.
Khoang turong tac thu hep lai nhu bj t6n thuwong vi sy gia tang gon (huéng so v&i buge song ngén hon),
lai hiéu (rng bu khac.

Chuing ta hay quay vé hinh 9.48 va tap trung véao viéc thay déi ty 1& pham vi, thay d6i quan hé goc
gitra nhirng nguodn. Goc dinh huéng bén trong cua loa delay tang khi né di chuyén sau vao héi truorng hon,
lam tang phuong sai gon (xem hinh 4.52 va 4.53). Dong chay tréi néi khdng dang ké va pham vi ciia céng
am nho t6&i 8kHz khi dat do cé 1ap dén murc t6i da. Nhirng sur bé sung nhd nhu vay dang tién trién theo
huéng muc tiéu clia chdng ta. Chlng ta da cai thién mdrc dé dong nhét phia trurde/sau va giam ty 1& reverb
trure ti€p (dang phuong sai giam gon khac) & phia sau. Nhirng Iyc lugng vuat tréi trong phurong sai gon
O phia sau hdi trrd'ng sé 1a nhirng phan déi trong phong va &m thanh truc tiép, tham chi vai hién thi ggn,
van c6 trién vong gidam gon t6ng thé kha cao. Piéu nay ciing lam giam phuong sai &m phd bang cach phuc
hoi vai mirc hao huyt khong khi clia loa HF chinh.
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9.6 Tom tat vé phwo'ng sai t6i thiéu --
Minimum-Variance Inventory

Bay gi&r chang ta c6 thé duy trir va sdp xép nhiéu phan tir va loai array khac nhau. Diéu nay sé
chuén bi cho ching ta chon nhirng tly chon t6t nhat cho thiét ké cua ching ta.

9.6.1 So’ lwg'c vé dac tinh

U'ng dung cho loa bac mét

W Thich hgp nhét cho nhirng irng dung mét phan tir co ty 1& pham vi nho.
M it phu hop véi su chdng chéo goc ty lé cao.

M it thich hop cho ghép cong suét.

B Khéng dao hudng ludng am khi tang tan s6. D6 bao quat phai khong déi (khdng mé réng & tan
s6 cao hon) khi da dat dén phan doan béng.

W Nén ghép array loa tai hay gan goc mé déng nhét cia doan bang ludng am.
U'ng dung cho loa bac hai

B Phu hop nhét cho nhirng (rng dung mét phan tur cé ty 1& pham vi trung binh.
W Thich hop cho viéc két hop cong suét.

B Khong dao hudng ludéng dm (nhu & trén cho bac mot).

B Nén dan loa tai hay gan géc mé déng nhat ctia doan bang ludng am.

U'ng dung cho loa bac ba (Ludng am can xirng)

M it thich hop cho nhirng (rng dung mét phan tir.

B Phu hop véi su chdng chéo goc ty 1é cao.

B Phu hop cho viéc két hgp cong suét nhat.

W Ludng &m thu hep déc cén xirng khdng dao huéng khi tang tan sé.

B Nén dat loa c6 gobc mé I6n hon 0°.

Nang Irong so vé&i nhirng can nhic phuo'ng sai khac

B Array ghép c6 thé tang kha nang nang lrong vurot qua mét phan tir duy nhat ma van duy tri
phuong sai t6i thiéu theo khoang cach dai.

B Ngudn diém két hgp c6 kha nang t6i da hoa nang lugng bé sung trong khi van duy tri phuong
sai t6i thiéu trong giai tan va khu vyc khong gian rong.

W Ngudn line ghép co6 thé cung cép nang lurong khéng gidi han nhurng khéng c6 kha nang
phuong sai &m phé t6i thiéu.

B Mirc d6 vudt giam bat di xirng c6 thé lam giam phuong sai trén khong gian bét déi xirng, voi
su can bang vé kha nang ning luong giam téng thé tai trung tdm hinh hoc cua array.

W Array khong ghép co thé lam tang kha ning phan phdi nang lwgng ngoai mot phan tir. Chi co
thé duy tri phwrong sai t6i thiéu trong pham vi han ché.
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Hinh dang bao quat phuo'ng sai t8i thiéu chinh
W Hinh chir nhat (phién ban FAR): nhu thdy trong tirng phan tr riéng.

B Hudng tAm-Hinh quat-Radial: nhu thay trong ngudn diém ddi xirng. Phién ban ghép ndi chi bi
gi¢i han béi mét do lan truyén va phuong sai &m pho tir sy hao hut trong khéng khi (HF). Phién
ban khong ghép bi gi¢i han béi phuong sai gon gay ra bdi chéng chéo.

B Hai bén: nhu thdy trong nguon line khong ghép.

B Dudng chéo: nhu thdy trong ngudn diém bat d6i xirng.

B Chuyén tiép-Forward: nhu thdy trong diém dén diém khong ghép béat déi xirng (hé thdng delay).
9.6.2 Thuwc do'n phuro'ng sai téi thiéu

Da danh gia nhirng khéi xay dung cho hé théng chinh va hé théng phu cta ching ta. Chung ta co
menu nhiéu lya chon dé 1&p day vao khong gian &m thanh. Lwra chon dau tién, moén khai vi, la loa don.

