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Kiém nghiém — Examination

Da dén IGc phai thur thach thiét k€ Am thanh cla chiing ta. Co rat nhiéu cau hdi can tra loi. Hé
théng da cai dat co theo quy cach cua ching ta khéng? Co treo loa chinh xac khéng? Ba di day cho nd
chura? Tin hiéu chay vao dang chd khéng? Ching ta ciing sé chét van vé thiét ké cua ching ta. Ching ta
phai, mot [a chirng minh thiét k&, hai la cai tién thiét ké khi can.

Quy trinh kiém tra yéu cau nhiéu cong cu do ludng khach quan. Néu khéng cé sy kiém tra, thi mé
tin va khoa hoc cling nhu nhau. Viéc kiém tra chdm dirt nhirng thao luan long vong vé cé thé xay ra cai gi
thay d6i cai gi do va hay cai gi co thé la nguyén nhan cta vai van dé cu thé. Cé thé kiém tra ly thuyét, giai
quyét nhirng cau hoi va chung ta co thé tién 1én khi da hoc cai gi do.

Cong cu kiém tra c6 nhiéu dang thirc khac nhau, tir cong cu vat ly don gian, xir dung dé do goc
loa dén b6 phan tich &m thanh phirc tap. Méi cai déu co vai trd trong birc tranh toan canh. Thach thire Ién
nhét la b phan tich &m thanh, la cong cu chan doan, xir dung dé giam sat phurong sai trong tin hiéu dién
ter va am thanh khi n6 di chuyén qua duéng truyén dén ngu i nghe. Vai trd chinh cta bd phan tich la gitp
ching ta hiéu nhirng cai ching ta nghe. Nhirng cong cu nay théng bao cho ngu i thiét ké va ky su t6i uu
hoa vé phuong sai mirc dd, &m phd va gon trén khong gian va cho chung ta biét da bao toan tin hiéu ban
output sao.

12.1 Cong cu do lworng vat ly -- Physical Measurement Tools
12.1.1 May do dd nghiéng -- Inclinometer

May do dé nghiéng, xtr dung trong luc dé do goc thdng dirng. Pay la céng cu chinh huéng loa tiéu
chuén, c6 sén trong nhigéu mé hinh co hoc (analog) va digital. Ung dung iPhone 1a ré va mé&c tién nhat. N6
chi ¢6 gia 1 do la cho dén khi ban tha no tir trén dinh cum loa.

Ban da biét Iam sao va tai sao nén xtr dung may do do nghiéng. O day vai goi y chi trong trurorng
hop.

B Hay chéc chén ban dang & trén mat phang cla loa. Hay cén than véi hinh thang!

B Hay chac chan ban dang & trén mot mat phang cia may do dé nghiéng. Hay coi chirng trudrng
hop iPhone!

12.1.2 Laser

Laser la cong cu chinh hudng phd bién. Nhirng phién ban chinh xac va dang tin cay dugc xur
dung rdng réi. Laser dét trén loa hay gian khung cho thay chinh xac vi tri clia n6. Chung ta c6 thé dinh vi
ONAX trong nha truée khi guri tin hiéu.

M6t lan nira khéng can hudng dan chi tiét & day, chi can vai goi y.
B Hay chac chan ban dang & trén mat phang cua loa. Hay cén than véi cai thang!
B Con tro laser chiéu chua chinh xac. Néu n6 giéng cay but, dirng diing no.

B Laser dat trén loa (thi du trén gian khung) chiéu dén vi tri trén loa that t8, nhdm huéng bang
khoang cach cé dinh theo chiéu doc (theo mét, khéng phai do).
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B Gi6ng nhu bén trén cho laser dat & canh loa cho mét phdng ngang.
12.1.3 B6 do khoang cach -- Disto

Laser khoang cach hay céng cu laser tim khoang cach, sé guri tia sang di va doc phan déi ctia n6.
No cé thé xac dinh khoang cach di chuyén v&i dd chinh xac cao. Toi khéng khuyén ban I8y cai nay dé do
thori gian delay. (Chang ta c6 céng cu cho viéc nay t6t hon).

12.1.4 Nhiét ké/am ké -- Thermometer/hygrometer

T6c d6 Am thanh phu thudc vao nhiét do. Nhiét ké cé thé cho ban biét hom nay hé théng cta ban
dang chay nhanh hay cham. Chiing ta khéng t6i wu hda hé théng theo mét nhiét dé cu thé vi vay cong cu
nay khong dong vai trd quan trong trong quy trinh nay. Bién dai nhiét do 1a quan tdm I&'n hon cho nhirng
hoat dong lién tuc nhu 18 hoi va churong trinh biéu dién dai hay dia diém co6 hé théng surdi, théng gid va
diéu hoa khéng khi (HVAC). Co6 thé bu déng luc cho viéc nhiét do thay déi ty |& Ion trong quy trinh biéu
di&n bang cach diéu chinh th&i gian delay twong rng véi sy thay d6i. Ciing co thé giam sat dé6 &m bang
am ké vi nhirng ly do turong tur vi n6 anh hudng dén hao hut HF trong khong khi. C6 thé quan sat d6 4m
va c6 thé du kién va bu cho nhirng thay déi trong dap (rng tan sé cao.

12.2 Micro do lwo'ng -- Measurement Microphones

Micro thay thé cho tai cua ching ta. Long trung thanh véi dap (rng cua tai ching ta hinh nhu 1a yéu
t6 dinh rd. Tuy nhién, that té€ khéng don gian nhu vay.

12.2.1 So sanh micro vé&:i tai cua ching ta

Microphone khac véi hé théng am thanh cla chiing ta theo cach rat rd. Ung dung san khau co
nhiéu yéu t6 tng hé micro cé d xa khac tai ching ta. Thir nhat, tai [a hé thong hai tai tach biét bai dau clia
chiing ta. Phai méat cap micro dat trén dau nhan tao dé tao lai kinh nghiém nay, cach thyc hién goi la "dau
gia" hay thu &m hai tai. Ban thu hai tai hdp dan, nhurng phai phat lai trén hé théng loa tuong tu: headphone.
N6 hoat ddng t6t cho nhirng (rng dung that té 4o va vai dang nghién ctru &m hoc, nhu'ng khéng ap dung
cho t6i wu hé théng.

Phuong phap mé phong thinh giac ctia con ngudi khac 1a mét cap thu Am stereo. Micro dat gan
nhau va tach xoe ra ngoai. Tirng micro riéng c6 nhiéu huégng hon hai tai clia chiing ta nhu'ng né tao ra
kinh nghiém quen thudc. Phai dat micro trong khu vure xa dé ngudn trén san khau trén Ian véi nhau. Digu
nay tot cho thu &m nhurng chi xtr dung mét cach tiét kiém cho pro-sound do ro ri cao va gain am thanh thap.
Vi tri micro bat chuéc thinh giac cua chiing ta dang & ngoai san kh&u. Cai gi sé lam viéc?

Kiém soat huéng la wu tién hang dau cho micro pro-sound sén khdu. Nguon san khau va loa chinh
sé tim thdy I6i vao & tat ca micro dang md, thém chai va sac thai cho tin hiéu. C6 vai cach phong vé chéng
lai viéc chai. B6 tri gan béng micro directional co 1ap. Viéc nay tao ra cach nhin sai (phan 5.5.4), chdng han
nhu van chuyén ngudi nghe bén trong trong kick. Console mix cd nhiém vy khéi phuc lai cai nhin that té,
thuwong qua EQ.

Phong vé thir hai 1a ¢6 1ap vat ly trén san khdu bdng man che, nhét nhac cdng tréng trong ao ca
hay yéu cau nhac si han ché mdrc dé cua ho trong khu vire ndi bd. Tat ca nhac sT déu mudn nghe chinh
minh va mudn nghe ngudi khac. Diéu nay lai thém phirc tap: monitor san khdu. Nhirng nguén 4m thanh
nay gigi thiéu dudng ro ri bd sung khién ching ta lai mudn t6i da hoa viéc diéu khién dinh hurd'ng micro.

Nhom nhac pop trén san kh&u la vung chién sy vé am thanh. B4t dau bién phap d6i pho cta ching
ta v&i co 1ap t6i da va ké hoach 13p rap nhirng manh nay trong mixer, tirc 1a stra né trong mix. Microphone
mo phong thinh giac con ngudi hiém khi thyrc hién dugre nhiém vu nay.
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12.2.2 Quy cach micro do lwd'ng -- Measurement microphone specifications

Micro xtr dung dé t6i uru hoa hé théng la nhirng mo hinh thu &m déc biét. Khong can cd lap. Ching
ta dang theo d&i thu dong viéc truyén & nhiéu vi tri khac nhau, khong thém tin hiéu vao luéng. Kinh nghiém
nghe cua ching ta bi anh huwdng bai ca 4m thanh truec ti€p 1an tiéng reverb, va loa monitor phai phan anh
ra didu d6. M6t micro da huégng, nhdm vao ngudn am thanh, la sy wéc lugng hop Iy cho dap (rng clia mét
tai. Ca hai, loa tai va micro da huéng dién hinh co6 lurgng hudng ra trurgre/sau trong giai HF twong déi nho.

Ngugc lai, micro cardioid, dinh hu¢'ng hon tai nhiéu va déi dap (rng tan sé thép cua theo khoang
céach (hiéu rng gan). Micro da hudng don cung cép manh méi dinh vi, nhung dap (rng tan s6 téng hop
x&p xi gan v&i dap (rng &m séc cam nhan dugc. Do do, tai thay thé dé theo dbi truyén dan cla chung ta sé
la m6t micro da hudng, dat & vi tri chién lugc.

Phan loai micro t6i uu hoa hé thdng la loai "lITnh vure tyr do". N6 mang lai dap rng phéng trén truc
va hoi 1an HF dap (rng nhu tang tan s6. Loai micro do thay thé la loai "goc t&i ngau nhién" (con goi 1a "linh
vure khuéch tan"), thiét k€ dé mo ta nhirng khong lién két ngudn hoan toan nhu HVAC, tap &m moi
trwrdrng, ... s& cho thay cé dinh HF I&'n trén truc va khong thé xur dung dé t6i ru héa hé thong.

Tiéu chuén thyrc hién cho micro do luo'ng vugt xa dap tan phéng mot minh. Chung ta can dé méo
dang nho, va kha néng nang dong (dynamic) du dé do dinh cta hé théng ma khéng bi cét. Tap 4m ndi bo
phai & duéi mirc tap Am trong méi trud'ng clia ching ta. Moving light c6 cach t6t dep dé l1am cho tap 4m
trong microphone phai hoc tap. Théng s6 quan trong khéac 1a 6n dinh theo théi gian va nhiét do. Micro do
gia ré $20 c6 thé hop v&i mé hinh $2000 vao sang thr Ba, nhurng vao budi t6i khdng chac no sé vay.

Theo d6i truyén dan doi héi phai di chuy&n micro quanh phong. Tét hon, di chuyén nhigu micro di
chung quanh. Diéu nay lam cho micro phu hop v&i van dé vé cung quan trong. Khdng can phai phu hop
micro dé thiét 1ap thoi gian delay, nhung moi khia canh khac clia t6i wru hé théng doi hdi n6. Micro nén phu
hop v&i @6 nhay va dap (rng tan s6. Hau hét hé thdong phan tich co thé bu d6 nhay qua phan mém. Diéu
nay giup hop nhat bo micro clia chung ta vao chd lam va tang s6 lugng. Vai hé théng cho phép phan mém
bl sai léch dap (rng tan s4. Can thyc hién viéc nay than trong vi chi diéu chinh ITnh vyre trén truc. Chin
muoi phan tram hanh déng trong viéc phu hop micro chét lugng cao la trén 4kHz. Micro phan tan bén
du6i dang ké lam tang quan tam. CuGi cung, lwra chon cuia chiing ta 1a x&r dung b micro phu hop hay
mang giay di bé vao (hay cé hai).

Quy cach micro do lwd'ng

B DBap Urng tan s6: 27Hz dén 18kHz +1,5dB

B M6 hinh bao quat: da huédng (omnidirectional)

B Loai: [inh vure tu do (khéng ITnh vure khuéch tan/géc t¢i ngau nhién)
W SPL t6i da khéng qua tai: >140dB SPL

B Tap am ndi bo: <30dB SPL (weighted A)

B DS nhay phu hgp: +0.5dB SPL (1kHz)

Bl Dap Urng tan s6: £0.5dB <4kHz va trén +1.5dB.

12.3 Cong cu do am thanh do’n gian --
Simple Audio Measurement Tools

12.3.1 Ddng hd Volt/Ohm (VOM)
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Pong hd volt/ohm (VOM) 1a bd phan tiéu chudn ciia bd céng cu &m thanh. Chung ta thuorng xir
dung n6 nhigu cho ngudn dién AC (dién) hon hé chinh L/R (audio). VOM kiém tra dién thé AC va DC, lién
tuc va phat hién doan mach. Do dién thé va dong dién xoay chiéu c6 thé 1a phép do trung binh, da dinh
chuén thanh RMS, hay RMS that (root mean square). Vai tro chinh ctia VOM la trong giai doan truée khi
xac minh hé théng.

12.3.2 May kiém tra phan cuc

May kiém tra phan curc, con goi la "phase popper", 1a b phat va thu xung. Bo phat khién dudng
day va b thu giai ma tin hiéu dién (hay Am thanh) & dau kia. Phép do dién phai c6 d6 tin cay lau khi dap
(rng phang trén tan sé full-range. BO tim phase dé& bj danh Itra khi do cai gi d6 khong cé du bang thong
va/hay c6 do delay phu thudc tan s6. Digu dé gilp loai bo tét ca loa, vi vay ching ta co thé tong hop réat
don gian: Chi xtr dung bo kiém tra phan cuc cho day cable. Xur dung pin va bé phén tich FFT dé kiém tra
phan cuc cla loa.

12.3.3 H6p nghe -- Listen box

DAy la thiét bj kiém tra &m thanh, 1a bd khuéch dai thu nho, xr dung pin va loa, sé nghe tin hiéu &
b&t ky dau trén dudrng dan. Tré khang input cao gilp giam thiéu tai. Day la cdng cu nhanh va hiéu qua,
hiru ich trong giai doan tru¢'e khi xac minh dé xac dinh vi tri tin hiéu cua ching ta dang & dau, va khong.

12.3.4 May kiém tra tré" khang -- Impedance tester

May kiém tra tr& khang 1a cong cu tién tién dé kiém tra cable am thanh da cai dat. N6 do trd khang
AC chir khéng chi la dién tré DC trong duong day. U'u diém chinh cua n6 so v&i VOM la kha nang khac
phuc sy ¢ cable da cai dat véi loa, bién thé va tu dién trong dudng day. May kiém tra tré khang cé thé
nhin thay tré& khang cua may bién thé va cho phép doc chinh xac. DC chén nhirng tu dién da cai dat dé
bao vé driver HF sé& xuét hién nhu mét mach hé cho VOM, c¢6 thé gay hiéu [am lam chiing ta sé két luan da
chay driver. Tuy nhién, may do tr& khang, sé qua tu dién dén driver. May do tr& khang duoc khuyén dung
cho hé théng 70volt.

12.3.5 May hién séng -- Oscilloscope

Oscilloscope la thiét bi phan tich dang song, hién thi dién thé theo thdi gian. Ca hai truc déu duoc
diéu chinh déc lap, cho phép giam sat hau hét tin hiéu dién. C6 thé xem cac dién thé DC, dién thé line va
tin hiéu &m thanh. Thudng khong xir dung nd dé hiéu chudn hé théng, nhung la cong cu hiru ich dé khéc
phuc va xac minh sy c¢d. Oscilloscope theo dbi dap rng peak-to-peak ctia dang séng & bét ky giai doan
nao bao gém output bd khuéch dai. Trong ky nguyén hién dai, chirc nang nay dugc thure hién béi nhirng
mang thong tin ki thuat s6 dong thdi giam sat output bd khuéch dai.

12.3.6 Dong hé do mirc do am thanh (dong h6é SPL)

Podng ho SPL tich hgp mirc do tan s6 va thdi gian vao mot bang doc dB SPL duy nhat. Cac don vi
SPL phu tuong (rng vai thiét 1ap cua ngurdi xir dung déi véi trong s6 (weighting) tan s6 (A, B, C va Z) va
héng s8 th&i gian (nhanh, cham, lién tuc, dinh- fast, slow, continuous, peak). Ddng hd SPL 14 hoat dong
chir khéng phai la céng cu t6i uru hoa. Khéng co théng sé hiéu chuén theo dé ddng ho SPL khéng thuc
hién dwoc bdng nhirng loai khac (chl yéu la b phan tich FFT). Thure hién quyét dinh hiéu chudn bang
phan tich tirng tan s6 riéng (FFT) chir khéng phai tich hgp chung (d6ng hé SPL). Tuy nhién, déng ho do
mirc &m thanh la cong cu hang dau cho ky thuat mix va luat prosound ca nhac ngoai troi.
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12.3.7 B6 phan tich th&'i gian that -- Real-time analyzer (RTA)

RTA tiéu chuén 1a b phan tich am thanh 1/3 octave. N6 da xir dung dé digdu chinh hang chuc ngan
hé théng am thanh trong nhiéu nam. T&t ca déu trong qua khir. RTA 1a DOA. Hiém c6 gia trj dé viét vé no
vi vay t6i s& ndi ngdn gon. RTA 1a bd phan tich &m thanh tiéu chuén trong nganh cong nghiép vao thap
nién 1980. Biéu chinh hé théng &m thanh la mét quy trinh mét budc: equalization.

Quy trinh nay c6 hai buéc: equalization khi xem xét RTA, tiép theo la can bang trong khi khéng
nhin vao RTA, tirc 1a bang tai. Quy trinh nay la tranh luan ndi b gitra RTA va tai clia ngudi van hanh.

Bay gid chang ta lam viéc khac vay. Chang ta t6i wu hé théng. Can bang chi la mét phan ctia quy
trinh @oi hoi dir liéu ma RTA khong bao gidr ¢ thé cung cdp cho ching ta. RTA khong thé cung cép cho
chiing ta du thong tin ré dé xac dinh phan doi, nham hudng loa, dat goc mé, thiét 1ap mac do, delay. N6
khong thé noi ra thoi gian, tinh toan phase hay tham chi ca phan cuc. N6 khong biét trure tiép tir reverb,
chuong trinh tir xe nang. D6 chinh xac clia nd chi nhu vay théi, thdm chi n6 khéng thé EQ t6t. Tham chi
no6 con khoéng ré tién nira!

