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The Physics of Sound

o 22| (Sound)= SR™M X7t TS0 S7[2t=
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=T 42| ool BHE 3= (the number of cycles that a
vibration completes in one second)
22|8] =H0| (the height of a sound wave, i.e., amplitude)E
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FhtsE T (BT lambda)@t D= 22| 2HA|
= v/A (V'— o AI- _+_E 7\‘_ J_L|.XI-)

C

V,
g THRl= Hertz/Hz & cps (cycles per second)

X H ¥ IFSHEX IE o|ojgt

UHtM o 2 ALEO| W == Qe Fats = 2F 100Hz~6KHz
AtEO| 7bY Fht=CH= 2f 20Hz~20KHz ALO|

A|—%F9| 7é7l-0 1KHz~ 6KH20”A'| 7|.XI- I:I|7I-o|-

At2to| 7bM FOILlE QL2 (Audio)2tD FESIN, AREE

ME2|gt= A0| LLRE XNeE|shs At 2t He 42 S




The Physics of Sound

a

} (The pressure of sound waves in the atmosphere)
1ol ZIE AN H o ZRR 0] RIS S|0otH, T%=
Al /A K= 22| M7|2F Bz At
9| M7= 28 W30l HE2 B, & Logarithmic scale
#H(dB) ¢ = H™E N = 20 log P1/P2
/P2: the two pressures to be compared
the number of decibel
=% (Common Reference Level): 0.0002 dyn/cm?2
o 217t0] 1000 Hz EL &2 &8 = JU=H B3 %A 3%
= Crefot 22|52 TE (in dB)
20| I:lf*E*7‘|E|" a2, 89| &4l L2/ : 10 dB => reference
level2| 10 HH
1 0/ HE2|o|lM LA el Ciz) 40-60 dB
100 U\E1 7 101|A1 O|FA| HEATI 22]: 110-140 dB => reference
level2| s=H
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The Physics of Sound

a
= ME|HOZE LIAX|= §2| FLt= (The psychological perception
of frequency)
w AlZ|EO|T ZMEOl SIE F 2t
= &2 HX| (pitch) - E HE¢
O
» 29| F 2X0[0f 25 =/HZE (Perceived from both
amplitude and pitch)
= 22 OX| (pitch) &2l= Z8SHA =8
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w MAHHOI A2|9] M7Z (The tone quality or “color” of a sound)

m 22 39| Z0|(pitch)@t M| (loudness)E 7+Xl & 7Ho| AE|E
T2 XA g O &2 4TS HF5h= Ho|2E 1 ER2 49)

ADSR Envelope

o http://en.wikiaudio.org/ADSR_envelope

= ADSR (Attack, Decay, Sustain, Release) - A|ZH0f| (2 S&FO| M3}
Attack — 2|7t A|ZHEl 2 230 AKX 2ot O HEl= At
Decay — £| 1 2f|' RO MEEf ZA5}10] Sustain0f] = ESH=0 AT A2t
Sustain — 2|2 7|7} ZAE HEfZ X[&Sk= AlZ
Release — 2=2|2| Ttako| ZO|E &H
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AALZ2 decay
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The Psychology of Sound (Psychoacoustics)
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The Psychology of Sound (Psychoacoustics)

SOUND|  |SOURCE

o XS (Reverb) vs. 22 (Echo)
= 0] 5o X X[HAM
HEXOA 2o =S SUEE My
(random delay of sounds, at < 35ms)
o L 22| BrEHol 23
(evenly delayed sounds, at > 35ms)
o 22 (Noise)
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Complex Sound & Fourier Analysis
o RE22 A 252
w 27| O E FhoteE 71 A2[EE 74
= S22 74
7|28 (Fundamental sound): basic frequency
Bi-S (Harmonics) : multiple of fundamental
of : 7|28 440 Hz -> HiS 880 Hz, 1320 Hz, 1760 Hz, etc
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= Digital audio : OF2 21 HE|Q| AFREE C|X|EH3IAZl A
= MIDI: TA7|QF CHE 7| A(AFE)ZH| BEE =10 27| |}
2= &4 protocol

» Non-verbalQ| OflA| : ‘The Sims' A 0N 22aE|, St A2,

o = =
2= A, 55

= Text2CH EE W22 o537 g1, 255 UA HEE =
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Sound Effects