Nguyén tac phwo'ng sai t8i thi€éu cho loa do'n

B Giam thiéu ty 1& pham vi: D&t loa dé giam thiéu ty 1& pham vi trong it nhat mét mat phang. Pigu
nay c6 thé bj gi&i han béi viéc quan tdm vé hinh anh &m thanh (thi du: cum trung tdm cao) hay tam nhin
(thi du: ¢6 gang ha thdp cum trung tam). Frontfill 1a trudng hop ty 1& pham vi cao do tam nhin khéac. Luu y:
Ciing mang viéc t&i trwré'c nay cho array nira.

B X dung loa bac thép: Phurong sai &m phé thdp cua loa bac mét va hai lam cho né tré thanh sy
Iura chon wa thich cho nhirng (rng dung solo. Chi cé thé xtr dung loa bac ba lam solo khi viing bao quat
hau nhu 14 hai chigu (thi du: hé frontfill chi nham vao mét phang khan gia phang).

B DGi xirng b6 sung: Phi hgp v&i tinh chat d6i xirng (Dinh huéng d6i xirng cho hinh dang doi
xtrng, Pinh huwéng bat déi xirng cho hinh dang bat déi xirng).

B Phu hop hinh dang (ngang): Phu hop véi hinh dang loa (FAR) v&i hinh dang khu vuc khéan gia.
B Két hop hinh dang (doc): Phu hop v&i dudng MV cla loa véi mat phdng ngudi nghe.

W Han ché: Xtr dung array thay vi mét phan tir khi ty 1& pham vi vurot qua 2:1 hay néu vung bao
quat tran qua nhiéu vao bé mat phong.

Hé chinh la array ghép. Diéu nay sé 18p day phan I&n khdng gian. Menu hién thj trong hinh 9.49.
Nguyén tic phuwo'ng sai t6i thiéu cho array nguén diém

W L4p day hinh dang huéng tdm: Array phai I4p day goc cung cua hinh dang khan gia. S6 lugng
phan tir da yéu cau sé phu thudc vao thir bac loa ctia phan tir. Loa bac thdp phai co6 mirc chong
chéo t6i thiéu. Hé théng bac cao c6 thé chdng chéo dé bé sung nang lwgng t6i da.

H Lam phéng ludbng am: Xir dung c6 1ap dé dinh dang HF va chong lén nhau dé dinh dang LF.

B Giam thiéu d6 dich chuyén: gitr nhirng phan tir cang gan nhau cang t6t. HF chong théat cao la
van dé dich chuyén quan trong nhét.

B Bu ty I& pham vi: Phan b6 ngudn va diéu khién huéng phai d6i chiéu theo ty 1& pham vi (thi du:
chiing ta can gtri nhiéu hon 6dB vé phia sau mat tréc clia khong gian vai ty 1& pham vi 2:1). Mo
hinh khac nhau, ty 1& phan trdm chong chéo, mirc bt déi x(rng hay téat ca loai bén trén c6 thé dat
diéu nay.
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Bay gi& phuc vu mén trang miéng: array khdng ghép. N6 theo hé chinh ciing nhu ching ta gitr né
twong déi nhd. Array khong ghép co thé két hop nhigu loa don hay array ghép trwé'e day nhurng né chi co
thé duy tri phuong sai t6i thiéu trong gidi gidi han. Vi vay, n6 bao gém nhirng phan tir bac mét hay hai dién
hinh (hay array ghép giéng nhu phan tir bac mét hay hai). Cling hién thi menu trong hinh 9.49.

Minimum variance family tree
| Coupled
|__arays
T
Line source ‘ Point source ‘ Puoint destination
I Symmetric I I Asymmetric I I Symmetric | | Asymmetric | | Symmetric I | Asymmetric l
P ———
{ Level 1 l Level N::;ra | Level ‘
Uncoupled
arrays
[ Line source Point source J [Poﬂldosanabm
I Symmetric I l Asymmetric I I Symmetric | I Asymmetric I I Symmetric I [ Asymmetric l
Angle or Angle or |
\Lwel‘ ‘Rango ordar ‘Lwel |Rnn9e arder \LM‘ 'Ranoc]

Hinh 9.49 Cay pha hé cla phuong sai t6i thiéu
Nguyén tic phuwong sai t6i thiéu cho array khéng ghép
B Co6 lap: Pat sur ¢6 1ap bang cach bu goc, dich chuyén, hay ca hai. Ngoai 1&: hé delay.

B D4t pham vi: Chiéu sau array khéng ghép bat dau (va két thic) bang cach chdng chéo nhau.
Truée khi chdng chéo, dap (rng chu yéu 1a mét phan tir. Sy chéng chéo cuia nhirng phan tur liégn
ké bat dau tir vang bao quat cla array (duwdng ddng nhat) va chdng chéo cua nhirng diém két thic
khong lién ké no6 (dudong gidi han).

M Chia ty I&é mirc do: C6 thé diéu chinh array khéng ghép theo mirc d6 twong d6i dén chiéu sau
thich hop.

B Xir dung phan tir bac th&p: Thay d6i chidu rong ludng am trong chiéu sau hoat dong phu thudc
tan s6 (MF c6 thé vurot qua duwdng gidi han truge khi HF dat dén duwdrng dong nhat). Loa co ludng
am bac thdp phai bao dam c6 phuong sai téi thiéu vé chiéu sau hoat dong.

Trap 'n Zoid by 606

What was it that gave it away?

| went to the Dreadful Grate
concert last night. | can't believe
what they did with the arrays.

Somebody had put a couple dB
of level taper on the lower
boxes. So it broke the line. You

could TOTALLY hear it. It sounded the
same in front

and back!

What line did they
break?
The company line?

Huh? What did
it sound like?

Now | see the
problem!
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