Khéng cé Iy do chinh dang dé mua RTA ddc lap. B6 phén tich FFT hién dai tring 1ap chirc nang
vGi RTA va ciing c6 nhirng tinh néng that té€ can dé thurc hién t6i uu hdéa hoan chinh. S6 lwgng nhirng cai
ma RTA c6 thé lam t6t hon bd phén tich FFT hién dai 1a s6 khong.

12.4 B phan tich bién doéi Fast Fourier --
Fast Fourier Transform Analyzer (FFT)

Cach day khong lau, viéc diéu chinh hé théng am thanh da thdy gan nhu danh riéng cho mat nghé
thuat. Nhirng k¥ su sé dong bang hay noi vao micro, di b chung quanh va dua ra nhirng quyét dinh quan
trong vé cach hé théng nhdm vao mirc do twong ddi, diém crossover, thdi gian, EQ v.v ra sao. D4 thira
nhan hé théng héi do6 khéng phirc tap nhu bay gidr. Hay né phirc tap hon? Blng 1a hau hét hé théng déu
c6 it channel, hé théng phu va xtr ly tin hiéu hon hién nay, nhung theo cach khac, né lai phirc tap hon
nhiéu. Pudrng dan tin hiéu hién dai thudng la chuyén bay mét chiéu, tir console mix dén loa, da hé tro day
du véi viéc thoi gian nghi tai bé xur Iy tin hiéu. Hoi xua, né giéng nhu di doc theo bd bién trén Southwest
Airlines. Console dén EQ dén delay line dén crossover dén limiter dén ampli va cudi cung la loa. Va d6 chi
la mot con dudrng dan dén driver cao cdp! Chinh sy don gian hoa va tiéu chudn hoa cua xur ly tin hiéu hién
dai va loa, da lam cho nhirng nguoi thiét ké am thanh nghé thuéat dé dam minh trong nhanh hoa &m thanh
(soundscape) phtrc tap, I6n hon bao gid hét. Néu thanh phan cua hé théng siéu phirc tap nay khong thé
t6i ru hoa dé hoat déng cung nhau theo cach dy doan dugec, thi it ngudi thiét ké co thé gay nguy hiém
cho churong trinh ciia minh trén nhirng hé théng phu wong nganh, co khai niém sang tao riéng cua ho. Bo
phan tich am thanh hién dai la céng cu da Iwa chon dé dao ngugc ndi chuyén Iuc (entropy) trong hé thdng
am thanh.

D7 nhién, bd phéan tich da sén sang gilp thai gian dai. Nnwng trong qué khir, no chi la nhirng dung
cu tho so, kha nang chi c6 nhirng nhiém vu han ché. Hé théng am thanh clia n6 ciing tho so, va trong
nhiéu cach, né da Ion 1én clng nhau. Hé théng &m thanh da chuyén ra khoi garage va bé phan tich dira
khoi phong thi nghiém vao thap nién 1980, va nd da cung nhau di chung dudrng. Xir dung bod phan tich dé
can 100 pounds va chi phi nhiéu hon console mix. Bay gi& nd khéng can cai gi va ré tién hon ca micro.
Moi ngurdi déu c6 mét cai, nhurng co rét nhiéu ngudi trong ching ta khoéng théat sur biét nhirng cai gi dang
di vao bén trong clia nhirng céng cu nay va nhirng dir liéu c6 y nghia that su ra sao. Co héi dua ra quyét
dinh diéu chinh t6t sé tang dang ké néu chiing ta hiéu cach nhin cua bé phan tich &m thanh hién dai. Phan
nay |a cai nhin du¢i mui xe. Ching ta sé khéng dao sau du dé san sang thiét ké bo phan tich riéng cho
ban, nhung véi muc tiéu 1am cho ban tré thanh tai xé t6t hon.
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12.4.1 Fast va Fourier

BO phan tich FFT la c6ng cu t6i ru hoa tiéu chuén céng nghiép. Truée hét, ching ta hay dich
nguoc tén cta bd phan tich. "Bién déi-Transform" 1a chuyén hoa dang séng mau, tir bién dod so véi thoi
gian sang hang loat gia tri bién dé va phase theo tan sé. Biéu thirc don gian cho digu nay la chuyén déi tur
mién thdi gian sang mién tan s, thi du: Mét dong chay 4m nhac di vao lién tuc va chia thanh nhiéu lat
mong theo tan so.

Fourier Transform (FT) la (rng dung that t€ cda dinh ly Fourier, dat tén theo nha toan hoc thé ky 18
Jean-Baptiste Joseph Fourier. Dinh ly Fourier di theo ca hai huédng: mién thai gian dén mién tan sé va
nguoc lai. Khéng co dang song nao bi tén hai trong quy trinh bién déi nay (trong dang ly thuyét thuan tay).
Pa thé hién lai trong hinh. 1.1.

Phan "Fast" |a noi ma moi cai cé thu thuat. Dinh Iy Fourier doi hoi lap di 1ap lai vo tan phai chinh
xac gép boi. Chung ta c6 budi trinh dién Iic 8 gi¢ sang. Chiing ta khong thé chd cau tra I&i chinh xac nhét
mai dé nglrng tinh toan khi ching ta c6 du dé chinh xac. D6 la phan "Fast", chuyén déng tr chuyén déi ly
thuyét sang thé gi¢i that va thanh ra thuat toan ching ta c6 thé 14p trinh vao may tinh. May tinh ghét vo tan
I&m!

B6 phan tich FFT cho chdng ta bién do va phase theo tan sd cu thé ho'n ma ching ta c6 thé xur
dung. Tuyét qua. That khdng may, xir dung dir liéu thd khéng dang ké trong thé gidi that cua téi uu hoa.
Chuing ta phai xay dung réat nhiéu tinh nang dac biét dé digu chinh céng cu nay cho thuong mai. Dudi day
1a vai thi du vé nhirng han ché cua b phén tich FFT don channel co ban. Dap (rng tan sé tuyén tinh
khong khép vai hé théng thinh giac cua ching ta. Can phai cé tin hiéu input da biét (da xay durng chinh
xac). Dap (rng phase giéng nhu cai déng ho chi cé kim thir hai. Danh sach cir kéo dai.

Lam sao chung ta quan sat n6? Chlng ta ném tién vao n6. Chung ta chong nhigu bd phéan tich va
ndi song song dé tao ra hé thdng téng hop, phu hop véi ching ta. Nhirng tan s6 chuén va dap (rng phase
cta bod phan tich hién dai, xuat hién dudi dang dudng don, nhung that sy bat ngudn tir viéc tinh toan
khoang mu&i sdu module phan tich FFT. Chi tiét dé lam theo.

12.4.2 Bién déi -- Transform

Nhirng budc bién déi co ban tir dang séng mau dén ghi nh¢ théi gian thanh sé that va s6 4o dén
dé I&n va phase theo tan s6. Muc cong viéc dau tién: So that va s6 4o la trén co s "can biét". Ching ta
khong can phai hiéu diéu nay dé diéu chinh hé théng 4m thanh. Biéu nay dé lai cho ching ta v&i hai buédc
chuyén tiép: input dén ban ghi thdi gian (time record) rdi vao mién tan s6. Ldy mau dir liéu input chay bang
quy tac twong tu nhu &m thanh digital ma ching ta giai quy&t méi ngay, nghia la &y mau & > 2x tan s6
cao nhat ma ching ta mudn xtr dung. Chlng ta sé xtr dung 50kHz lam thi du dé c6 dugc bang théng
22kHz c6 thé xtr dung dugc.

Tan s6 mau 50kHz cho phép tang thdi gian 0,02ms. Hay bat dau trd choi dém. Mot bd 250 mau tai
ludng dir liéu 5ms vao bd dém (250 x 0.02ms). Giai doan thtr mau 5ms cho phép chu ky 200Hz dé khop
vao bo dém that chinh xac. Viéc chuyén d6i tén mién thai gian/tan s bt dau thdm vén dir liéu da luu trir
cua no.

Hay nghe dam thoai: "Co6 ai & day hoan thanh chinh xac mét chu ky khong? Néu cb, (a) ban Ién c&
nao? Va (b) ban da & chu ky phase noi ban & gitra bd dém théi gian 1a gi?". Cau dau cho chung ta biét do
I6n & tan s6 200Hz, va cau hai cho chiing ta biét phase. Bugre tiép theo la yéu cau néu cé ai hoan thanh
hai chu ky, ma cho chung ta bao cao tinh trang trén 400Hz. Tiép tuc kéo dai quy trinh nay dén chirng nao
chiing ta muén (cho dén khi chiing ta dat dén tan sd cao nhét cho phép theo ty I& mau). Tém lai, mau 5ms
chia 4m phd thanh nhiéu khoang tang 200Hz (khoang cach tuyén tinh) (Hinh 12.1 va 12.2). Khoang cach
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tuyén tinh cung cép do chinh xac khong déu cho thinh giac cua chiung ta (khoang 1 octave giira 200Hz va
400Hz, %2 octave gitra 400Hz va 600Hz, 1/3 octave gilra 600Hz va 800Hz, v.v ...).

12.4.2.1 V6 tan va vuot xa -- Infinity and Beyond

Thach thirc dau tién 1a dir liéu tuyén tinh trong thé gidi log (mét trong nhirng cai dau cuia ching ta).
Thir hai la tinh té€ (subtler). Cai gi vé tan s6 ma khong phai boi s6 nguyén ctia 200Hz? Lam sao chdng ta
dém 300Hz? Liéu chlng ta c6 lan truyén bién do cla n6 qua nhirng ngan 200Hz va 400Hz khéng? Gia tri
phase cho tin hiéu hoan thanh 1.5 chu ky s& khdéng giéng nhau & dau va cudi ban ghi thai gian. Cai nao
ding? Chang ta c6 thé lam gi? Ching ta c6 thé cét né ra nhiéu budc nhd bang cach gianh duoc dang
song dai hon. Mu&i mili gidy cho phép chiing ta dém theo buéc ting 100Hz. Chung ta c6 thé thdy 300Hz
ngay bay gi¢, nhung cai gi vé 350Hz? C6 thé ludn co cai gi do & gilra nén khdng c6 vén dé chang ta cat
no ra sao cho t6t. DO chinh xac vo han doi hoi ban ghi thari gian vo han (thach thirc vé han cta FT, da thao
luan & trén).

Gia cua phép do hiru han dang gia dinh n6 phi hop v&i viéc ching ta sé thdy cai gi néu do tiép tuc.
Mau duorc coi la "ludn 1a va mai mai sé 12". Diéu ching ta that can 1a sy tur tin ma no dai dién chinh xac
ngay bay gid va tuong lai sdp t&i. Tin vuil c6 thé 1am ra no.

Hay nhin vao thach thirc nay tuong tu nhu trén. Néu mau thdi gian 1a bai hat hoan chinh
"Stairway to Heaven", chiing ta sé& hoat déng theo gia dinh, né da phat lién tuc, mai mai. Co, t6i biét n6 cam
thdy nhu vay. Nhung vong 18p phai co toan bé bai hat, dé két thuc 4m tham, dap (rng sy im lang, ém a.
Né&u cat ban ghi thdi gian trude khi két thac bai hat (trong khi Jimmy Page van khéc vai thidt lap ampli cua
anh ta la 11), quy trinh kh&i dong lai sé dot ngét va ching ta sé biét bai hat khdng gitr nguyén. Vang, do la
su twrong déng dai, nhung phuong an thay thé la phuong trinh toan hoc khéng tach roi.

Frequency resolution: Time records and bandwidth
5 ms time record (BW = 200 Hz) Each data point contains smaller % Highest resolution in this case is 48
% BW varies with frequency. BW as frequency rises. Each octave PPO over the 10 kHz to 20 kHz
Pts/Octave (PPO) varies with freq. contains unmatched points. oclave
%BwWce) | Inf | 1 | w2 ] 3| va| us | e | 1z | eccecceee> [ 148 [P | 195
Pts/octave 1PPO 2 PPO 4 PPO 48 PPO
Bw(Hz) | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 200 [..p | 200
Frequency 0 200 400 600 800 1000 1200 1400 1600 °**°**°***** P> 0k aesseseadesa > 20k
Frequency (Hz)
10 ms Time Record (BW = 100 Hz) Doubling the time record length shifts 48 PPO resolution is now found in |
% BW varies with frequency the frequency range, but the % BW the 5kHz to 10 kHz octave because
Pts/octave (PPO) varies with freq sequence is unchanged. the BW is reduced by half.
%Bw©c) [t | 1 [ 2] 3] 1] s ] e | 4z | coececeeee > | 148 |*+» | 195
Pts/Octave 1PPO 2 PPO 4 PPO 48 PPO
Bw(Hz) [ 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 [..p | 100
Frequency 0 100 200 300 400 500 600 700 0002220000892 P> Bk -aesnsessnacs LR [
Frequency (Hz)
Note: The time record lengths, number of points/octave and other details vary with manufacturer.

Hinh 12.1 Quan hé giira d6 dai cta ban ghi thdi gian va dé chinh xac cua tan s6 trong bd phan tich FFT.
12.4.2.2 Chirc ning ctra s6 -- Window Functions

Pay la chdé ma phan gitra, ban ghi thai gian, di vao hoat déng. Ban ghi thi gian (time record) 1a
phién ban stra déi ctia mau séng nguyén mau, lam noé s&n sang cho bién d6i. Ching ta khéng thé dat giéi
han vé tai liéu chuong trinh va chlng ta khéng c6 ca ngay. Ban ghi thai gian 1a dai dién hop Iy cua tét ca
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tan sé trong bang théng. Chung ta c6 thé bo sy hoan hao cho nhirng tan sé la bdi s6 nguyén dé dat binh
déng cho tat ca.

Phuong phap khac phuc 1a thdi gian "cira s6", mé phong toan hoc cta kiém soat gain gitra nhirng
dang s6ng dém va phase thir hai: Ban ghi th&i gian. Ban ghi thdi gian coi nhur 1a mau ctia chudi 1ap lai vé
tan. Xay dung nay van duy tri néu két thic cua ban ghi thai gian phu hgp véi bat dau. Ban ghi thai gian
phai la hinh tron, giéng nhu vong bang tir. Ky su am thanh c6 thé hinh dung chirc nang cira s6 nhu 1a
céng VCA hay céng ngudng thai gian. Hay ti€p tuc vai thi du ban ghi thei gian 5ms. N6 dong & dau (Oms)
rdi bat dau mé. Cura s6 cudi cung sé mé ra hoan toan rdi dong lai khi 5ms da troi qua. San pham cudi cung
Ia phién ban stra ddi cua dang séng ban dau véi trong s6 (weighting) bién do wu ai & chd gitra bat dau va
két thuc.

Single time window FFT data: Linear vs. log
Linear resolution displayed on a linear frequency axis (1 kMz/div) Linear resolution displayed on a log frequency axis (1 oct/div)

| Shortest time record

e,
‘N"A""Vv“ﬁ‘

8-16 kHz (1 oct)

Shortest time record

8-16 kHz
(10ct)

Decteh 38

N'Jl'ﬁ"' e e =\‘W‘ WA it
!

' o

| Longest ime record
1

I 2K 3K 4K SK BK K BE W e P sex e 1w s - 290 %30 " = - o

Hinh 12.2 B¢ chinh xac cla tan s tuyén tinh va log: Dap rng FFT don tinh toan dir liéu v&i khoang cach
tan s0 tuyén tinh, da hién thj & day véi ca viéc maé rong tan so tuyén tinh va tan s6 log. Man hinh tuyén tinh/tuyén tinh
(tréi) cho thdy khoang cach bdng nhau gitra nhirng ngan tan s6. Phién ban khoang cach tuyén tinh/log cho thdy
khoang cach LF rong va khoang cach nho dan theo tan s6. D6 chinh xac tan sé tuyén tinh phu thudc vao dé dai bang
thu thari gian, trinh bay theo tuan tu bén. Luru y d chinh xac LF thdp (ban ghi théi gian ngan) va d6 chinh xac HF cao
(ban ghi thi gian dai nhat).

Lam sao cai nay giup bay gid? Truwdc tién, ching ta da chéc chén, gia thuyét bién déi Fourier (co
thé 1ap lai ban ghi thoi gian) da théa méan. Thir hai, chang ta c6 thé thdy co6 vai chi phi dé stra d6i dang
song. Chi phi thay déi theo tai liéu chuong trinh. Song sine da cong thém bién dang vao né. Tam thdi co
thé bd qua néu n6 dén dau hay cudi, trong s6 nhirng cai khac.

C6 nhiéu phién ban chirc nang clra s6 khac nhau va tirng cai c6 ngudn tai liéu ura thich cda riéng
n6. (méc du khong cé fan cua Zeppelin). Tét ca cira s6 dong lai & dau, md hoan toan & gitra va dong vao
cudi. N6 giéng nhu mét ngurdi di theo durdrng bao quanh, noi ¢co loai cra s6 ¢6 do déc tang va giam doc
dao. Thuong xtr dung clra s6 Hann va Blackman-Harris cho nhirng ngudn ngau nhién (tiéng déng hay am
nhac), trong khi ura chuéng ctra sé Flattop dé kiém tra song sine. Nhirng 16i nay I&n bao nhiéu? Hau hét
déu giam 40-60dB tir tin hiéu day du. Hoan hao? Khéng. Tan thé? Khéng chic. Chang ta phai do dén vo
tdn ma&i biét.

12.4.2.3 Tim phase -- Finding Phase

Bay gid ching ta c6 bo dir liéu dap (rng tan sé tuyén tinh v&i bién dé va phase. Phan bién do thi
don gian. Lén hon la I6n hon. Phan phase, khdng qua nhiéu. Gia tri phase ching ta da thu chi la mét vi tri
trén vong tron tuong déi. . . Um, cai gi d6. M6t song sine 6n dinh sé& co6 chudi gia tri phase 1ap di lap lai,
nhurng tin hiéu ngéu nhién sé c6 phase ngéu nhién. Tom lai, ching ta khdng thé lam bét cir diéu gi véi dir
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liéu phase cho dén khi chiing ta co tai liéu tham khao thdi gian dé so sanh, cé nghia la phase tuong déi.
B6 phan tich channel don c6 thé dat ra tham chi€u thai gian ¢6 dinh. B phan tich channel doéi xur dung
mét channel lam tai liéu tham kh&o cho channel khac, cho phép chung ta theo déi chinh xac phase tuong
d6i v&i nhirng ngudn da biét hay ngau nhién nhu &m nhac. Bay la lgi ich quan trong cho bd phén tich
channel déi.