Sound Effects

o g2 MY A, ZRSHALE EXS=0| AtE& O
o Y3tLt TVO| A, CHotL) 22 Q10| Hi AR IE AR L w 2|0 ElAl Aol S S =obE (Of: H™Z[7t = O,
SY oLt 482 B0 HuY o e (4 22 B SIS, Aazk S el HE AT e
Che AR ZAL AR| H QL Az ZAL S 5 & a| (sound spatialization2 Sl)
T %S o (22 32tvs. B3 37
0 Ak E O|HE &= XAH Ql(natural) 2 10+2t O Sts vs. & 502 E2)
E“SE._'(synthesized) __§_J__'|'§ L—l“'E! O (_I?_E/_E__?_ 7| )élj)é—)i Al)
O action (E&3)
O (Rt A AEL A2))
O (= vs. S CHEQ E2)
= Ct2ez 2E8A EAS)
o QO oY - ARE S22 =M= O|0F7| & d4et
= AUS
Music Music
o dE MY A, FE E297]8 =85t o AHE8E O (Y 2EHY)
o CHEO =2 AR 7ts B o
o HE|IOICIO MENME Al 2H0l 2IHE R 7|L ZH O ("=, dynamics)
Mah Z4™o| nx) MMEt O (2|5, dynamics)
o MESHAH AL E|0OF & - FH2E o =HSoh
O (A I, rhythm)
O (22 AEY/period- e.g. classical)
O (lead-ins, segues and overlaps)




Music

c

o %QII-% A|-_9_'c'>'|- Al __ILE:I'(‘)'HO': (=13 I—I%.
u (HICI2 A oM AH O S (music), & 21t
(sound effects) H{ 42 (ambiance)S MEHE X| & A= 1t
n Aol x£7| 221718 €4 (AL, X gameplay
QF LX|SH=X| ZASHA MEREZ[OfOF T
" HiE =<
n . 348 At(themes), Ol: 578 FHEEHE —r| ot 29 H|0O
" Aot R2[E 25| 2/ MHEsE BY
n (oF HO| 3YS EAWPE ot7|12|
Z2 (0: classical vs. techno).
ESH o el 394=0| KMoz S2k[0of &
n MER O|HEE Zng, of: ZELoM MEZEZ HHE If
n (lead-ins, segues between scenes)

Digital Audio

o OFE2IYE | AF2ES CIX|EpAZ A

o 20 A Y= HE 0| oy
o 5% (D2l 32 =2 39S ?ISHA ©F 30 MB7t
2ed
o Atgz=td
] *f fo| ZAag|7t EXfdtes 8%
Tt SIEQINE &8T5 Mojg &= gl 8%
] I:|7(| HotE ode Mg = Ue AFH 20| X[YE = 4%
(M2, StEC|AZ, CPU power)

MIDI

o ©A7|eF CHE 7| A(FHH) 0 BE
o= &4 protocol

o 2A a2(s X G AT AFA|Z|0f Cf ot
HEE 718

o3& =9 0|C|3%E =7] s 2 8kB7t Had

o AtE2HE
« Aol 22807 Te gl B2
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Sound Design

O Multimedia Production0|A{ Audio Media2| 9gt

= Sound parallels picture : 2L|2 QA7 AH QA9
ZeB10] SES ML 12 3 SLIAIE A8 Gt o
58 TS BNNOE B (540), EAS), 2k T o
Zo| AFRET} IJ—HE—).“_'E Hols Mol ROl TF mba|Alo| =
7| O|C|of & S MERHM 21HE HF S

= Sound defines picture : AF2E= S0[si{A F4AIA 0|O]X| 7}
QAL RICH MO MME (ZZAZ|L Aj22))

m Picture defines sound : AFRE= 29| ZXICHE A
(HIHIZ K& AHLER ZEE2£ crashing wave soundE 218)

m Sound counterpoints picture : 2HH = JEE 717 4F
OIC|o 247F St MAM StLtel DIy gazs HEd =
O-I'— _‘é‘_J_'.E AHA‘loI-( - 11:25)




Silence
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M (Silence "is deafening”)
o FE[OIC|IO| XH4O|A Of =20t AFREZ
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o 8A (Silence)= FEE HHst= O At = 1
ot BHYE Qs =72 M = US

o GM0| X[EXo = HHOI HHH| 2O XHE2
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Sound Production

o =& (Sound Sources)
= Production libraries
= Internet
m Recording (Foley/collecting)
= Sampling (copyright)
o 2L T2 APIs
= DirectSound & DirectMusic : DirectX APIOf| &L}
= OpenAL: ZE| EHZFM AE7Zts
w 2tO|MA T Z @3t 3rd party audio-libraries
Miles Sound System ( )
FMOD ( )

Sensaura (for PC, Xbox, PS2, Nintendo, ...)