12.5 Diém/octave ¢ dinh (Bién déi hang sé Q) -
Fixed Points/Octave (Constant Q Transform)

BO phan tich t6i hau sé co dir liéu c6 dd chinh xac cao & dang phirc tap v&i man hinh hién thij truc
quan dén tai clia ching ta. N6 c6 thé bat ngudn tir dir liéu tuyén tinh (bao gdm ca phase), nhung hién thj
do chinh xac tan sd bat bién trén méi octave: lai gitra tuyén tinh/logarit (linlog). Quyén Iya chon la chi can
kéo cang va bép man hinh dap (rng tan s6 dé lam cho dir liéu tuyén tinh phu hgp v&i man hinh log. Hinh
dung ra Slinky. Day la giai phap video cho vdn d& 4m thanh. Thach thirc Ia dé chinh xac, khéng cho thay:
do chinh xac rét thdp trong giai LF va rét cao trong HF. Thi du 5ms clia chiing ta co diém dir liéu tan s6
cho mbi 200Hz. D6 1a 0Hz, 200Hz, 400Hz. . . 19.600, 19.800, 20.000. Luu y, ching ta cé bod qua loa
subwoofers khong? Mat khac, ching ta c6 nam muoi lat trong octave dinh (10k-20kHz).

Ban ghi thoi gian dai lam tang do chinh xac cho giai LF (diéu t6t) va do chinh xac HF (qua nhiéu
diéu tot). Day 1a lai thém tran chién véi vo tan. Thay vao dé, hay thir cach tiép cén thoa hiép: Lay ca hai
ctra s6 ngan va dai han. Chung ta sé lam hét sirc va dé lai phan con lai. Chung ta thuyrc hién nhigu phép do
FFT song song va ndi nhirng dap (rng lai v&i nhau thanh man hinh "quasi-log" duy nhat. Thyc hién tirng
ban ghi thai gian, kich ¢& riéng dé nhdm dén octave nao do.

Frequency resolution: Fixed points per octave (PPO)

Points/cctave quantity
rises with time record
length for a given
frequency.

5120 ms 48
2560 ms 24

A fixed number of points/octave is
achieved with time record lengths that
are scaled to the frequency range.

80 ms time record (BW = 12.5
Hz)
48 PPO (630Hz-1250Hz)
643 Hz, 655 Hz.....etc

5 ms time record
(BW= 200 Hz)
3 PPO (630Hz-1250Hz)

T 1280 ms 12 | 24 | 48 800 Hz, 1000 Hz, 1200 Hz
o s
g 640ms 6 12 24 48
e 5 ms time record
£ 320 ms 3 6 12 24 | 48 (BW= 200 Hz)
= 160 ms 15 3 6 12 24 48 PPO (10kHz-20 kHz)
80 ms 15 3 6 12 24 48 10,200 Hz, 10,400 Hz....etc.
40 ms 15 | 3 6 | 12 | 24 | 4. y
20 ms 1.5 3 6 12 | 24 48
10ms 1.5 3 6 { 12 24 48 R
> 2 Points/octave
50ms - 15 3 6 l 12 8. 80 quantity falls with
: frequency for a
20 40 80 160 315 B30 125k 25k 5k 10k 20kHz | given time record
Frequency (Hz) length.

Hinh 12.3 Nhirng diém/octave ¢ dinh (PPO), con goi la bién d6i hdng s6 Q

K& hoach la tdng ban ghi thdi gian gdp doi lién tuc (5ms, 10ms, 20ms v.v) (hinh 12.3). Hinh dung
ra hang loat may chup c6 t6¢c dd man trap khac nhau, kich hoat bdng mét nat badm duy nhét. M&i mét nira
tdng gdp doéi tan s6 mau, dan dén mét sé diém dir lieu phu hop xudng thdp hon mét octave. Chung ta sé
chi x&r dung mét octave ctia méi diém, trong trurong hop nay, thi du ctia ching ta 1a 48 diém/octave. Chon
octave tor mdi band, ndi v&i nhau dé tao ra dap (rng toan dién phirc hop véi do chinh xac trén méi octave
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phu ho'p. Kéo dai do chinh xac tuyén tinh trong mdi octave dé tao ra man hinh log. C6 thé phat hién do dai
clia mot octave don (nhat 1a khi so sanh vai viéc kéo dai full-range, cd dugc néu ching ta chi xir dung ban
ghi thari gian). Co thé tiép tuc quy trinh nay vé han nhung sé dat dén gi¢i han théat té do tang chidu dai ban
ghi thoi gian.

Ctra s6 do diém/octave cé dinh (PPO) bao gom ty I& tan s6/buéc song tuong (rng clia 4m thanh
trurc ti€p va dén tré. DO chinh xac co ban 1a 24PPO bao gom tin hiéu trurc ti€p va dén tré trong khoang thoi
gian 24 giay. Diéu nay lam cho n6 dé nhé: 24PPO = 24A. Nhirng cai dén tré (phan doi hay cdng &m khac)
vurot qua gidi han nay sé coi la khdng twong quan véi tin hiéu ban dau, tire 1a tap am. Do dé, ching ta
dang chirng kién ty 1& &m thanh trurc ti€p twrong doi hep t¢i nhirng phan doi sém theo tan sé. Twong phan
v&i bat ky ban ghi thdi gian ¢ dinh duy nhét nao, & do, ching ta sé thdy vai bugc sdng khac cho méi tan
86 (nhiéu HF hon LF). Xem xét bo phan tich chi c6 mot ban ghi théi gian duy nhat ¢ chiéu dai 24ms. Do la
clra s6 24\ & 1kHz, tuong (rng v&i canh cda gitra nhan thirc dé rong I&'n va tach biét (phan 5.3). N6 ciing
bao gbm 240\ & 10kHz (cam nhan nhu echo) va chi c6 2\ & 80Hz (cam nhan bién ddi &m sac manh). Bo
phan tich ly twdng ctia chang ta cho thdy nhan thirc mac d8, khdng gian va echo déu ngang béng theo tan
s6. Viéc nay can nhiéu bién déi PPO ¢4 dinh.

D0 chinh xac tan s, bao nhiéu la da? Cau tra I&i tiy vao cau hoi ching ta mudn bo phan tich phai
tra 1&i. Cau hoi vé gbc md doi hdi do chinh xac thdp hon cau hoi EQ réat nhigu. D6 chinh xac qua cao tét
hon khéng du, vi vay chiing ta sé tap trung vao nhu cau t6i thiéu cho mét quyét dinh nao dob.

Nhan dién equalization va loc lwge (comd filter) can dé chinh xac cao nhét. Nhirng viing nhan thic
am sac/khdng gian/tach biét dong vai trd quan trong trong quyét dinh nay. Ching ta tirng thdy, dé chinh
xac 1/6 octave dugc coi la "bang thong quan trong" cho nhan thirc vé sy bién déi am sdc. Chung ta ciing
thdy dap (rng tan s6 go'n vurgt qua dé chinh xac 1/24 octave (24A), nhan thirc tach biét hon 1a réng Ién hay
da slra d6i am s&c. Do dé do chinh xac 1/24 dén 1/48 octave sé du cho nhu cau chinh cta chang ta trong
mién tan s (xem hinh 5.10)

Do chinh xac tan sé dé nghi cho nhiém vu dic trung

M Tap 4m san: do chinh xac thédp (1/3), OK dé xtr dung chung.

B Hum va dao dong: dé chinh xac cao (1/24), dé xac dinh tirng tan sé riéng.
B Xac dinh gon: d6 chinh xac cao (1/24), can dé coi chi tiét.

W Equalization: dé chinh xac cao (1/24), t6t nhat dé xac dinh tan so trung tadm, bang théng va cén
bang mirc do peak va dips.

B S&p x8p phase: do chinh xac cao (1/24), can dé theo déi su ghép ndi t6t nhét.
W Cai dat mirc d6: dé chinh xac trung binh (1/6), du dé xac dinh diém 0dB.

B Xac dinh OFFAX: do chinh xac trung binh (1/6), du dé xac dinh diém -6dB.

B Xac dinh XOVR: d6 chinh xac trung binh (1/6), du dé xac dinh diém -6dB.

Chung ta phai xac dinh ba tham s6 dé mé ta peak hay dip: tan sé trung tam (Fc), do léch curc dai
(%) va ty I& phan tram bang théng (BW). Biéu nay doi héi it nhat ba diém dir liéu tan sé: Fc va nhirng diém
ma dap rng da tré lai ddng nhét (& trén va duréi). Pé chinh xac bé sung 18p day hinh dang gitra nhirng
diém nay.

B& phan tich chia &m phd thanh nhiéu diém dir liéu, "ngan-bin". Mbi ngan c6 mét Fc va hiéu qua
BW néi v&i ngan lan can tai gain dong nhét. Fc va BW clia peak hay dip cla thiét bj do co6 thé (hay khong)
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khop véi Fe va/hay BW cda bin. Hai bién mé nay tao ra hang loat kha ning. Fc c6 thé phu hop véi mot
ngan hay roi chd nao do gitra hai cai. BW cla thiét bi c6 thé khép véi BW cla ngan hep hay réng hon.

Frequency resolution: Requirements for accuracy

Accuracy increases as the ratio of data BW ratio (Measured vs. response)
acquisition to measured response rises Centered Between
Response of device 1:1

N

PR

A R P
2:1 ﬂ

| |__S5datapoints | | _6datapoints | / 31

. | J \
The analyzer gains increasing immunity from HJ \
centering and slope errors as resolution rises. A ratio

\ \
of 4:1 (the analyzer has 4x the resolution of the 41
function it is measuring) provides sufficient resolution ;
to identify ripple variance and determine center \
frequency and bandwidth for filter placement. \

Hinh 12.4 Nhirng vdn d& vé ngan/dé chinh xac

Chubi kich ban v&i nhigu ty 1& vé dé chinh xac clia bo phan tich so véi nhirng bién thé cua thiét bi,
thé hién trong hinh 12.4. Chung ta c6 thé may mén va phu hop (d6 chinh xac cao) hay roi gitra nhirng vét
nirt (16i) khi @& chinh x&c cua ching ta bang v&i nhirng bién thé bang théng cua thiét bi da do (quan hé
1:1). Ctra s6 16i sé co lai khi ty 1& tang 1én. Ty & "ldy mau" 4:1 lam giam ty 1& 16i, du dé mé ta dac trung Fc
va BW ma khéng quan tam du né ¢6 ndm trong trung tam khoéng. Do dé bd phan tich 1/24 octave chac
ch&n du do6 chinh xac dé thyrc hién can bang trong ving nhan thirc &m séc 1/6 octave (I&y mau 4:1 * 1/6
octave = 1/24 octave).

12.6 Phan tich channel do’'n va channel doi --
Single-and Dual-Channel Analysis
12.6.1 Phan tich am phé channel do’n -- Single-channel spectral analysis

Bo phan tich channel don so vé&i tiéu chuén ¢6 dinh (Hinh 12.5). Dai lugng chua biét tham chiéu
dén cai da biét (vai gia tri tiéu chuan). Phép do channel don, da dé cap & day la 4&m pho, doi hoi mét dai
luong chua biét: dap (rng output. So sanh cai nay v&i mau tham chidu néi boé nhu Ovolt hay 0dB SPL.

U'ng dung chinh cta bé phan tich channel do'n

1. Giam sat n6i dung tan s6, mdrc dé va dynamic range.

2. T6ng méo hoa am (THD).

3. Kha néng input va output t6i da.

4. Hum va tap am san.

Nhirng tha tuc xac minh & trén sé trinh bay chi tiét tirng buéc trong churong 13.
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Complex audio analyzer: Single channel measurement

Amp (V) Time Record Amp (dB) Single time window FFT
+V | N b] . "
L it " = { /| I\
mmm Hapipopsome | 2 Ay A ’T*
. L& S AV AL )'u g { W‘
) 8 v 1
V= 12 14 16 18 315Hz  125Hz  S00Hz 2 kHz 8 kHz
Time (Sec) Frequency (Hz)
Amp (dB) 1/3rd oc_t_ave (RTA) Amp (dB) Muit-time windowed FFT (24 pts./octave)
= =
k= ©
@ @
© ©
& &
315 Hz 125 Hz 500 Hz 2kHz 8 kHz 315Hz 125 Hz 500 Hz 2 kHz 8 kHz
Frequency (Hz)

Frequency (Hz)

Hinh 12.5 Am phé channel don cua giong noi, do béing nhiéu ctra s6 thai gian, diém c6 dinh trén mdi octave
ctia b phan tich FFT (24PPO) (cua SIA-SMAART).

Complex audio analyzer: Limitations of single channel measurement

Source System under test Analyzer
Flat source.
? )) D —— N\ Speaker made the
Mic posic
Source Speaker Mic response

Unknown source.
: " Speaker is
? )j>> o 9 unknown.
Mic

Source Speaker Mic response
Unknown
electronics. Only
? —_— N » pop——>+__________ the combined
- Mic response is known.
Source Electronic device Speaker Mic response
Two devices. Only
—_ ? —_— ? » L — the combined
& : Mic response is known.
Source Electronic device Speaker Mic response
Three unknowns.
Only the combination
"1 — [ p— o S
? ? ? >>>> o is known.
Mic Who made the peak?
Source Electronic device Speaker Mic response

Hinh 12.6 Han ché cua phép do am thanh mot diém.

Phép do channel don bi gi¢i han rng dung vi nd can tin hiéu da biét (Hinh 12.6). Phéan tich &m
nhac chay qua EQ bang &m nhac va EQ. Phan nao la nhac, va phan nao 1a EQ? Phuong trinh ¢6 hai &n
s6: input (&m nhac) so v&i output (Am nhac va EQ). N6 chi t6t néu ching ta chi mudn thdy am phd chay
qua hé théng. Xtr dung né han ché trong viéc quyét dinh phai lam céi gi vé né. By la quan sat, khéng phai
t0i wru.

Phép do dap (rng tan s6 channel don xtr dung pink-noise hay tin hiéu nguén khac da biét la c6 &m
phé phang. Bo THD xir dung séng sine méo dang nhd, trong khi phép do tap &m khéng yéu cau ngudn nao
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Phat sinh gi&i han thir hai v&i nhidu thanh phan trong chudi, tire 1a méi hé théng am thanh. Nguén
da biét khién input dau tién va ching ta khéng nhin thdy né cho dén output cudi cling. Hé thong do diém
don khoéng thé phan biét tac dung riéng cla nhiéu thanh phan khac nhau ma khéng gian doan chuébi tin
hiéu hay gia dinh. Chlng ta biét da xay ra diéu gi d6 nhung khong biét thiét bi nao da lam. Thiét bj dau tién
vurot qua output khéng ré cho moi cai & cudi ngudn. Thiét bj thir hai cé input va output khéng ré. Bzzt! Cam
on cho tro choi.

12.6.2 Phan tich channel déi (phép do chirc ning chuyén giao) --
Dual-channel analysis (transfer function measurement)

Chung ta da gdp nhiéu réc r6i dé tao ra dap (rng tan s6 cao c6 dé chinh xac cao. Vé ban chét, n6
Ia phan tich thi gian that c6 dé chinh xac cao, cho dén khi ching ta thém channel thir hai. Sau dé, n6 la
mot viéc khac han. RTA khong biét bo xur ly tir loa hay tir phong, show ctia chiing ta tir cai xe nang hay am
thanh tryc ti€p tir tai ché phan doi. Nguoc lai, b phan tich FFT channel déi cho chiing ta biét n6 co biét
céu tra |&i hay doan qua chirc nang gan két (coherence funtion). Didu nay khong chéc chén sé quyét dinh
t6t, nhung chéc chan sé tang kha nang. RTA chi tra 1&i vé bién do, dan ngudi dung tin EQ 1a cau hoi duy
nhat. FFT channel déi hién dai hwé'ng dan chang ta nhin thdy nhirng thach thirc vé hé théng am thanh co
du do phire tap ciia n6. Chéan doan t6t sé lam cho diéu tri t6t hon. Nhdm huéng loa, goc mé, khoang cach,
delay, sap x8p crossover va mirc do Ién xudng déu dugc hd tro bdi nhidu théng tin, cung cép béi phép do
chirc néng chuyén giao. Ching ta cé thé cho biét thai gian, phat hién méo dang, compressor va thay déi
téc do &m thanh trong khi ban nhac choi va khan gia nhay maa (hinh 12.7).

Thuét nglr "chirc nang chuyén giao" mé ta hanh vi cda thiét bi tuyén tinh trong dudrng dan tin hiéu.
Thiét bi c6 thé thu dong, chang han nhu day dién, hay hoat déng, chang han nhu EQ. Chirc nang chuyén
giao phan tich thdy bét clr cai gi xay ra gitra input va output clia thiét bi. Sy khac biét gitra gozinta va
gozoutta (doc tréch hai tur go into va go out to-ND).

Tinh toan chirc nang chuyén giao 1a phirc tap dudi ndp che nhung truc giac & bé ngoai. V&i phan
tich mirc d9, né dugc md hinh héa nhu Ia chia ra: output trén input. V&i phan tich théi gian (thdi gian va
phase) n6 trur di: output trir di input.

Hay b&t dau don gian. Ching ta c6 ty 1& bién ddi bién do6 +6dB khi input 1V tao ra output 2V (out/in
= 2:1). Chling ta c6 thoi gian chirc nang chuyén giao 1a 1ms khi input 1ms tao ra output 2ms (output trir di
input = 2-1 = 1ms). Thiét bi tuyén tinh duy tri mirc d6 chuyén giao va thoi gian chuyén giao bét bién, va sé
¢6 hanh vi input cé thé dy doan tuong déi véi output clia nd. Ching ta cd thé nghi output cia 8V @ 11ms
khi dat trong 4V @ 10ms. Hoat dong nay dién ra 48 lan/octave dé cho ching ta bién dé chuyén giao va
thai gian chuyén giao (phase) & mbi tan s6.

Vé dep clia phan tich chirc nang chuyén giao la tinh di ddng. Chon bat ky diém bat dau va diém
dirng nao trong dudrng dan tin hiéu va sé thay khac biét vé mirc dé va thoi gian. Chung ta cé6 thé mé rong
tlr input cua console sang 4m thanh & hang cudi cling, thiét bi don hay dién tr& don trong mach. D6 la vét
ly, hai diém que do song song (trong va ngoai) "Y'd" vao b phan tich. Tin hiéu chay qua hé thong nhu
binh thudrng va ching ta 14y ra ban sao dé phan tich.

Hay cho khai niém quan hé tuyén tinh di nga béng vai thi du. Mét kilohertz di vao mét minh, 1kHz
di ra mot minh: tuyén tinh. M6t kilohertz di vao, xuét hién 1kHz va 2kHz & output: phi tuyén tinh (méo hoa
am). Pink-noise vao va pink-noise ra: tuyén tinh. Pink-noise vao va (nhu nhau) pink-noise ra: tuyén tinh.
Jazz vao va Kenny G ra: phi tuyén tinh. Chang ta c6 thé c6 chirc nang chuyén giao hgp 18, xtr dung ngudn
ngAu nhién vi n6 khéng phai ngau nhién véi ching ta. Chiung ta c6 ban sao cla input. Tham chi hé théng
tot nhat ching ta do ludrng cling cd vai hanh vi khdng tuyén tinh. N6 ¢6 tap &m san va vai bién dang. Néu
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hé théng c6 qua nhiéu tap am, hay qua nhiéu bién dang, dir liéu chirc nang chuyén giao sé khéng én dinh,
dang tin cay hay co6 thé 1ap lai.

Complex audio analyzer: Transfer function measurement

Source System under test Analyzer
Output Acoustic transfer
T A3 \ PR function
= 4 -~ ¢
= ‘ Mic =
Source Speaker = G
Compensation e
delay R
Input
Outp Electronic transfer
— G function
— _— \
—
Source l Electronic device Co = 2
mpensation -
delay —~—
Input
Outn
% SIS Combined transfer
— p— function
- T — e — J e
5 Mic
Source Electronic device Speaker = —
Compensation _ ~——__
delay o

Hinh 12.7 Do dong chay chirc nang chuyén giao hai diém. C6 thé tim thdy dap (rng &m thanh, dién tir hay
két hop gitra hai diém truy cap do luong.

Thuan lgi 1a ngudn doc 1ap, tire 1a cd thé xir dung nhirng tin hiéu ngau nhién nhu &m nhac, rét rd
rang, dic biét 1a khi dén vut t&t. Cé sy bét kip: phai déng b hai channel khi nd dén input ctia bd phan tich.
Quan hé gilra nhirng tin hiéu phi hgp sé trd thanh (vi thidu tir t6t hon) ngau nhién, khi nd khéng ddong bé.
Bat ky chirc nang chuyén giao nao vai loa sé khdng dong bd vi viéc truyén 4m thanh luén bj thua trong
cudc dua. Xur ly cai nay bang cach dat line delay trong chudi v&i input bd phan tich va bu cho bét ky sy
khac biét trong thoi gian dén. Delay anh hudrng dén phan tich cua ching ta nhung khéng phai 1a mét phan
clia hé th6ng 4m thanh.

Chung ta c6 thé minh hoa cho thach thirc béng vai chudi bién thé. Chung ta d&t "aaaaaaaa" vao va
|4y "aaaaaaaa" ra ngoai. Phan tich cho thay thiét bi nay khuéch dai tin hiéu sang dang in dam. Dé thoi. Sé
khéng thanh vén dé néu ching ta chi 18y mau "a" hay ca tam. Va sé& khéng thanh vén dé néu chiang ta so
sanh bén chir output dau tién v&i output bon chir gitra. Chung ta c6 thé mét dong bé va khong quan tam,
mién 1a chung ta c6 mét trinh tu 14p lai vo tan.

Thay déi chudi input bang "abcdefgh” va ching ta c6 duoc "abedefgh." Van khéng quan trong néu
chiing ta ldy mau mét chir cai hay t&t ca chir cai, mién la ching ta ddng bd va so sanh cung mét chir cai.
NE&u chiing ta khong déng bd thi "cdef" & input cé thé cho ra "abcd" & output. Bay gio bd phan tich clia
ching ta bj [am I&n vé ké noi d6i chir dam do n6 do. Vi vay, it nhat vai &m nhac, nd 1a loai khéng phai la
chubi lap lai vo tan.

Chirc ndng chuyén giao cua hé théng truyén dan hoan hao gia dinh sé la 0. Khéng thay d6i mirc
do, do tré bang khéng va tap am bang khong & tat ca tan sé. Thiét bj that t& cd vai sai léch vé mirc do
chuyén giao va thai gian, va thém tap 4m. Do chirc nang chuyén giao sé phat hién sy thay doi va hién thj
n6 bang nhiéu cach khac nhau. Nhé lai cach am phé channel don lién quan dén output cla tiéu chuén cé
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dinh ra sao. Do chirc nang chuyén giao 1a twong déi so véi tiéu chudn bién thién (tin hiéu ngudn) va do do
xtr dung thuéat ngir turong déi: bién do tuong déi, phase twong doi, thei gian tuong déi va ty sé S/N.

Tin hiéu ngudn tai input channel (thuérng goi la tham chiéu) goi 1a "da biét" va tin hiéu output la
"khéng ré" (thudng goi la phép do). Ngudn nay trer thanh tiéu chuén, xtr dung dé so sanh cho du do 1a am
nhac, giong noi hay tiéng dong ngau nhién. Digu nay sé giup lam sang to chirc nang chuyén giao, phan
biét gitra "tin hiéu" va "tap am". Khi ngudn la pink-noise, chiing ta goi no la "tin hiéu" (tin hiéu hong-pink
signal?) Khi xuét hién tin hiéu khéng lién quan (bat ky mau nao) xuét hién & output, ching ta goi né 1a "tap
am-noise".

Ngudn phai chira nang lwgng & tan sé nhat dinh dé ching ta co thé két luan vé né. Chlng ta
khong biét gi vé 1kHz cho dén khi gtri né di va thly xuét hién céi gi dé. Can c6 tin hiéu full-range nhung n6
khong xay ra tat ca cung luc. Co thé tinh dir liéu trung binh theo th&i gian, cho phép xtr dung tin hiéu input
it day dac hon.

Can phai dap (rng vai diéu kién dé cé phép do chirc nang chuyén giao hop 1&. Co thé ti€p can no,
nhung khéng bao gi¢r gdp g& hoan toan, vi vy chlng ta sé nhin nd trong that té.

Diéu kién cho chirc nang chuyén giao hop 1é

1. Tinh 6n dinh: Thiét bj dudi thir nghiém (Device under test-DUT) phai c6 mirc do va thdi gian
chuyén giao 6n dinh trong suét khoang th&i gian riéng. Thi dy, ching ta khéng thé do loa trén tau cao téc.

2. Thoi gian bat bién: Khdng duoc thay déi dap irng DUT theo thi gian. Diéu nay dé cap dén thoi
gian trung binh cua nhiéu mau. Pap (rng cla loa sé thay déi theo nhiét dd, nhung, néu thoi tiét khdng doi
trong th&i gian trung binh, phép do c6 hiéu luc trong thoi ky dé.

3. Tinh tuyén tinh: DUT phai la tuyén tinh. Output phai ty 1& thuan vé&i input. Ching ta c6 thé co
gain hay mét, filter, delay va nhigu hon nira nhung n6 phai én dinh. Clipping, distortion, compression,
limiting, companding va bt ky xutr ly dynamic nao déu la phi tuyén tinh.

Chung ta sé khoéng bao gio thure hién chirc nang chuyén giao hop 1& cho hoan hao nhung ching
ta co thé lam dugc nhiéu dir liéu khdng hoan hao. Moéi trud'ng noi loa séng déng la rirng rdm rap va phép
do chirc ning chuyén giao da chirng to hiéu qua trong viéc thu thap dap (rng va thuan hoa n6. Nhiéu khia
canh lam cho moi trwrdng nay trd nén thu dich. Co tap m, rat nhiéu tap &m. N6 khong tuyén tinh va thay
doi theo diéu kién thoi tiét. Tuy nhién, thu dich nhat trén tét ca, khan gia dang phai chiu dung pink-noise.
(Thay vao d6 xtr dung nhac cua Pink).

Tinh nang chinh cua FFT channel déi

1. Tinh ddc 1ap ngudn: C6 kha nang xir dung tai liéu chuong trinh 1am ngudn. Phan tich tiép tuc
v@i khan gia hién dién. Ban c¢6 thé nghi ra (rng dung nao cho diéu dé khong?

2. Truy cap khéng xam nhéap: co thé cung cép hai diém do (input va output) tir bat ky hai diém nao
trong hé théng ma khéng gian doan dudéng dan tin hiéu.

3. Bap (rng tan s6 phirc tap: Phuong phap hai channel cung cdp mirc tuong déi, phase twong doi,
th&ri gian tuong dGi va tin hiéu lién quan dén dir liéu tap am.

4. Phl hgp cho dir liéu khong tuyén tinh nhét: Phat hién dap rng phi tuyén tinh va cho thay theo
dbi chat ché. Bo phéan tich co ban sao tin hiéu ngudn dé so sanh véi output.

5. Han ché tap 4m: C6 kha nang xac dinh tap 4m (nhu hanh vi khéng tuyén tinh & trén). Giam
thiéu sai sot trong dap (rng chuyén giao béng cach tinh trung binh.
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12.7 Chirc nang chuyén giao bién dd --
Transfer Function Amplitude

Thudng biéu di&n mare dé twong déi gitra output va input béng dB. Chirc nang chuyén giao bién
dd don gian la md hinh héa nhu phén chia:

Output/Input = Chirc nang chuyén giao bién dé

Hién thi gain khi output > input. Hién thj hao hut/suy giam khi output < input. Chlrc nang chuyén
giao bién dd 1a ngudn déc lap. Mirc dé ngudn hay tan s6 ngudn clia ngudn sé khdng anh huégng dén két
qua phép do, mién la n6 du dé vurot 1én trén tap &m san va duéi diém cat. Dap (rng sé khong thay déi
mién la output/ty 1& 14 hang s6, bat ké tin hiéu output ra sao.

12.8 Chirc nang chuyén giao phase -- Transfer Function Phase

DPap rng tan s6 la hang loat bién dé va gia tri phase don déc. Khéng can giai thich thém vé gia tri
bién d6. Dong nhat 1a dong nhé&t. Gain ctia 6dB la chinh xac nhirng céai ban nghi. Phase thi khac. Chung ta
khong thé két luan béat clr cai gi tir gia tri phase don doc. M6 ta k§ thuat doc dap (rng phase t6t nhéat 1a "ndi
nhirng ddu ch&m lai". Hay bat dau bang cai don gian nhat: 0°. C6 vé nhu 0° nén tuong quan vai thei gian
déng nhat (khdng cé khac biét thei gian gitra input va output). Khong nhét thiét. Théi gian dong nhét co thé
la mét lan doc 180° néu co sy dao cuc gitra nhirng channel da do. R4t nhiéu cai khac nhau co6 thé dan dén
viéc doc 0°. Hay coi trong 60 gidy chung ta c6 thé nghi ra bao nhiéu.

Sau do tach biét (phién ban 0°)

B Thoi gian dong nhét (0°) + Phan curc thuan (0°) = 0°.

B 1A phia sau (360°) + Phan cuc thuan (0°) = 0°.

B 1A phia truéc (360°) + Phan cyc thuén (0°) = 0°.

B 2A phia sau (720°) + Phan cuc thuén (0°) = 0°.

B 0.5\ phia sau (180°) + Phan cuc ngugc (180°) = 0°.

B 1,5\ phia sau (540°) + Phan cuc ngugc (180°) = 0°.

Tat ca kha nang nay la cé that. Gia tri don khong cung cédp cho ching ta ngir canh can phai phan
biét gitra n6. N6 chi la vi tri trén vong tron. N6 gidng nhu nhan cu tra I&i "22 gidy" cho cau hoi "Thoi gian
la gi?" Bo 1a sy that, nhung khéng hiru ich. Chlng ta can phit, gitr, ngay va nam dé dua "22 giay" vao
nglr canh.

Tim phase cua tan sd thir hai cho phép chidng ta lién két hai gia tri. Puérng ndi la do déc phase, ¢
thé giai ma vao thai gian bang cach phan biét ty 1& dich phase theo tan s6. Hay ha n6 xuéng. Dau tién
chung ta tim huwéng déc, doc tir trai sang phai trén truc tan s6. D6 déc xuéng la delay (output sau khi input).
Diéu nay la binh thudng va trure giac (intuitive). DO déc Ién cho biét la chong lai (anti) delay (output trudc
khi input).

Pay ciing la diéu binh thuéng va truc giac vo cung. Co hai ché ban co thé gap phai diéu nay: bat
ctr lic nao chang ta co delay ndi bd trong bd phéan tich va véi filter trong mach do. Viéc dau thi dé. Chang
ta xtr dung bu delay ndi bé dé déng b output va input. D6 déc phase sé tang lén néu ching ta dat qua
cham. Ching ta thay diéu nay khi nhiét do trong phong tang 1én, vi téc dé 4m thanh tang nhanh va dén

micro cua ching ta rat nhanh. Quan cai dau cla ching ta chung quanh anti-delay nhu trong kich ban filter
doi hoi co tién si vé ly thuyét filter rdi mac nd gay tranh cai. Chi can noi, viéc hién thi phase trong filter 1a
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don gian hoa cla that té phirc tap hon. Tuy nhién, ban sé thdy ca dé déc 1én 1an déc xudng khi ban coi dap
(rng phase cua filter.

Giai ma do dbc vao thong tin vé thori gian sé dén ké tiép. N6 la tuyén tinh, do do phai tinh ty 1& thay
déi d6 d6c bang Hz, khdng phai la octave. That vé ich khi phan tich toan bé bang théng 20kHz trong mot
lan, vi vay ching ta s& pha am phd thanh nhigu phan dé tiéu hoa. Hay chon mot giai tan s6 va bat dau.
Dich chuyén 90° gitra 250Hz va 500Hz sé& giai ma xudng con 1ms. Tai sao? N6 di chuyén 90° (1/4A) trong
khoang 250Hz (500-250). O ty 1& do, n6 sé dich di 180° (1/2\ & 500Hz va 360° (1A trong khoang 1kHz). Ty
1& thay d6i la 360°/1000Hz (itrc 1a 1msec) cho du tan s6 da khai dong va dirng do déc lai.

D6 doc dbe hon (dich phase nhigu hon trong cung khoang tan sé) chi thj théi gian nhigu hon. Ty &
thay doi phase khdng déi chi thj delay tan s6 doc 1ap. Ty I& bién thién thay doi chi thj delay phu thudc tan
s6. Man hinh c6 thé gay Iam I1an vi chang ta cd hoat déng clia thi gian tuyén tinh trén truc tan sé log. N6
gilp chiing ta nhé, xuét hién delay tan s6 déc Iap néu nhu d6 déc phase ludn déc hon. D6 déc phase tédng
dan (tir LF dén HF) 14 thai gian phang. D6 déc phase khong déi (tir LF dén HF) 1a thai gian udn cong.

Yé&u t6 cung cédp ngir canh cho cach doc phase

B Tan s6: Cho ching ta biét khoang thdi gian cho gidi tan nhat dinh.

W Ty I& doc phase: Dich phase so vé&i giai ma tan sé theo thdi gian (delay phase).
B Hudéng déc phase: Cho chiing ta biét cai nao dén dau tién (input hay output).
12.8.1 Phan cuc va phase two'ng doéi -- Polarity and relative phase

Chung ta hay tach riéng hai khai niém 1an 16n v&i nhau va va lam phurc tap: phan cuc va phase
twong déi. Phan cuc la chi thi dinh huéng déc 1ap vai tan s6. Phan cuc duwong nghia la tin hiéu input va
output theo cuing mét hurdng. Phan curc cé thanh phan phase nhung khéng cé thanh phan delay. Co dich
phase 180° & tét ca tan s6, hay khong cd. Ching ta c6 thé chay dua tu déng theo chiéu kim dong ho hay
ngugc chiéu kim déng hd ma khéng thay dsi két qua. Bay khong noi phan cuc khong cé lién quan. Loa va
xe dua can chay theo cling mét hué'ng hay c6 nguy co bi va cham. Phase twong d6i phu thudc tan s6. S6
lrong "phase 90°" khdng c6 nghia khéng c¢6 tan sé.

12.8.2 Vong bao quanh -- Wraparound

DPap (rng phase trén man hinh hién thj tan s6 chira tinh nang hinh anh bat ngd va c6 kha nang gay
lam I&n can phai giai thich. Truc doc & duwédng thdng biéu dién cho chirc néng tron (0-360°). Ching ta can
phai quan vong quanh huéng hién thj dich phase I6'n hon 360°. N6 vong quanh no tir trén xuéng dugi, néi
360° sang 0° giéng nhu déng ho clia ban ndi 60 gidy sang 0.

Ngudn gay lam 1an 1a 0° va 360°, xudt hién cung mét diém khi xem ma khong cé ngir canh. Tuy
nhién, doc 360° la bu¢c song tré (hay s¢m). Nghién ciru vé cong 4m trué'e day clia ching ta da néi ra
khéac biét quan trong gilra ddng bd va bu bang mét chu ky.

Pudng bao quanh vj tri goc huéng tam giéng nhau, nhu 10° va 370°. Sy bao quanh cung cép ngir
canh v&i gbc huéng tdm. Dap (rng phase theo tan sé khong chira bao quanh da han ché tat ca lan bl thoi
gian ctia n6 trong mét budc sdéng duy nhat & tat ca tan s6. Dap (rng v&i nhigu bao quanh c¢6 vai giai Ién
hon 1A, phia sau nhirng giai khac. Sy chuyén déi tir phase huéng tam tir sang phase theo tan s6 da minh
hoa trong hinh 12.8.
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Transfer function phase: The wraparound spiral
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Hinh 12.8 Bap rng phase "thdo ra-unwound" (tac phdm nghé thuat 3-D do Greg Linhares cung cép, nhd ¢o
Meyer Sound)

Man hinh hién thi phase/tan s6 phd bién nhét c6 0° & gitra va £180° & canh. Budng bao quanh di
Ién khi dap (rng dat dén -180° va néi t¢i diém ti€p theo, +179° (gbc hudng tdm giébng nhu -181°). Budng
bao quanh doc la hién vat truc quan va khong cho thdy rd tinh khéng lién tuc clia phase trong thiét bi duoc
do.