Sound Production

o AY 2| Z2IYS ?IS AP

= Low-Level API
2D AF2EO| TSt 7|2 S%E
3D AFRE0]| O3t 7|2 SE D
2D BXZ MOHEO CHst 7
Hardware 7|5 &2

= Mid-Level API
PCM wave It 2E 7|5
jg2sf orC|e ot A=g|Q
Sequential music segments&& 7 ¥(queuing)dte 7S
Sound Resource Management
Sound Load/Unload L{ & &t2|
One-function loading and playback on demand
\I;!vancg\le multiple compressed audio formats, (including Ogg Vorbis, MP3,

play, pause, stop, pan, volume, ..)
F MO (position, velocity, ...)
|2 S (play, pause, stop, ...)

|
f

Zt= 235F @ H0]: environmental reverberation) X| ¥ et
u High-Level API

Script parsing and loading sounds 7| &

Creating a high-level soundscape system

Creating an advanced dynamic musical cueing and transition system
based on the audio scripting system

Sound Production

o Y4 (Mixing)
n O FALX| & 7|ASHAH (e.g. tape vs. cd vs.
cheap speakers vs. surround sound)

n (reh

n (A2 7| AHREE AFE)

= (AT I 6{2] 72| CFHE “loudnesses” & AlZ8iE A)
|

n —ie, AUOIM HAE & O{2f 742

MZEet & HAESE A




In Your Game

o = Q0] ZH&SI A} of= A Q1 7hY H|oHAM =
Mo 2 2T 848 AYE Hor=Lt

o= 4t

o CHE AHEOIA O A S 2dA7|2

= of Ol2{3t 84, St m T}, S210| Y=X?
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Audition

Temporal bone
|

| Mallzus Sernicircular Canal
e
i -

H

Cochlear nerves

Cochlea

i
Tympanic
- membrane

Auditony tube
{ \ o
| Middle ear 8
| Cawity
[

Finna (’auncle) Stapes (in Cl)val inclow)

http://www.infj.ulst.ac.uk/~pnic/HumanEar/
Andy's%20Stuff/MScProject/workingcode_Local/EarChapter.html

Auditory System

o

m 2|0| (Outer/External ear) : &2|°| =¢l1} T=

= 30| (Middle ear) : 22|12 215 HEE &5 ™% (action

potentials) 2 &

= LHO| (Inner ear) : |7t HAHYEE Mg = JA=E AME 1
o = H&Z

= HZ}Z (Auditory pathway)

= HZtO|E (Auditory cortex)

Auditory System

o 2|0| (External ear)
= Lol 7| ME|2| 7|5& =¥ : capturing, focusing,
filtering

= 2lHHF (Pinna)
NHR O] YEl= 0|2t LHolof ML= 2252 =
K|t grakof CHot BHX| HEE H3E

= 2|O|% (Outer ear canal)
o|=s 1Y AALO FE Bt LFET 2
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FX
= 18 (Tympanic membrance or Eardrum)
NsHEE F0lof M




Auditory System Auditory System
cochlea—
o 50| (Middle ear) o WOl (Inner ear)
w B FZZ(Ossicles)tt HE 2N A= 2FZEHE 74 = 22EMENDE Hets (5, TE e g3 T e
s A20HX|e] HE & BF Vs Y w 2+22ZF (2HO|2: Cochlea)
m &3F (Ossicles) : &= (Malleus), &= (Incus), &= (Stapes) HZE 4mm XS 42 20| 35~40 mm
19> E=Z (hammer) -> &Z (anvil) -> 53 (stirrup) -> LHO| 2] HelE (oval window) : 22 (cochlear fluid)2| Tl5& |t
SHHO|2H(Cochlea)l| A% (Oval window)2 2 A2|9| ME Qt ool ZE L CIA| 7|X 2 (basilar membrane)2| TES
ASIBOR AR T A2 (UESHE)E UM L FESIA O] TE2 7| X2 oM Ol
22|20t 208 0|4 BE0| 7ts 71Meo| T2 8§82 ME (hair cells)?| EEX| 1 HX|&= &S5
OHOF A2|7} B 2 Z2 28XE0| IES ZAAF|ALL TSI 2FTRI7F Lo
OFStA| 27| LHE 1= k242 27| LHE X0 EX|E
n AEE AE5HE 2719 28X E = 121 (High pitches) : at the base of the cochlear (near the oval
DA (Tensor tympani) : 221 12H0] 245 0f Qs o2 wdow
Lfolo| 87| MESES XX 27|90 22|22 2ol © M8 (Low pitches) : at the apex
S=T (Stapedius) : =0 & L0 A= A2E 50| Lje
HEtH ol A28 AN
T () mamerim
. ?::) Q medial geniculate by . .
Auditory System 5}8 e 3D Sound Localization
§)/0 Pt
o B2 (Auditory pathway) U0 o & ?IX|=kspatialization)| d2[=)
Qtezto X 7to| EAXO| A|E Qe otQ| C
" |-_'_ _|O oo ! | e | - " Anditory Pathway o o Ol '—I-A-I
otezt2 HZMF (Hu=Z)ar 9 m O0|Zt A|ZHX} (Interaural time differences: ITD)
SIHOZ A2ACIMIAM 2ME FE7H K ZE TEE = 0| Zsts A3|0| A|ZF XFO|
XAl . o
s ers . N = YO|ZF Z =X} (Interaural intensity differences : 1ID)
2s U9l 2 S 55 LZ (temporal cortex)0ll T 02| 2 013 shadow
27| LHE &/l 22|= mEe 47| e REez HMEE MNZEOECH DO O YsEe dre
2|7t EY% 90| X|H 4R0l= &5 O|& 0|29 RE: Al74 0
4ot o dgd
= St (Inferior colliculus) w FO[ZH A[ZEAtOf BHSSh= B R
Auditory reflex2 Eg E’éoﬂ (%tg%*o*l?i* &HX| 7| (in;:argurﬂ}time difference detector)
- x.|7|.7(|.0H (Deafness) =X - LEX O = 800 msOf| 71 RIZHE
ee i ) = Z7HAO| EX O|X|0f HISBI AlZ
Conduction deafness, sensorineual deafness, central deafness er-oe— e —oTls e