DPap rng phase la vung lién két tuyén tinh/log. Hoat déng cua noé dura theo thai gian va, do do, 1a
tuyén tinh. Hiéu &rng &m thanh cua no la log. Ching ta hady tap hop hai thé gidi lai. Tan sé doc lap delay
tao ra khoang cach hoan hao, ngay ca gilra vong bao quanh. Xem théng s6 nay trén thang tan s6 tuyén
tinh, 1am cho ban chét tuyén tinh ctia bao quanh tinh khiét, ré rang (Hinh 12.8). Vong bao quanh tich ldy
vé&i méi tan s6 co s& (F = 1/T). D6 dbc phase van khdng déi, vi do tré ciing khéng déi. Mat tiéu cure 1a n6
khong gidéng v&i cach chang ta nghe no.

Diéu nay trai nguoc véi dudrng biéu dién log, cho thay ty I& bao quanh va dd déc phase tang theo
tan s8. Ching ta sé& phai hoc cach doc dé ddc phase bang cach nghe né, nghia la log, mac du khé nhin
thay hon.

12.8.3 Tré phase -- Phase delay

Phase theo tan s6 co6 hai dang chinh: 0° va 180°. Ca hai d&u khong co tré phase theo tan sé. D6
tré 1am cho phase c6 do déc, ching ta co6 thé giai ma véao tré phase. Cong thirc gidi mé la biénthé cua T =
1/F, chung ta da gap truéc day.

Cong thirc tré phase la:

Phase,, - Phase
360
Freq,,, - Freq,,

T:
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Trong d6 T la do tré phase trong vai gidy, PhaseHF la goc phase & tan s6 cao nhét theo do,

PhaselLF la goc phase & tan s thap nhét theo do, FreqHF la tan s6 cao nhat, va FreqLF la tan s6 thap
nhat.

Frequency independent delay: Phase delay over frequency

Phase" - Phase!f : -180" - (- 90°) : -540° - (-180°) : -1260° - (-540°)
360 : 360° : 360° : 360°
™==— Tt— ! Tz — ! T=
FHF . FU 500 - 250 : 1500 - 500 : 3500 - 1500
Change in phase . -90°* . -360* . -720°
360 : 360° : 360° : 360"
e i ST CE S S R S S
Change in Frequency - 250 . 1000 . 2000
T= : r=[ooicioms ] i [ oovicioms ] i o1s
JOP L ST 3 e 2 g
Phase - ! | ¢ I}
+120° -90° @ i ‘
250 Hz i P
+60° M | JI8
o > = . | ! | ,.'_A..‘
: 180" @ 540" @ -1260° @] | ||| {1114
-60° ‘ 500 Hz 1500 Hz 3500 Hz Ll i
~ |
- 120" |
20 ol M I
- 180° '
32 63 125 250 500 1.0k 2.0k 4.0k 8.0k 16k

Hinh 12.9 Thi du 4p dung c6ng thirc tré phase cho thiét bi dién tir c6 tan sé téng thé tré 1ms cé dinh.

C6 thé ap dung cong thirc nay cho bat ky giai tan nao, va output trung binh ctia dé tré phase theo
giai da chon. Do la mot y tuwrdng t6t dé gidi han khoang tan sé cho tinh toan do tré phase, dic biét la cho
loa, da thay d6i rét nhigu theo tan s6. Co thé don gian hoa biéu thirc nay dé dich phase theo khoang tan sé
nhat dinh:

Phase change

360
T_

Frequency change

Thi du (rng dung clia cong thirc cho théy tré phase 1ms ¢ tét ca tan s6 (Hinh 12.9).

12.8.4 Do déc phase -- Phase slope

Do tré tan s doc lap tao ra dd ddc tang lién tuc theo tan sé (tir bay gidr sé gia dinh hién thi log).
M®bi octave ké tiép tang gdp doi s6 lurgng bao quanh vi n6 gdp déi khoang tan s8. Mbi vong bao quanh
thanh cong sé tang déc dan dan so véi trurdre, thi du: Néu do déc & vong bao quanh dau tién 1a x do, thi
vong ké tiép sé la 2x do, tiép theo la 3x, 4x v.v.

Khéng may, khong thé lién hé goc déc véi goc phase nao doé vi ty 1é doc sang ngang clia do thi sé
bién thién. Chuang ta khdng thé thdy dd déc 45° & 1kHz va giai ma dé 1a 1ms. Bidu dd cd thé ngén va rong,
hay cao va hep, vi vay c6 thé Photoshop d6 déc béng tay. Biéu nay khéng loai bo tinh hiru dung cla no.
Goc do dbc chi thi s6 bude song tré chir khdng phai thdi gian. Goc d6 déc & nhirng tan sé khac nhau déu
tuong tu, chi thj ciing con s6 bu buéc song.
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D0 ddc phase cho chiing ta biét khuynh huwéng phan déi (Hinh 12.10). Diéu nay c¢6 (rng dung thuc
tién khi két hop loa v&i do tré phase theo tan s6. Day la tt ca moi cai ching ta can dé xac dinh do tré

phase & bét ky tan s6 nao.

Downward slope: output after the input

Transfer function phase: Phase slope angle

Phase slope of isolated signals is level independent

+180°

3.6° (0.1 ms) @ 100 Hz
36* (1.0 ms) @ 100 Hz
360° (10 ms) @ 100 Mz

Phase delay is proportional to
the phase slope for a given
frequency.

\[\ i\
p P — N
-180*

\N\WWM

No delay, polarity normal

+180*

&

No delay, polarity inverted

0'1[':23‘9*?& - \J\]\

=5

Upward slope: input after the output

LV

100 Mz s 1kMz 10kHz

SR

1 1kH. 1
00‘)'11 z OkHz

i 360° @ 10 kHz (0.1 ms) \ WPhaso delay is inversely
‘ 360° @ 1.0 kHz (1.0 ms) | proportional to frequency for a
360° @ 100 Hz (10 ms) |  given phase slope angle.

— ] L

Hinh 12.10 Poc d6 déc phase

12.8.5 Do tré phu thudc tan sé -- Frequency-dependent delay

Nhiéu thiét bi &m thanh c6 do tré phu thudc tan sé (iré phase theo tan s6). Thi du: tat ca moi cai.
Ngay ca cable ciing c6 do tré phase do dién dung, tu cdm va chiéu dai. Chac chan thiét bi co6 dap rng tan
s6 khong phéng trong pham vi do sé& c6 dd tr& phase phu thudc tan s6. Ngoai ra, co thé co hiéu trng tré
phase tir filter ma chung ta khong thé nhin thdy bén trong passband (filter diéu ché tam thoi- transient
intermodulation filter (TIM) va nhirng filter chéng réng cua bén trén va mach ghép AC bén dudi). Bo loc
chia tan s8, EQ tang va cét (analog hay digital) cling lam tr& phase phu thudc tan s8. Trudng hop kich tinh
nhat 1a loa. Thiét k& hé théng "diéu chinh phase- phase corrected" t6t co thé md réng giai dich phase t6i
thiéu, trong khi phién ban "diéu chinh murc tiéu thu-sales corrected" sé c6 giai nho va bién thé réng. Ca hai

sé tut lai phia sau trong giai LF.

12.8.6 Hiéu rng phase cua filter -- Filter phase effects

DPap rng bj anh hudng béi filter tan sé trung tam, do déc, topology va cudng dé.

Toém tat do tré phase cho filter equalization
B Tré phase ty 1& nghich v&i tan s6 trung tam.

W Tré phase ty & nghich v&i bang théng.

W Méi filter topology déu c6 nhirng dic tinh tré phase dac trung.

Filter trung tam tai 1kHz sé c6 hai lan tré phase, moét & 2kHz. Filter co6 d6 tré phase nhigu hon (trén
gidi tan s6 nho hon) Filter rdng (trén giai In hon) cho tan s6 nao dé6. Xem hinh 12.11.
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Transfer function phase: Pal

rametric equalizer

+18d8 T ™ T T
Amplitude
+12d8 Bottom of filter shape BW = 0.1 octave
corresponds to 0° Amplitude rate of change is
+6dB / high. High phase delay.
OdB p_-,'_-_,..;_—.-;g_—::—_-;.:-———w———,A 3 /“'.—A—,“-' - — i
BW = 1 octave e § A = -_
-6dB Amplitude rate of SN / /
12 dB change is slow. Low [/~ Lowest rate of change is at the filter
-12d phase delay. OO center frequency
IR o 63 125 250 2.0k 4.0k 8.0k 16k
+ 180. T T T Y T T T T Y T T
Phase
+120° .
e Y . R i
0‘ I “%_‘_. — — —— o ;‘“"—“ ~~~~~ “—‘—:::.__“."““.H.R__
-60° BW = 1 octave BW = 0.1 octave
4 Phase slope angle is low, | Phase slope angle is high,
-120 indicating less phase delay indicating more phase delay
= 1800 i i " h o 4 | ' I | 1 |
32 63 125 250 500 1.0k 2.0k 4.0k 8.0k 16k
Frequency (Hz)
Hinh 12.11 Thi du d6 d8c phase cho filter xtr dung trong EQ tham s6
Transfer function phase: Low pass filters
First-order Second-order Third-order Fourth-order
Amplitude \
Amplitude
SR slope
— increases
with filter
order
Phase
Phase delay
increases
g with filter
Fe———— | order
500 1.0k 2.0k 500 1.0k 2.0k 500 10k 2.0k 500 1.0n 2.0k
Impulse
Rise time of
e . N o impulse falls
with filter
order
-2.0 Oms 20 -2.0 Oms 20 -2.0 Oms 20 -2.0 Oms 20

Hinh 12.12 Thi du d6 d8c phase cho filter low-pass xtr dung bo chia &m phé

12.8.7 Hiéu (rng phase chia tan sé (am phd) --
Frequency (spectral) divider phase effects

DPap rng phase bi anh hudng bdi filter tan sé goc, topology va dé ddéc cula filter (theo thir bac).

Tom tat tré phase cho filter LPF va HPF

B Tré phase ty I& nghich vé&i tan s6 goc.
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B Tré phase ti I1& nghich v&i thir bac filter (46 déc).
W Méi filter topology déu c6 nhirng dic tinh tré phase dic trung.
Filter b4t dau & 1kHz sé& c6 hai lan tr& phase hon cai bat dau & 2kHz.

Filter d6c dirng tao ra nhiéu tré phase hon (trén phan nhé passband) filter rong (trén phan
passband I&'n hon) cho tan s6 goc nao do6. Xem hinh 12.12.

12.8.8 Hiéu rng phase cua loa -- Loudspeaker phase effects

Pua loa dén thach thirc cudi cung: thiét bj co khi phai truyén nhiéu buéc séng khéac kich ¢&, bang
hé s6 600:1. San xuét tat ca tan sé cé cung mirc dé va thdi gian 1a nhiém vu hau nhu khéng thé cho loa
don. Mong mudn cua ching ta vé cong suét cao, kiém soat hudng va bién dang nho tao ra nhu cau cho hé
théng nhiéu way va co khi hanh ra phirc tap hon. K&t qua khong thé tranh khoi la dap (rng loa c6 do tré
phu thudc tan so.

Nguyén nhan c¢6 dé tré phu thudc tan sé trong loa

1. Nhirng ché& do blrc xa khac nhau cla tirng loa theo tan sé.
2. Dich chuyén co hoc trong hé thdng nhiéu way.

3. Crossover khéng déu trong hé théng nhiéu way.

Frequency dependent delay: Phase delay over frequency

Phase'® - Phase'” 540" - 900* ' 180* - 540° 0* - 180*
360 : 360° : 360° : 360°
T= ¢ TR e—— ¢ TR —— + T=
[ il : 750 - 350 - 1250 - 750 4250 - 1250
Change in phase -360° - -380* ; 180"
360 : 360" : 360° 360°
T t TR c—— T — o T=
Change in Frequency 400 - 500 . 3000

+ 180° I N i ——————
Phase {
+120° \ ¥
+60° ; f
0 "
-60* \
-120° 900" @ 540°@ 180°@ @ \
350 Hz 750 Hz 1250 Hz 4250 Hz |
=180 32 63 125 250 500 1.0k 2.0k 4.0k 8.0k 16k

Hinh 12.13 Thi du vé dap (rng phase cta loa c6 dé tré phase theo tan s6

Hau nhu chic chan tan s6 cao nhét cua loa s& dan dén mirc thdp nhét ctia n6. Diéu nay 1a do ban
chét ché dd birc xa clia loa. Am thanh phat ra tir loa c6 chuyén dong kiéu piston khi A nho hon dudng kinh
cla loa. Hé thdng loa thiét ké t6t c6 kha nang tao ra dap (rng phase, ngay ca theo tan sé trong giai nay.
Phong cach birc xa thay déi khi A vurgt quéa kich c& piston. M6t trong nhirng vat tao tac nay la tré phase,
tang 1én khi buéc song/loa ting. Quan hé nay la vé huéng, do do, ngay ca tan s6 mid-range nhu 1kHz
cling 1&n hon driver HF nho hon nira kich ¢& cua né. V&i loa subwoofers, toan bd giai hoat déng déu co
chira buéc song rét I6'n so véi nhirng thiét bi phat ra bire xa. Két qua, dap (rng phase clia subwoofer sé
cho thdy tang do tré phase khi ching ta di xuéng.
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Transfer function phase: Unwrapped

e 1 ms of delay at all frequencies Variable phase delay over frequency
0* ‘ .
1
ovz | |} Phase ,_LIO’ s H ggon@
e
180 @ \ \ 1620° @
500 Hz 4 50 Hz
[1oms | 30" || teeo | [Cloms ]
540° @ 1260° @

1.5 kHz " 150 Hz
\ [ 720° ][ 1080* | | s50ms |
900" @ ] 1 900° @

25 kHz : 350 Hz
10ms \ [1080° ][ 720° ] \

1260° @ 540" @
3.5kHz

750 Hz
1.0 ms [ 1440° ][ 360° | | 20ms |
1620° @ ] | | 180° @

45kHz 1250 Hz

1.0ms 1800° 0* ] '@
1980° @ ] , [ | 4250 Hz
5.5 kHz 32 125 500 2 8k 7 15 50 ok

Frequency (Hz) Frequency (Hz)

Hinh 12.14 Thi du vé m¢& goi dap (rng phase theo tan s6 cho thiét bi dién tir (xem hinh 12.9) va thi du loa

(xem hinh 12.13). Nhirng céi tiéu biéu da mo goi ngir canh réng cho quan diém vé do doc phase theo tan sé.

Nhin th&y twrong phan gitra do tré c6 dinh va dé tré tan s6 phu thudc rét rd. T4t ca dap (rng phase bong ma

thé hién trong mdi bang déu giéng nhau. N6 x&p chong Ién nhau va d4u vét khéng bao boc bing cach néi

phan dudi cling cua "bao boc-wrap" dau tién vao dau cua cai thir hai.

Ba yéu t6 dong vai trd quan trong trong dap (rng phase clia nhirng hé théng nhiéu way: dich
chuyén vat ly cua driver, dap (rng dién tir va yéu t6 chuyén dong da mo ta & trén (diéu nay tac dong dén
hai driver khac nhau do dudng kinh clia né khac nhau). Tét ca nhirng yéu t6 nay déu trd vé nha di ngu-
come home to roost (ac gia ac bao?-ND) trong sy két hop & crossover 4m thanh.

S& du cho bay gior dé quan sat do tré phase ma khéng can mao hiém hon vao nguyén nhan cta
né nira. Ap dung cong thirc tré phase cho loa nhigu channel d& minh hoa quy trinh giai ma cho d6 tré phu
thudc tan s6 (Hinh 12.13 va 12.14).

12.8.9 Hiéu irng cOng phase -- Summation phase effects

Phai phan biét ré gitra vong bao quanh trong loa bj c6 14p (chi thj tré phase) va tim ra phién ban
tuong tu nhu vay trong dap (rng téng hop (chi dinh bu thai gian lai dén). Ching ta da thao luan chi tiét vé
cach céng am stra doi dap (rng bién do ra sao réi, nhung hau nhu khéng dé cép dén vé ngoai cua dap
rng phase t6ng hop. Theo cung cach do, bién do téng hop bi anh huégng bai mirc dd va phase twong ddi,
vi vay phase ciing vay. Gia tri phase t6ng hop sé khong thay ddi, bat ké mic do tuwong déi ra sao khi dap
(rng phase da phu hop (noi nao khac co thé dugc?). Sé tim thay gia tri phase két hop gitra hai ca thé khi
da bu gia tri. D6 1a & diém gitra (mid-point) khi mirc dd béng nhau. Né gan véi gia tri phase ctia ngudn néi
troi khi n6 khéng déng déu. Sur chénh léch I&6'n nhét gilra nhirng ca thé (180°) gay ra dap (rng téng hop
giéng v&i sy bao phd, nhurng trong trird'ng hop nay dai dién cho mot két qua &m thanh that, khong phai la
hién vat thj giac cua bd phén tich. Co6 thé thdy vong bao quanh (wraparound) va cdng phase trong hinh
12.15.

Déc cong phase gia tri thda hiép gitra hai (hay nhiéu) phan déi lap. Diéu nay anh hudng dén cach
chiing ta ap dung céng thirc tré phase dé chuyén doi d6 déc dé lam tré thi gian. N6i tom lai, cong thirc tré
phase chi hoat déng trén nhirng dap (rng bi c6 lap. D6 déc thoa hiép cé thé gay hiéu [am. Co thé dién giai
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goc dod déc phase giam sai nhu do tré phase giam, khi d6 that sy ¢6 gia tri mau thuan cung luc. Bang
chirng vé xung dét van con trén man hinh duéi dang loc luge trong dap trng bién dé, va canh gé ghé trong
dap (rng phase, noi dap irng phase da vuon tGi xung dot t6i da. Trong trrd'ng hop xay ra cong phase
dang ké, chung ta khong con co6 thé giai ma goc do déc phase trurc tiép dén tré phase. D6 déc phase két
hgp cho thay hién dién clia nhirng b6 phan cdu thanh, da chéng 1én nhau. Day la ly do tai sao tham chiéu
dén cong phase sé bao gom nhiéu thanh phan thdi gian riéng (xem hinh 4.13 va 4.14). Gia tri phase thoa
hiép di chuyén vé phia bén néi tri. Mot lan nira, kich c& 1a vdn dé. Tin hiéu mdrc do thdp gay ra sy thay
déi déc tai ty 1& c6 dinh theo tan sé (tan s6 chai), vi xac dinh diéu nay bang bu thdi gian. D6 déc két hop
cho thay dap (rng phase cua thanh phan dong gép & mdrc dé thép la sy diéu ché & trén va dudi ddu vét
phase néi troi.

Transfer function phase: Summation phase slope angle

Phase slope of isolated signals is
level independent
Separate Phase slope of summed signals is

relative level dependent

Ampl

Phase X
0 ms, . L The phase response splits the difference
1.0ms T\ between the individual phase reponses
. when relative levels are equal,
Ampl .
3 ket . . NOTE: Phase
Unity level - HAWMWW N, Not | delay cannot be
p> - sdess TR " " delayed | reliably found by
- the phase slope
Phase N Delaved in summed
0Oms xj ) signals.
+1.0ms i
. e Note: Vertical lines are NOT
Ampl - wraparound. They are the result of rapid
Filtered £ w changes in phase response due to time
. offset summation. These are visual
. representations of audible effects.

g N The phase response will will more closely
Oms [ s/, resemble the stronger signal when the
+1.0ms ., levels are unequal. The weaker signal
’ "*1"** phase is modulated over the stronger
100 Hz 1kHz 10kHz signal.

Hinh 12.15 Hiéu trng c6ng &m Ién déc phase

Vai b6 phan tich mé réng quy md phase theo chiéu doc Ién dén hang ngan do dé loai bo vong bao
quanh, dat dugc dap irng turong tu nhu kich ban khong bi bao, thé hién trong hinh 12.14. Nhirng hién thj
nhu vay c6 thé mang tinh thong tin nhung ciing cé thé bi 16i khi dit liéu phase c6 két qua manh (phan doi
hay loa khac). Giai ma dap rng céng phase la thach thirc, ngay ca véi ngudi kinh nghiém nhét va thudong
doi hoi ngir canh (nhu thay duérng dan loa thir hai).

12.9 Quén binh tin hiéu -- Signal Averaging

M@i trrd'ng Am thanh thu dich v&i do lwdng. Bat ky phép do tinh &m don 1€ nao cling ¢6 thé bi 16i
do tap 4m (noise) chung quanh, phan doi, thay doi thoi tiét va nhiéu cai nira. Quan binh cai thién dé chinh
x&c clia ching ta bang cach cung cép xac nhan théng ké cda tin hiéu va pha loang théng ké clia tap am.
Nhan tin hiéu khdng tap 4m khong cdé Igi tir quan binh. Tin hiéu Ia tin hiéu va khéng c6 gi dé quan binh két
qua. Tap dm céng thém nhiéu I&p cdng &m trén dau tin hiéu, cong (hay trir) tin hiéu dén/tlr. Tap &m khéng
turong quan cong thém ngéu nhién vao tin hiéu (cong dm khéng 6n dinh). Ching ta quan binh cho tin hiéu
va tinh ra tap &m trung binh khi ghép nhiéu mau v&i nhau.
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Quan binh la théng ké vi vay ching ta c6 thé kiém tra nhirng con s6 dé xem pham vi khac biét
gitra no, nghia la d6 léch. Biéu nay cho ra bién phap 6n dinh, giup ching ta xac dinh chét lwgng dir liéu.
Do léch 1&6n khi tap &m manh hon tin hiéu vi tap am néi trdi hon. Tang lureng trung binh s& nang dé chinh
xac théng ké cua ching ta. Nhirng phép do trong moi trwrdrng tap &m sé hudng lgi tir s6 trung binh cao
hon. D& thdng ké tac déng giam coéng tap &m trong tinh toan cla chung ta, nhung trong phong van con
(khéac biét quan trong). Do do sai léch la gan két, sé trinh bay so'm.

12.9.1 Loai quan binh -- Averaging types

C6 nhiéu phuong trinh khac nhau dé tinh trung binh dir liéu, nhurng ching ta sé khéng nhan bac
tranh r6 hon béng cach tinh trung binh véi nhau sau do. C6 thé chia sor dd thanh vai loai chinh: tinh toan
dang song, trong s8 mau va cach duy tri con s8 hién tai (Hinh 12.16).

Cé hai tuy chon tinh toan chinh: RMS va vector. Xtir dung RMS trung binh (root-means-quare) cho
nhirng mé phong loai RTA phd tan channel don va dé tinh trung binh dap (rng xung. Quan binh RMS phu
hop dé quan binh nhirng tin hiéu ngau nhién. N6 phan biét ngdu nhién tir tin hiéu twrong quan kha nghéo,
do d6, khoéng phi ho'p véi hau hét phép do chirc nang chuyén giao. Vector trung binh, nhu tén ham vy, xtr
dung gia tri vector gitra nhirng khia canh bién d6 va phase (that va ao) cla tin hiéu. Vector trung binh rat
nhay cam v&i bién thé trong ca hai, bién do 1an phase (va gid), ma né wu tién cho nhirng (rng dung chirc
nang chuyén giao.

So d6 trong s6 (weighting) (khong nén [am vai trong s6 A cho SPL) chia thanh hai loai: trong s6
hay khéng trong s6. Thuat ngit nay dé cap dén gia tri twrong xirng cia méi mau gop phan tao ra mirc d6
trung binh. Quan binh khong trong s xtr Iy t&t ca mau nhu nhau (mdrc chudn, trir khi da ghi nhan). So do
trong s6 thién vé nhirng mau nhat dinh hon. Ham mi (exponential) trung binh cho phép nhirng mau mai
(theo cép s6 nhan), c6 trong s6 cao hon so v&i nhirng mau cii han, 1am cho né dap (rng véi nhirng thay
doi dynamic nhanh hon. Quan binh khéng trong s6 dap (rng cham vi n6 dat lich str ngang hang véi hién tai.
Ham mi c6 d6 6n dinh thdp hon nhung t6c do cao hon khéng trong s6, cho vai mau nhét dinh.

Signal averaging: Speed and stability
FIFO (first in, first out) Sampte¥ L = E 2 = 2 .4 &
FIFO averaging continually updates. Value 120 115 30 105 100 i) 20 %
New data arrives that is higher in Weighting 1 1 1 1 1 1 1 1
value than all previous(our example .
sample # 1), causing the average to Weighted value 120 115 110 105 100 95 20 85
rise. The average updates fastest Avg value (8) 102.5 (820/ 8)
when the number of averages is low. Avg value (4) | 112.5 (450 / 4) )
Stability rises as more averages are 9 } -
used. Avg value (2) 117.5
Accumulate Sample # 1 2-8
The average is kept as a single lump Value 120 700
value of unlimited accumulations. Weighting 1 7
This scheme has variable speed and .
stability. It is fast initially and Weighted value 120 100
unstable, then becomes slow, stable | ayg value (All) | 102.5 (820 / 8)
and increasingly immune to change. ' R SR
Sample # 1 2 3 4 5 6 7 8
Weighted v 1 1 11 1
(most recent has highest value) o = L D 1) L) = > =
[ " 1 Weighting 1 12 173 1/4 115 116 117 1/8
The new sample has the highest :
weighting. The average value moves Weighted Value 120 58 36 26 20 16 13 10
rapidly toward the new value. Avg value (8) | 110 (300/2.7)
Weighted averages are the fastest | )
acting, but least stable, Avg value (4) | 1154 (240/2.1)
Avg value (2) | 118.3 (178/1.5) ]

Hinh 12.16 Nhirng loai quan binh
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Tham s6 cudi cuing la sy thich nghi ctia nhirng mau cii. Vai loai quan binh gilr no, trong khi nhirng
loai khac ném né di. Loai tich Ity quan binh cdng mdi mau méi dén két qua két hop trén co s lién tuc.
Céng hai mau dau tién lai va chia cho hai. Mau thr ba chéng 1én va trung binh bt ngudn tir bé ba nay.
Tiép tuc viéc nay mai mai nhu phim Star Wars. Bd céng nay c6 wu diém (va khuyét diém) vé sy én dinh
lau dai t6i da. U'u diém 1a mién dich véi tap Am. Khuyét diém la gilr théng tin lac hau (loa d& & trong xe tai).
B0 cong la ngudi tich trir. N6 khong bao gidr phu thuéc vao bét cir cai gi n6 da thu thap. Diéu do t6t dep
mién la khdéng thay d6i cai gi. Néu can, ching ta phai xua no ra va khéi dong lai tich Ity.

So d6 thir hai la con s6 trung binh ¢6 dinh va ty déng khai déng lai, giéng nhu can gat nuée trong
mua nhe. Dap (rng sé xay dung trong thai gian ngan va rdi, swish, khéi dong lai. Digu nay co vj tri ctia nd
khi dang ché thay déi, chdng han nhu thiét lap EQ hay delay line.

So dd thir ba la phong cach "vao truére, ra trugre-first in, first out " (FIFO). Dir liéu truyén qua
duong 6ng dan mau co chiéu dai ¢ dinh va dir liéu mai tuan hoan theo thar tyr. Dir liéu méi day dir liéu ct
ra nén khong bao gid c6 nhu cau phai khai dong lai. Luén cap nhat s trung binh, chi v&i nhirng mau mai
nhét. Do la sé trung binh CNN: moi cai déu 1a "Tin m&i nhan-Breaking News!"

12.9.2 Téc dd va én dinh -- Speed vs. stability

Ngu&i dung cé thé chon s8 trung binh. S6 lugng cao hon sé cho do 6n dinh Ién hon, nhung l1am
cham thai gian dap (rng dé thay doi. Lura chon t6t nhét 1a phu thudc vao (rng dung. Chiing ta xtr dung sé
cao hon trong méi trurgrng 6n ao (nhu do tinh &m), hy sinh t6¢c do cho sy 6n dinh. Phép do dién tir ¢o tap
am nho, cho phép co6 s6 trung binh thdp hon ma khéng mét tinh 6n dinh dang ké.

12.9.3 Lap ngud'ng bién do -- Amplitude thresholding

Chung ta khéng thé gia dinh moi tan sé trong tin hiéu input sé luén du mdrc dd, cho di nhac cong
reggae dat cai nay lam muc tiéu. Am bass t6i da & moi tan s6. D& thurc hién phép do chinh xac hon véi tin
hiéu manh hon nhirng tin hiéu yéu gan san tap am. M6i mau tai liéu chwrong trinh déu c6 vai tan s manh
va yéu. Ching ta khong voi v dén mirc can phai xir dung moi dir liéu. Ching ta c6 thé chon loc trén co sé&
tirng mau, tirng tan s6. Co' ché nay la nguéng bién do, hoat dong theo nguyén tic nhu noise-gate cho
micro tréng. Sang loc mirc d6 mbi méau theo tan s8. Ching ta sé guri 1kHz dén b6 quan binh ndu né manh.
Chung ta c6 thé chd chuyén xe buyt ké tiép & tram 2kHz néu né yéu. Chung ta han ché mirc trung binh dé
lam viéc v&i nhirng mau da chép nhan truge (nhirng cai da manh dé cé dir liéu t6t). Da da khé dé co ty 1&
tin hiéu/tap am t6t trong thé giéi am thanh. Chang ta khéng cén phai lam viéc nay khé hon bang cach xur
dung dir liéu bj méat trong tap am.

Luu y: Khong phai tat ca bo phan tich FFT channel doi déu x&r dung kha nang nay. Nhirng cai xur
dung né ¢o tinh 6n dinh cao hon va mién dich tap &m trong chirc nang chuyén giao.

12.10 Gan két chirc nang chuyén giao --
Transfer Function Coherence

Gén két la tra & cho cau hoi: "Nay bd phén tich, ban co6 biét ban dang néi vé cai gi khong?" Gia tri
gén két tr 1 (dang, ¥ t6i 1a nd) dén 0 (Tai chi lam bo théi). Poan theo kinh nghiém 1a & gitra. Tinh toan that
su vurot qua pham vi sach nay rdi nhurng chang ta ¢c6 thé hidu duwoc nguyén téc kha dé dang. Suy ra, gén
két la vé mat thdng ké, tirc 1a nd doi héi trung binh clia nhidu mau. Chang ta dang tim thoa thuan gitra
nhiéu mau. Chiang ta c6 niém tin vao gia tri trung binh khi t4t ca cung cép cung gia tri chirc nang chuyén
giao va mat tu tin khi tra 1o trén ban do. Tai sao lai ¢d sy bat ddng? Tap 4m. Bét ky phép do chuyén giao
nao cling bao goém thanh phan tap 4m, nghia la tin hiéu khéng tuong quan & output khdng co trong input
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ban dau. Cau hoi dit ra 1a bao nhiéu. Cau tra Ii 1 gan két. O thiét bi mirc do line ty 1& S/N (signal-to-
noise) phai cao. Moi cai déu chuyén dong trong su thién vj ctia tap 4m trong thé gi¢i &m thanh.

Panh gia gan két trén co so tirng tan sé, vi vay ching ta cé thé thdy nhirng giai nao dang t6t hon
giai khac. Ching ta xtr dung gén két dé dua ra quyét dinh, va quan trong nhét 1a khdong dua ra quyét dinh.
Gan két rat cao cho ching ta biét, c6 thé diéu chinh mét cach tu tin, n6 sé c6 hiéu qua cé thé dy doan
duoc. Gan két thap c6 nghia, dang di&n ra nhiéu diéu & day hon gap g& tai. Chang ta co6 thé thdy minh
xoay nut trén EQ va nhin thédy it hay khéng cé cai thién diéu gi. Nhirng diéu chinh nhu b sung sy hép thuy,
dieu chinh goc mé& va cai dat delay co thé tao ra sy cai thién do gén két tuyét vori. Nhidu k§ s am thanh
s& khac y kién vé viéc lieu mot thiét 1ap EQ cu thé c6 cai thién nd hay khdng. Mat khac, gén két cé tuong
quan cao v&i chét lugng kinh nghiém. Néu ching ta thyrc hién digu chinh dé cai thién gan két thi thuorng la
tan thanh rbng rai.

12.10.1 Xac dinh gén két -- Coherence Defined

Gén két la gia tri théng ké, xuét phat tir sai léch gitra nhirng gia tri bién dé va phase trong bd quan
binh (averager). Do léch cao va do két hop thap khi mau cé tap Am ngoai lai. Tinh toan gan két cho méi
ngan tan sé v&i thang diém tir 0 dén 1 (1 la 6n dinh hoan hao va khdng c6 tap am). C6 dinh sy khac biét
tuyén tinh, chang han nhu ting dién thé, khong lam giam dé gan két (vi moi cai van 6n dinh). Nguoc lai,
do tré gidra input va output ctia phép do lam ta sé rit ra hai ban ghi théi gian tir nhigéu dang song khac
nhau. D6 khac biét (thadm chi 1a nhe) lam giam sy 6n dinh chirc nang chuyén giao, lam giam tinh gén két
(trong do ludrng, khdng phai hé thdng). Quan hé hoan toan khéng twong quan gitra hai channel da do lam
giam gia tri gén két thanh 0. Goi quan hé nay la nhan qua (causal), tirc 1a dap (rng output la do input khi
output va input da lién két tuyén tinh. Goi n6 1a khéng nhan qua (noncausal) khi tin hiéu output khdng lién
két v&i input.

Gén két la thuéc do curdrng dd tin hiéu output, nguyén nhan lién quan dén thanh phan tap am
output khéng nhan qua. Ching ta cé thé xac dinh sy mét gan két v&i thiét bj da do (khéng phai 16i phan
tich) mot khi ching ta bu cho bat ky khoang bu thai gian nao gitra nhirng tin hiéu do dugc. D6 gan két 1a 1
khi output c6 tat ca tin hiéu va khong co tap am. Né la 0.5 (50%) khi tin hiéu va tap &m béng nhau va 0
(0%) khi output c6 tat ca tap 4m va khong co tin hiéu (Hinh 12.17).

Hay dura vao vai doan &m nhac dé minh hoa. Doan dau tién nghe thay I&'n réi mém ra. Ching ta
nhan ra am nhac da thay d&i, nhung c6 day di twong quan (gan két = 1). Nghe lai 10 gidy dau tién lan nira.
Sau do6 bat dau 5 giay va choi lai trong 10 gidy. Doan &m nhac ¢6 lién quan mét ntra (coherence = 0.5).
Cuéi cuing, nghe vai doan am nhac t6t roi dén Barry Manilow. Hai loai nhac nay nén c6 100% khéng turong
quan (gén két = 0).

Biéu thi gan két bing thuat ngir analog

B Chi s6 chét lurgng dir liéu: D6 tin cay cua bd phan tich véi nhirng gia tri bién dé va phase.
MW Ty I& tin hiéu/tap Am: Tap am lam giam gia tri gan két.

B Chi thi: Chi dinh d6 6n dinh/lap lai cta phép do.

Chung ta co6 thé nhin vao dap (rng tan sé va danh gia chét lwgng trén hai cdp do: chét lwong do
luérng va hé théng duGi chat lugng kiém tra. K&t qua gén két thdp khadng chinh xac. Cai gi d6 dang gay ra
nd. Mét 1a chung ta do né sai hay n6 ndm trong hé théng (ching ta can phai biét 1a cai nao). Gan két doi
hoi tinh quan binh, va tim sy khac biét gilra tirng dap orng riéng, bao gém s6 trung binh. Gan két hoan hao
bao ham sy déng thuan hoan hao gitra tat ca mau trong bo trung binh. D6 gén két nhé giot xuéng khi mau
thtr khac nhau.
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12.10.2 Y&u t6 anh hu'é'ng dén gan két -- Factors affecting coherence

Lam sao chirc nang gén két phat hién tap &m trong phép do clia ching ta? Nhu bé phan tich cua
chiing ta thay noé, co6 hai thé loai tin hiéu output: tin hiéu nhan qua twong quan véi input va khéng nhan qua.
Khach mai va khong dugc méi. Ching ta biét ai dd duwgrec mai vi chiing ta ¢6 danh sach khach day du: ban

ghi th&i gian input. Chang ta nhén ra dang s6ng output trén danh sach ma&i (va nhirng dang khéng cd).

Chuing ta khéng c6 bao vé dé quang no ra khéi phong, nhurng chiing ta ¢ thé xac dinh né va theo déi hiéu

qua cla né. Hay do cai loa trong phong (Hinh 12.18).