Vertical-Polar Coordinate System

Coordnates

g: azimuth (angle between the nose and a plane containing
the source and the vertical axis 2)

f: elevation (angle between the horizontal plane by a line
passing through the source and the center of the head)
r: range (distance to the source measured along this line)

Azimuth Cues

O Interaural time difference (ITD)
= 5 ol Z=5t= A2|Q] AlZt X}O]
= Azimuth angleO| 02 I ITDE 0¥ - &, SYO| HE2[o &ZF
Y0 |Xotn ASS 2lojg
m ITD = (a/c)(q + sin 0)
a: the head radius
c: the speed of sound (~343 m/s)
0 : source azimuth
o Interaural intensity differences (IID)
» 5 Ol ==25t= A2|e] MZ] A0
= Ol 7Pt =8 1 ZdEo 228 &
» DFI} (>1.5kHz) 22|18 ZX| 7ts8
= NFIE= ITDY| 2lsh F2 X E

Elevation Cues

o Different reflections
= Qo|o| HILHH 2 2 215t (55|, RHHF), elevation angle THE
- S0t HFROf BEALE|Of 2 A2|2 H3toj| Xto|7t M
= MFXel o2 /oM S| ACHH, S0 FHO| A= A0
H|5tO] AE5| CHE BIMEEE 24 Y
o Different amplification (and atte
w HIANS S ZH0|| 2 AOf QlsiA Tt
» O Fot0| A2|E TE(amplified)E| 2 CHE HAE2 22
(attenuated) &
O Pinna provides the primary cue for source elevation

o GF AL =1 O 0| 227t 0|0 =ETHA &= HHAL
F=0 get= 0y

5 ArkE

uation)

-

Elevation Cues

Source I
above

Source
in front




o Perceived loudness
7|0 LT S HEE 0|8
slojst Atolal 42| (YEHH 2 2, high-energy sound source)=
Ho| e HoZ “/AH

Atol A 2| (YEFE 2 2 faint sound source)= 7H7H0|

HMFE X7 X10|H 2219| azimuth EeF0| BH|= A

& motion parallax2 XMS8tCHH SR 0| 7H7t0] Yl= AE 2|0
o Ratio between direct and reflected sound

HEZ9 oHX|= SHR2ERH AHE| (range)2| A=01 H|2[SHH

7|-)\|'6'|-

[ e o |

BEARZ Q| O 4 X|= #El(range)Oll M2t 2 B2t7t @IS

b

ot

To| HEHE 0f2f 4

ALIAHZRE WMEZN 22 2] BhA

Holg=o #&0f &2 Oto|37 2|5

olof =& = Ho|E A

LEA SE : Head-Related Impulse

Responses (HRIRs)

Z2|0f| #H2h Head-Related Transfer

Functions (HRTFs)

o 7H7HQIE = XpAIDEO| HRTFE 7HA| 1L
U= (ZY, ear print 2t 5

o Crystal River Engineering Inc
Beachtron, Convolvotron,
Acoustictron Audio

O HRTF-based spatial audio system
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= 0 O] AJAES J9lo] HRTFE J|groz
) T T g0 3x4e 27t Abo| 9JX| o
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DB2}5H0 g & 33X 2L
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O Echoes®} room reverberation2 ALY
AZ 0| REZ ARSI FItg

A O]

o
T™ AT

O http://www.evl.uic.edu/spiff/class/cs426/Notes/Leigh_So
und2005.ppt

O

O Chiptune music http://en.wikipedia.org/wiki/Chiptune