Transfer function of acoustical
systems (with noise)

Coherence Function: Sources of noise and coherence loss
Original signal
+

Transfer Output Transfer beration Transfer noise,
function = function = function = distortion,
Input Original signal
Source System under test Analyzer
Electroni Acoustical Compensation
7 noise? : ermor?
l N0\ Output Combined transfer
\ NN function
T 2 )1
117 ) Mic
Source Electronic device Speaker _ _— + noise
Compensation __ \
delay Devices & noise
Input

Hinh 12.17 So d6 khéi dong chay ctia phép do chirc nang chuyén giao v&i ngudn tap &m

Coherence function: Causal noise sources

Early sound from

Late sound from

related speakers related speakers
Signal
processing
Speaker Mic
Signal
Source proscg:s‘m g Output
9 Transfer
— function

Input

Early reflections

Late reflections

"Early” refers to related sounds and reflections perceived primarily as
tonal modification. They fall inside the time record for a given
frequency range and cause a steady loss in coherence and fixed gain
and loss in the amplitude response. Lowest coherence generally
corresponds {o the dips in the amplitude.

“Late" refers to related sounds and reflections perceived
primarily as discrete echoes. They fall outside the time record
for a given frequency range and cause an unstable loss in
coherence and instability in the amplitude and phase
responses.

Causal sources of coherence loss are treatable by modification of the sound system and/or the acoustic surfaces.

Hinh 12.18 Chirc néng gén két va tap am
Tin hiéu nhan qua tai output bao géom

B Tin hiéu nguon.
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W Ban sao cla tin hiéu nguon tir loa khac.
B Ban sao cla tin hiéu ngudn tir phan doi.

D43 c6ng nhan tin hiéu ngudn & output. Ban sao bao gém nhirng nguén thir cdp nhu phan déi hay
loa b6 sung, digu khién bai cing mét ngudn. Ching ta phai c6 kha nang phan biét gitra nhirng tin hiéu
nhan qua va khéng nhan qua, vi chién lugc t6i wu hoa khac nhau ré rét cho méi loai. Yéu t6 gan két cua tin
hiéu nhan qua sé van nhét quan trén hang loat mdc trung binh, nhu bién dé va phase. Diéu nay cho thdy
quan hé én dinh gitra tin hiéu output va input va ty s6 S/N 8n dinh. Chai manh lam ra hang loat gia tri gan
két cao va thdp dé theo dbi peak (8n dinh va cao) va dip (thdp nhat). Sy 6n dinh clia gan két xac nhan,
nhirng peak va dip la téng hgp nhan qua, dan huéng ching ta vé giai phap ap dung (mirc do, do tré, goc
ma&, hép thu, v.v).

Tuong tac khéng nhan qua lam cho bién dé va phase khéng 6n dinh, 1am giam gan két. Quan binh
gitp 6n dinh dir liéu vé& mét théng ké dé do ludng (nhurng khdng co tinh am). Chién lurge t6i wru hoa hiéu
qua nhat tach tin hiéu (nhan qua) ra khoi tap 4&m (khéng nhan qua) vi ap dung nhiéu giai phap khac nhau.
Trudre hét, giam thiéu sy mét 6n dinh cua tap am trurgre khi thure hién chién luge nhu EQ véi phan con lai
6n dinh. Thi du minh hoa la géc tap trung loa va cach xtr Iy am thanh. Chang ta c6 thé giam tap am bang
cach nhdm huéng loa mét cach chinh xac va thém hép thy. Gia tri gén két sé& cho ching ta biét, néu tién
hanh giam tap 4m trudc khi EQ phan con lai 6n dinh.

Két qua cudi cung la dap irng tan s8 v&i y8u t6 nhan qua va khdng nhan qua. Gia tri gan két phan
anh ty I& pha trén twong xirng cta no; Gia tri 6n dinh cho thdy c6 twrong quan manh. Dir liéu sé khong bao
gi&r 6n dinh du dé chung ta c6 dugc dap rng dirt khoat cua hé théng, néu tin hiéu khong twong quan quéa
I&n. Pidu nay sé gtri thong diép rd rang, can thye hién vai cong viéc Ién truée khi ¢6 gang EQ.

Nguén khéng nhan qua (bao gém nhwng khéng giéi han)

B Méo, hum, tap am va ro ri trong hé thong &m thanh.

B Dbén moving, khan gia tham gia, HVAC, xe nang va may nghién trong phong.
B Echo tré (tir quan diém cua bd phéan tich PPO c8 dinh).

B Am thanh tré tir nhirng loa khac (tir quan diém cta bo phan tich PPO ¢6 dinh).

Nhirng muc & dong trén cling da xam nhap vao hé thong &m thanh nhung khéng phai la mét phan
cUa truyén tai dy dinh cua ching ta. Gan két cho thdy né la nhirng ké xam nhap. Dong tiép theo chira
ngudi ngoai hanh tinh x&m chiém khdéng gian &m thanh cla chiing ta ma khéng c6 quan hé gi véi tin hiéu
ban dau. Anh huéng cua nd duoc coi la dé lech ngau nhién (diéu bién) & trén va duéi dap rng tan sé
tuong quan 6n dinh. Khia canh chung cho dén nay la EQ sé& khong hiéu qua. Hai muc cudi cung la trudrng
hop d&c biét, vi tin hiéu la ban cudi cua ban géc. Chinh xac khi nao thi tré? Cau tra I nay doi hoi phai
xem xét chuyén déi PPO (Constant Q) ¢6 dinh.

12.10.3 Dén trurc ti€p, sé'm va tré -- Direct, early and late arrivals

DPap trng PPO ¢6 dinh téng hg'p gdém nhiéu ban ghi thai gian khac nhau, tor vai mili gidy dén hon
nlra gidy. Chon loc thi gian ctra s6 tir thudc tinh &m thanh cua héi trerd'ng sao cho ¢ ty 1& phu hop véi
budc song truc tiép dén tré, phan loai 1a nhan qua, roi xép loai la tap &m. V& ban chat, PPO co6 nghia la c6
dinh, lurgng ¢8 dinh nhirng buéc song tré phu hop trong ctra sé thdi gian. Nhé lai cach bién déi PPO ¢d
dinh b&t ngudn tir ngudng nhan thirc am sac, khong gian va echo cta ching ta. Am thanh tryc tiép va két
hop nhirng tin hiéu nhan qua én dinh dén sém (ngudn nhan thirc &m s&c) la nhirng &rng ctr vién chinh cho
can bang. Tinh nang cua nd xuét hién ré rét va 6n dinh trén bd phan tich. Tin hiéu nhan thirc 1a echo lam
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mét 6n dinh trong bo phan tich. Tinh néng cta nd cé vé mé nhat va khéng 6n dinh. C6 bang chirng r6 rang,
giai phap EQ sé that bai khi du¢rng biéu dién muyc tiéu dap (rng tan s6 khéng 6n dinh. Man hinh huéng dan
chang ta huéng téi giai phap wu viét hon nhu diéu tri bang am thanh, quay huéng loa va sép xép phase.

Ciing ap dung diéu nay cho nhirng tin hiéu lién quan dén tir nhigdu loa khac. Nhin chung quanh
phong va xem xét nhirng ty chon diéu tri con lai. T4t ca tuy chon vAn mé ra cho loa trong array ghép va
nhirng phan déi gan dé. Tuy chon EQ giam theo tan sé (va thdi gian) cho loa nao dén tré hay bé mat phan
chidu. Tan s@ thdp va phan doi ngan van con trong trd choi EQ trong khi tan s6 cao va phan doi dai tao ra
qua nhiéu chai. Man hinh dap (rng tan sé chinh xac cao PPO c¢6 dinh nhdn manh dén khu vyrc 1am can
béng that té.

Coherence function: Non-causal noise sources

HVAC_ Sound from
Crowd noise unrelated speakers
Unrelated Signal
source processing
Speaker Mic
Source E»I::L Cutput
processing Tronsfor
M —_— function
v <z Input
Noise. Limiting, Unrelated
distortion compression reflections
Random sources such as device noise floors, HVAC and *Unrelated source" refers to a separate signal channel. The stable
crowds add highly uncorrelated noise. Limiting, summation criteria are not met. Random interaction between the original
compresssion and THD are largely operational issues and | | source and unrelated signals causes an unstable loss in coherence and
may change dynamically. Any of these will cause unstable | | instability in the amplitude and phase responses, Stereo source channels
coherence loss. are both “related” and “unrelated"”, depending on the pan pot setting.

Non-causal sources of coherence loss will require different treatment from causal sources.

Hinh 12.19 Churc ndng gén két va tap am khong nhan qua

Pap (rng 6n dinh cho th&y t4t ca tuy chon t6i wu van mé cho ching ta: diéu tri bang EQ, mirc do,
delay, goc md, khoang cach va am thanh. Bap rng khéng 6n dinh, gy ra béi nhirng phan doi tré va loa
khac, vurot qua dudng chan tréi can béng, nhung van ap dung tat ca tuy chon khac. Nhirng ngudn tap am
khong nhan qua khoéng lién quan doi hoi nhiéu giai phap bén ngoai hé théng dm thanh, nhu cach ly tinh am,
hay 18y chia khoa xe nang.

Hay thém doé chi tiét hon: phéan biét gitra nhirng dir liéu nhan qua trong ban ghi thoi gian, va sy
viéc ndm ngoai. Am thanh tryc tiép la cai dén truéc. Phan doi don co thé dén bén trong, bén ngoai clra sé
thai gian hay x€p chéng lén ca hai (nh¢ lai, nhiéu chiéu dai ban ghi thoi gian cling bao gém dap (rng tan
86 PPO ¢6 dinh). Cong nhan phan déi lién quan dén nhan qua néu nd dén trong cling ban ghi thai gian
nhu tin hiéu trye ti8p. R6t cude, phan déi la dira con ctia &m thanh tryre ti8p vi vay chdc chan né ¢6 lién
quan. Phan doi nao dén sau khi dong ban ghi thai gian sé bj bd phan tich loai bo, khéi dong lai quy trinh tor
dau ma khoéng can biét nhirng su kién trugre. Phan doi van bao quanh phong, tir nhirng tin hiéu trwdc sé
tré thanh ngudi la mat ngay 1ap tlre, t&i bo phan tich coi la tap &m (Hinh 12.19). Ngudng phu thudc tan sé.
Chéng han c6 phan déi 100ms, nam ngoai ban ghi thdi gian HF ngén va bén trong ban ghi thdi gian LF dai.
B0 phan tich thdy phan HF la khéng nhan qua (bén ngoai clra s6 thdi gian) va phan LF 1a nhan qua (bén
trong ctra so).
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12.10.4 B4t 6n trong tin hiéu nhan qua -- Instability in the causal signal

Khéng c6 gi bao dam tin hiéu nhan qua sé khong thay déi, thi du: C6 thé diéu chinh EQ trong khi
do. Tin hiéu output dugc nhan dién 1a nhan qua, nhung thay déi twong déi dén tin hiéu input. Két qua la
mét tinh gan két, mac du thiét bi dang hoat déng binh thuéng. Gan két dura trén pham vi bién dong giira
nhirng mau tao ra gia tri trung binh. Gan két giam khi thay d6i tang, cho du do thay d6i dynamic bén trong
hay tap &m bén ngoai. G&n két sé& ting lén mot khi dap irng 6n dinh. Tom lai, gan két ghét b4t 6n, du cho
n6 dén tir dau.

Khuynh hwé'ng co’ ban cta ddu vét gan két (Hinh 12.20)
B Tha tam thdi khi hé théng co thay d6i dynamic.
Bl DPap rng 6n dinh lau bén (cao va thdp) v&i phurong sai gon nhan qua.

B Hao hut khéng 6n dinh khi thém tap 4m khoéng nhan qua vao tin hiéu output.

Speaker in a room (near)

+30dB '
- Amplitude
+20d8B §
+10dB
0dB §
-10dB |

- 20dB |

-30dB

Speaker in a room (far)
+30dB

+20 48 : Amplitude
+1008
0dB [
-10d8 |

- 20dB

-30dB

32 63 125 250 500 1.0k 2.0k 4.0k 8.0k 16k

Hinh 12.20 Thi du thyc dia vé chirc nang gan két.

12.11 Pap trng xung cua chirc nang chuyén giao -
Transfer Function Impulse Response

Chung ta da tirng thdy cach dap (rng phase da hién dién ro rét trong mién tan s6 va ma hoa trong
mién th&i gian ra sao. Phan cuc cho dap tirng xung sé dao ngugc mé hinh nay: mién thoi gian téi truée
thang tdp va ma hoa dap (rng tan s6. Pap (rng xung va dap (rng tan s6 chirc nang chuyén giao xuat phat
tir cung ban ghi théi gian chira cung thong tin, mac du tir vién canh rat khac nhau. Biéu thj mién thoi gian
clia xung sé tach biét Am thanh truec tiép va tirng phan déi ra riéng, lam cho co6 thé nhan dién n6 dé dang.
DPap (rng xung hién thj s6 [an dén theo thir ty nhan dugc va cho vj tri cla né theo thdi gian. Diéu nay
tuong phan vai dap (rng tan so, cho thay anh huéng cia phan doi da dat Ién dap (rng &m thanh tryc tiép
(chai). C6 thé tim thay trinh ty thdi gian, cudng d6 trong d6i va cuc clia mbi lan dén.

Pap rng xung la diéu ky diéu, dua vao xtr dung that té rat don gian. N6 cho thay nhirng 4m thanh
va phan déi trurc tiép bdng don vi ma ching ta c6 thé hiéu dé dang: mili gidy. Viéc doc dap (rng xung dé
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hon cach hiéu nd phat sinh ra sao réat nhiéu. Chung ta lai di dudi mui xe lan nira, v&i phuong phap tiép
can "cang don gian cang t6t ma khéng lam nha toan hoc that vong".

DPap (rng xung la cdu tric toan hoc cua thi nghiém gia thiét ma ching ta khong can thuc hién that
sur. Tot dep! D6 1a cAu tra 161 cho cau hoi: "Oscilloscope sé hién thi khdng néu chdng ta dat moét xung duy
nhat vao hé thdng?" G6 bdp vao thiing loa woofer va ching ta dgi n6 dén micro roi dirng quanh quén dé
thdy nd xuét hién tr& lai, doi ra khdi san va nhirng bé mét khac 1an nira. Day la phan dé. Bay gid bat dau
hoi. Xung "hoan hao" 1a gi? Lam sao chung ta c6 thé thdy dap (rng xung trén bd phan tich khi ching ta
khéng nghe thay cai gi di ra khoi loa?

Nha toan hoc khéng ném nhirng tir nhu "hoan hao" chung quanh nhe nhang. Ban thang giai néu
doan day la cong trinh v6 han khac. Budc dot pha nhanh vao hé thdng co giai tan sé vé han tao ra xung
cao vo cung, tang 1&n, va tr& vé sé khéng trong ... (ban doan di) khoang thoi gian nhod gép bdi. Trong thé
gidi that t&, chling ta loai bd v6 han va gigi han trong giai tan quan trong (thi du: Ién dén 20kHz) do d6 do
déc, chiéu cao va chiéu réng xung thanh ra hiru han. Xung don hoan hao la tin hiéu kich thich &m thanh
theo cong thirc gan ding sau: tat ca tan s8, mirc d6 bang nhau, tring phase, khoang thai gian t8i thiéu.
Hinh dung cudc dua mét vong cho tét ca tan s8 véi moi ngudri da sén sang dé chay khi né sing. That ra,
ky thuat tinh am ciing x{r dung sing ngdn lam may phat xung dé phan tich phong! Hé théng c6 bién dd
phdng va dap (rng phase theo tan sé sé doi xung tang 1én va déi trong thdi gian t6i thiu ma khéng co tinh
nang céng thém nhu qua mdre, dudi mire hay dao dong. Do la cach ching ta cé thé thay dap (rng xung
hoan hao duy nhét. B4t ky peak hay dip nao khac biét bién dd va/hay do déc phase sé lam bién dang xung
theo nhirng cach dac trurng, bdc 16 cho ching ta rét r6.

Bu thai gian gitra output va input lam thay déi vj tri truc x ctia xung. Delay di chuy&n n6 sang phai
(output sau input) va antidelay thi sang trai (output truéc input). Ching ta biét output khong thé dan input
trong vat chat that t&, nhung bd phan tich cla ching ta chi dap (rng hai tin hiéu, cé thé dén tir bat cr noi
dau. Chung ta c6 delay néi bé trong bo phan tich, vi vay day khong phai sy xuét hién ky la.

Hay xem dap (rng xung phat hién cai gi. Tinh nang tiéu chuén 1a ving chét trurdc khi dén, hinh
dang cla xung va xung bat ky thir hai dén theo sau. Vlung chét la thai gian chuyén giao, tirc la d6 tré hay
lan truy&n &m. B& phan tich tim thdy diéu nay bang cach nhan ra ndi dung cua tin hiéu input va output 1a
trong tu, nhurng bu lai kip thdi. Diéu ching ta chu y ké tiép la dinh hudng cla xung, cho thay phan cyc
(duong hay am). Dac diém thir ba la t6c do tAng va giam clia xung. Mét dudng d6c doc khdng c6 dao
déng (ringing) chi thi bién d6 va phase phéng. Xung tron cho thdy hé théng bi mat song HF va/hay dich
phase phu thudc tan s6. Dao dong (trudc hay sau) 1a d&u hiéu bj loc (filtering) (dién tir hay &m thanh).
Phan déi la nhirng ban sao xuét hién phia sau tin hiéu tryc ti€p. Cai nay coi nhur con cla input va thé hién
duéi dang nhirng dinh (peak) thoang qua thir hai, x€p sau lan dén dau tién (Hinh 12.21).

Lam sao dé bo phan tich clia ching ta hién thi dinh thoang qua coi giéng nhu danh tréng snare khi
chiing ta dua vao &m nhac 101 day? Day la noi phép toan ma thuat tham gia. Nh¢ lai, bién déi FFT ban
dau lay tin hiéu mién thdi gian va chuyén nd sang mién tan sé. Sau do, ching ta 18y hai channel dé tao ra
phase va bién do chirc nang chuyén giao theo tan s6. Dap trng xung nay la két qua cua viéc tinh toan FFT
thé hé thir hai, c6 hiéu luc 1a FFT clia bién do va phase theo tan s6, n6 chuyén déi ching ta trd lai mién
th&i gian, goi la phép bién déi Fourier ngugc (Inverse Fourier Transform-IFT). K&t qua, IFT la mé phong
clia dang song output cé thé 1a két qua tir mot xung hoan hao di qua hé théng do. Vi bién dé va phase cla
chirc nang chuyén giao déc lap vé&i ngudn, ching ta co thé xay dung mé phong xung bang cach nghe mét
loai nhac pop (khdng chi la &m thanh clia nhac pop).
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Complex audio analyzer: Impulse response

Electronic device

Amp v : v Y - . r v Straight line r(ijsel ar;‘dtfall
L Impulse ) corresponds to fla
g: P BP— amplitude and phase
) , response
Increasing level OQutput is early Output is late - _— -
0 Polarity normal ]
1
Increasing level | Same time .
Polarity reversed ' ' ' ' The value here reflects
o 1 B ) ey ) . ) o ) ) time relative to the
= aec compensation delay
' A ' A >l ' .y .

Time 6.0 ms 4.0ms 20ms Oms 20ms 40ms 6.0 ms

Speaker in a room Reflection is 1.5 ms
Amp [T T T T Y T T T T Y T T behind the direct sound,
- Impulse which is louder than the
10 . reflection. Sharp rise time
1 : shows the echo has
[~ | Rise and fall of the speaker direct sound ‘ i - strong HF content
" _lare not straight lines. Amplitude and phase |~ il \Jl e e
or response of the speaker are not flat | o 7 b e e o P e 1

Includes the compensation delay. Direct ) Additional low level

fiections with weak HF
11 path from speaker is 100 ms e
L I 1 A L A 1 .1 I o > " A L I I | content
6.0 ms 4.0ms 20ms 100 ms 20ms 40ms 6.0 ms

Hinh 12.21 Pap (rng xung

Truée day, chdng ta da thao ludn vé quan hé vong tron gira mién thdi gian va mién tan sé. Do dé
dap (rng tan s va dap (rng xung phat sinh tir cung mét dir liéu déu c6 thé hoan déi cho nhau. Biéu nay
khong ap dung trong trrdrng ho'p trén vi chdng ta thu dwgc dap (rng ctia mién tan sé va thdi gian déu khac
nhau. Dap (rng tan sé la téng hop ban log (quasi-log) cua nhiéu ban ghi thdi gian tuyén tinh c6 do dai khac
nhau. D6 la "téng ho'p (composite) thi gian" cling nhu téng hop tan s6. Chang ta khong thé chuyén déi
thanh dap (rng t6ng hop xung quasi-log 48 PPO. Dap (rng xung that sy xudt phat tir ban ghi théi gian
tuyén tinh duy nhé&t. Chung ta c6 thé chuyén dgi trd lai dap rng tan s6, nhurng n6 tuyén tinh, vay lo lam gi?
Chung ta xtr dung nhirng gi t6t nhat cho tirng mién, ngay ca khi n6 cé nghia 1a khoéng thé hoan déi dir liéu
cho nhau.

Tim ra sau cau tra I&’i trong dap rng xung

1. Thoi gian twong déi: thdi gian chuyén giao qua hé thong.

2. M{rc d6 tuong d6i: mirc d6 chuyén giao, nang, thién vé HF (dir liéu tan s6 tuyén tinh).

3. Phan curc: bat ky driver nao nhin riéng hay driver HF trong ché d6 nhiéu way.

4. Delay phu thuéc tan sé: co/khong rat r6 rét. Hon thé nira chi ¢ cédp do Jedi.(Stars war-ND).
5. HF roll-off: co/khéng rat r6 rét. Xung tron nghia la roll-off.

6. Tin hiéu dén thir hai: tra 1o 1 dé€n 5 cho phan déi, &m thanh tir nhirng loa khéc.

Chi thj thdi gian phan déi hay ngudn thir hai di dén theo vi tri ndm ngang. Thang do doc c6 so do
phan cuc xodn. Gain dong nhét 1a 1 néu curc 1a normal va -1 néu cuc bi dao ngugc. Xem xét sé xay ra cai
gi khi ca hai, gain Ian phan cuc déu thay déi. Hinh dung don gian, + 6dB, phan cuc normal cho gia trj tang
tuyén tinh 1a +2. Nhu'ng dao cuc ctia +6dB 1a gi? D7 nhién, c6 thé la -2, c6 thé bi lam v&i -6dB, ma rd rang
14 khéng (-6dB 1a 0.5). Thanh phan dinh huéng (cuc) khéng phu thudc vao mirc dé, do 1a ly do tai sao
thang do doc la tuyén tinh.
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Toém tét két qua dap (rng xung

W Trung td&m ngang: channel dong bo hoa (da chuan hoa thanh delay da bu ndi bo).
B Bén trai trung tdm: output 1a sé'm b&i lwgng bu thdi gian.

W Bén phai trung tam: output tré bdi lurgng bu thdi gian bu.

B Mrc do bién d6 Ia 1 hay -1: gain dong nhat.

B Mdrc do bién doé tir -1 dén 1: mirc d6 hao hut.

B Mdrc dg bién dé 16n hon 1, hay nhé hon -1: gain mac d6.

B Duong doc di Ién: phan cuc binh thudng.

B Dudrng doc di xuéng: phan cuc nguoec.

B Budng doc thang: khdng co dé tré phase (do tr& doc lap tan sé).

B Dudng doc cang hay bj méo: tré phase (d6 tré phu thudc tan sd).

B Dao dong dang sau xung: tré phase tir filter (d6 tr& phu thudc tan s6).
B D6c doc troi/sut: Dap (rng tan sé toan giai phéng.

B Giam chiéu cao va ting va giam chiéu doc troi/sut: HF roll-off.

Nhirng tinh ndng nay phé bién cho nhigu dap (rng xung. Tinh toan bé sung co thé tao ra hang loat
cai tién cu thé cho bo phan tich. D& xac dinh 1a thang do bién do tuyén tinh khong phiu ho'p va mé ta dac
trurng clia echo, diém yéu clia dap (rng xung tiéu chuén. Sy bién déi Hilbert 1a chuyén ddi ctia dap rng
xung phé bién (hinh 12.22). M6 ta diéu nay rat don gian béng cach |y gia tri tuyét déi cua dap (rng xung
tuyén tinh va thang doc la log. Gap ngugc phan 4m cua dap (rng xung lén va thém vao phan duong, giup
giam thiéu nét nhan dién phan déi. Mdrc do bang dB (lam cho s6ng dé hon) nhung phan cyrc mo ho tror khi
c¢6 ghi chu khac trong man hinh hién thj (lam cho cuéc s6ng kho hon).

Complex audio analyzer: Log impulse response (ETC)

Amplitude (%) Impulse response (Linear amplitude)
-48%

The impulse extends above and below a center base line. Positive impulse
indicates virtual pressurization, negative impulse shows virtual rarefaction

-24% Same peak shown in both impuise
and ETC responses

Oms 20ms 40 ms 60 ms 80 ms 100 ms 120 ms

Tim
2 ETC (Log amplitude)
Amp (dB)
The energy time curve has a minimum value of zero, and never extends below the
base Ene. Positive overall energy value is shown for the transformed value of
positive and negative impulses. ETC log scale emphasizes the slope of the decay.
Direct to reflected energy can be read directly in dB.

18 dB/div

0 ms 100 ms 200 ms 300 ms 400 ms

Hinh 12.22 So sanh dap rng xung log va tuyén tinh (do SIA-SMAART cung cép)
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12.12 Bua bd phan tich vao hoat dong --

Putting the Analyzer to Work

Bién d6 chirc nang chuyén giao tra I&i cu hoi vé tang hay giam ca hai, toan bo 1an theo tan sé.
Phase tra I&i cau hoi vé tan s6 dén lic nao. Bap (rng xung dap (rng chinh xéac sé xac dinh thdi gian am
thanh trurc tiép va phan doi. Gan két canh bao ching ta khi dir liéu bi nhiém tap am. D6 1a rét nhidu thong
tin chang ta co6 thé dua vao xir dung that té.

Dap (rng xung la céng cu dé thiét Iap delay va xac dinh bé mét nao gay ra rac réi nhéat. Hy vong
chiing ta dugc phép déi xtr véi no. Dap (rng phase l1a chia khoa dé két hop loa v&i nhau & crossover: hé
phu dén hé chinh, MF @én HF va con nhiéu nira. Dap irng phase ciing cho thay su tuong thich gitra nhiéu
mo hinh loa khac nhau. C6 thé n6 gép nhau & tan s high nhung con midle thi sao? Cé nhirng filter vé
phase chuyén dung cé thé gilp viéc nay.

Bién d6 chirc nang chuyén giao gilp nhdm hudng, gobc mé va khoang cach t6t nhat. Ching ta do
mUrc dd trén truc roi so sanh nd véi mire do tai nhirng vi tri quan trong khac. Cho loa don, chiing ta so
s&nh phan doi trén truc véi canh ngoai vung bao quat va di chuyén loa cho dén khi tim ra khac biét nho
nhéat. Cho goc mé, chlng ta so sanh tirng mirc do trén truc riéng tai diém giao gitra nhirng cai loa. C6 thé
diéu chinh goc dé giam thiéu khac biét. Thurc hién khoang hé theo cach tuong tur. Di chuyén loa ra xa cho
dén khi mirc d6 & diém-gilra phu hgp v&i mire dé trén truc cho tirng cé thé.

Khi EQ, xtr dung chirc nang gén két dé Iira chon nhirng rng clr vién t6t nhat va nhirng nb lyc do
sé t6t hon khi thir nhigu giai phap khac. Sau doé, bién do chirc nang chuyén giao sé cho ching ta thay
nhirng peak va dip can diéu trj va da EQ no6 ra sao.

Nhirng tinh néng trinh bay & day hau nhu chi biét téi mot phan rét nho cla tinh toan c6 sén trong
FFT channel déi, huéng gi la toan bo thiét bj phan tich &m thanh hién dai. C6 so d6 Nyquist, dap rng
Cepstrum, phan phéi Wigner, do thj theri gian am phé, chirc nang diéu ché chuyén giao, tinh toan cudng
do, RASTI, STI Il va n6 chay khéng ngirng. Mbi trang déu chira théng tin va trinh bay doc dao. Khéng co ly
do ky thuat dé loai trir n6 khoi thao luan & day. Toan hoc dang sau no co thé hoi giéng nhirng &m thanh
ma chung ta da dé cap chi tiét. K&t luan cua t6i, ngudri hanh nghé t6i uru héa hé théng trong hon ba muoi
nam la ching ta khéng can n6 dé chung ta dura ra quyét dinh va né da da phire tap roi. M6 ta nhirng chire
nang co ban sé cung cép du cau tra 161 dé dat EQ, delay, mirc do, tiéu diém cua loa va noi dat soi thuy
tinh. Nghé cua ching ta 1a thuc hanh, khéng phai la nén tang R&D. Piéu khién giai doan t6i uu héa béng
chirc nang phan tich FFT co ban: dap irng &m phd channel don, bién do chirc nang chuyén giao, phase,
gén két va xung.

12.12.1 Nhirng b phén tich tin hiéu phirc tap khac

FFT channel c¢6 dinh PPO (Constant Q) s& hiru thj trwd'ng dé t6i uru hoa hé théng. Bay la bé phan
tich tin hiéu phirc tap duy nhéat, xir dung trong tour Iiru dién. Van con xir dung vai nén tang thay thé cho
viéc l&p dat 1au dai, mac du thi phan cua né tiép tuc giam. Nganh cdng nghiép da tiéu chudn héa chung
quanh FFT nhung khéng phai luén nhu vay.

Lyra chon quan trong nhat 1a gia dinh "calculated semi-anechoic response". Bo phan tich nay ¢
gang ndm bét dai dap (rng &m thanh trure tiép clia hiéu irng cdng &m phan déi. Ng&n hiéu irng phan doi
béng cach loc trong mién tan sé hay th&i gian. Dap (rng ¢6 tap &m I&n hon FFT nhiéu, vi da |14y phan déi ra
(trong bé phan tich, khéng phai phong). Biéu chinh mirc d6 dé bep phan doi dugc, cho phép ngudi ding
dua so lugng trong phong 1én xudng, khi ho thich.
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Richard Heyser phat trién khai niém nguyén ban nhu dm phd tré thoi gian (TDS- time-delay
spectrometry) va san xuét thanh TEF™. Bé an co ban la: Song sine quét di Ién vai ty I& tuyén tinh bat bién.
Filter band-pass theo d&i quét cling ty & v&i nguon, diéu nay sé thiét 1ap tinh huéng sau: B phan tich chi
gtri (va nhan) tirng tan s6 mot. Ca hai déu dang di chuyén muc tiéu. Ching ta xép hang né bang cach
delay filter theo th&i gian van chuyén t&i micro. Khi phan doi tir mét tan sé di dén micro, n6 gap filter wu ai
am thanh tryc ti€p cua mot tan s6 cao hon chi mai vira dén. Cho phép 4m thanh truec tiép vao trong. Céi
nao dén tré sé khong duoc ngdi. Bat ky phan ddi nao cham hon téc dd quét sé bj triét tiéu. D6 quét nhanh
ngan chan nhiéu hon phong nhung vai gia: dé chinh xac. Khi dé chinh xac giam, chiing ta sé mat nhiéu
peak va dip do phan doi. Con dudrng trurc ti€p dugc lam min hon (bao gém flter EQ).

B& phan tich &m thanh trinh ty dai t6i da (MLSSA-maximum-length sequence sound analyzer) nam
b&t dap rng khéng tiéng vong mé phong véi ndm bat mién thai gian: dap (rng loc théi gian xung. Loai FFT
c6 thé dao ngugc, co thé chuyén déi thai gian thanh tan s va nguoc lai. MLSSA nhan dugc dap tirng
xung ttr ngudn tuan hoan da biét, c6 chira tat ca tan s6 trong mé hinh khong lap lai da tinh toan (trinh ty
dai t6i da). Xung bi cét ngén, nghia la tat ca gia tri vuot qua khoang th&i gian da chon, dugc dat thanh 0.
Néi I&i tam biét v&i phan déi! Nh¢ lai ban chat tvong quan clua tan sé va mién thoi gian. Echo trong mién
théri gian hién thi nhu 1a chai trong mién tan s6. Ngan chai gitp lam giam peak va dip trong mién tan s6 va
cling giam do 1&'n cia nhirng phan déi da hién thj trong mién thdi gian. Do 1a nhirng gi ching ta sé thay
néu ching ta bao phu tuérng bang man. Néu cét bod echo ra khéi dap (rng xung, dap (rng tan s bat ngudn
tur viéc nay sé khéng con chai. Co Ié ching ta nén xtr ly tudng (va chi phi it hon). Chi phi la d6 chinh xac
tan s6 (Ian nira). Chang ta loai bo cang nhiéu thai gian ra khoi xung, dé chinh xac cang thép.

Nhirng hé théng nay cé thé hién thi dir liéu c6 vé cao hon diém FFT ¢6 dinh do chinh xac cao rét
nhiéu (vi d6 chinh xac thdp hon). Dir liéu sé gan giéng FFT néu ching ta quét cham hay cét xén mét it
xung cua hé théng nay. Nhurng rdi chiing ta dang méac ket véi do chinh xac tan s6 tuyén tinh (loai FFT ¢
dién, khong thay tir nam 1991).

D43 c6 nhiéu tranh luan vé bao nhiéu phong dé méc do ludng. Phuong phap tuyén tinh (TEF va
MLSSA) c&t mot dudng thang theo thai gian. Phuong phap PPO FFT c6 dinh phu hop véi dap irng am
thanh ty I& log clia chdng ta (phan 5.3). Thij trud'ng da noéi l1én, do do, khdng can phai tranh luén nhigu. Co
mot diéu cubi cung dé néi vé nd: Quyét dinh dang 1am nguy duy nhét gitra nhirng nén tang nay la dudng
cong EQ va xac dinh van dé phan doi. Tat ca hoat déng t6i uu hda khac (cai dat huang loa, goc ma,
khoang céach, dé tré va mirc do) vé co ban déu giéng nhau (néu ban biét cach tim no). EQ sé trong khac
nhau va mét trong nhirng hé théng nay sé bao dam ban thay tao ra nhirng van dé béi phia trudc balcon.

12.12.2 Hé théng phan tich -- Analysis systems

Chi b6 phan tich hoan hao théi thi chuwa dd 1a cong cu thyre hién t6i ru héa. Hé théng t6i wu hda
chuyén dung chira t4t ca moi cai can dé truy cap vao hé théng am thanh ma khong gian doan dong tin hiéu,
thém hum hay tap &m. Chung ta can truy cap vao ca tin hiéu mdc line 1an micro dé so sanh va phai bu
delay dé delay goc tré va truyén tin hiéu am thanh.

Tinh nang cua hé théng phan tich

B FFT channel doi 24-48 diém/octave

B Am phé so véi tan s6

B Chirc ning chuyén giao bién do vai tan so

W Chirc ndng chuyén giao phase véi tan s6
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B Chirc ndng chuyén giao gn két v&i tan s6

W Déap (rng xung

W Giao dién murc line dé chap nhan tin hiéu input dién tur (trrére xir ly)
W Giao dién murc line dé ch&p nhan output dién tur (sau xur ly)

B Giao dién preamp bang micro

B Delay-line ndi bd cho nhirng tin hiéu dién tir c6 dé chinh xac t6i thiéu 0.02ms

M Micro tham chiéu tuyén tinh da hué'ng cao cép.

Typical field conditions for acoustic measurement

10:50 AM: Rain

THwr

Flame thrower \ Gas powered blower

Hinh 12.23 Khi ching ta bat dau thiét 1ap, khong c¢é ai trong tam nhin va yén tinh tuyét déi. Vao thoi diém da
san sang do dau tién, ching ta da c6 hang chuc céng nhan trat vira, d6t Icra khi dé 1am néng gach, may théi
khi @& lam sach bui ban va dung cu cat gach. Day la thi du minh hoa vé thoai hoa gan két "khédng nhan qua".

Kiém tra sé cung cép kién thirc vé hé théng cla ching ta nhung chura bao gi¢r chira dugc bénh
n&o bang chan doan mat minh. Phac d6 diéu trj va bang chirng vé anh hudng ctia nd bao gdm trong phan

con lai cia sach nay.

@ Sound & Lighting
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Trap 'n Zoid by 606

These analysis systems
are too complicated, Can't
we simplify things?

No. Do go on.

How does it simplify the
tuning?

It gets rid of the
complicated stuff like

Delays set to 2.7ms
sound the best.

phase and coherence.
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