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The Physics of Sound
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w R A2 OOl HHE 2l (the number of cycles that a
vibration completes in one second)

w 22|19 ZHO0| (the height of a sound wave, i.e., amplitude)&
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The Physics of Sound
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! (The pressure of sound waves in the atmosphere)
10| 7|F= MO M X DF- K| e AHE|E 9|05, =S
oA SRR 22 o s
L '9 N7l S¢ Bsto| HIEZ B3, § Logarithmic scale
QA2 (dB) a2 = FHEE N = 20 log P1/P2
P1/P2: the two pressures to be compared
N: the number of decibel
= 7|F &% (Common Reference Level): 0.0002 dyn/cm2
B 2170 1000 Hz 2L 2 58 + JU=H 2% A 3¢
» CHYSE 22| F2] &% (in dB)
Q0| HfAZIHE| = A2, Z8Y| &4l& 22| : 10 dB => reference
level2| 10 HY
10/ A2l L=l Chal 40-60 dB
100 '3\51 713101“1 O|ZA| M EAME 22|: 110-140 dB => reference
level| <=HHTt HY
HAst7|0| 18222 A2 140dB
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The Physics of Sound
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» ME|HOZ LIAX|E 89| Fht4 (The psychological perception

of frequency)
= AE|H0|n ZYHel ButE S
» &2 TA| (pitch) - & Had

s 29| MEN =50|0f Q5| M =IHE (Perceived from both

amplitude and pitch)

= 22 IOX| (pitch) 22|= &5 &

a
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» MHAOQI A2|9] M7Z (The tone quality or “color” of a sound)

s 2t

Z2 29| =0|(pitch)2t M 7| (loudness)E 7HEl & 7H2| 22| E
T2 XA g (o 22 A4S HFSH= HOo|Z R 2R 49)

ADSR Envelope

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

= ADSR (Attack, Decay, Sustain, Release) - A|ZH0f| (2 S&FO| M3}
Attack — 22|7F A|RHEl 2 X0 ™K =S O Z22l= A7t
Decay — X/ 10 O MEE ZtA3}0] Sustain0f] EESH=G| Z 2 AlZt
Sustain — 22|12 A7|7} HAE MEJE X|&55H= A7t
Release — 2~2|2| Ttato| ZO|E =F

= EF7| vs 7|
EfOL7] = attackO] TS OO, BB1 $O47|E attach0] 2T 2ABHSH
AALZ decay
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The Psychology of Sound (Psychoacoustics)

O Psychoacoustics2 222 21X 2F AFEIO

FoHo=z L= HSS OE

» 2P0 f2(0 Bes UMYz dEF=

dhnl
o

A

O
o Alljest

= [=]
B DG FAOA 7S HA

| |

P
N
rt
>
ojo

kg

W) L 5
/ //_\\\ \\ {/(/:




The Psychology of Sound (Psychoacoustics) Complex Sound & Fourier Analysis

o Xtk (Reverb) vs. 2 & (Echo)

. = o] o 2IXHM
HFXto A 2(2f e SUHoz M3y
(random delay of sounds, at < 35ms)

! £ 220 B0l 2
(evenly delayed sounds, at > 35ms)

o 22 (Noise)

» BE RO A He 22
|

22 (Fundamental sound): basic frequency
% (Harmonics) : multiple of fundamental
7|28 440 Hz -> H{S 880 Hz, 1320 Hz, 1760 Hz, etc
: 7|%%ﬂr SOl ATHY ZEs SMS B
Ofl : 5ol 2 2le| 42t mot=2of C4
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Sound Design Speech

N 0 HEES MYSHs Tt 0 S oLz, 242
AMESHH HEIFE O &2 e JEE = UAS
= S8(Voice/Speech) : 21712 FO| K= 7ol SO HSHINA o C|X| ot (dlgltallzed) 281t 2Hd(synthesized) &
L= Az E
= 28& 1k (Sound Effects) : 2tC|LE TV, Y3}, 2 S0 2E Q! o
2742 Lf7] 9loh A ote XK O|7{LE 1Bl Ap|o| A4S 0 * | - o
71 « Non-verbal®| OJA| : The Sims 0[N 2843, sH4 A2,
— | sl
= 29%(Music) : 22| AXHE 3}0] BIX}, M8, 3}, SM 52 o= 4p EE
AFHS YA FAC 2 THM Atdut ZEE LIEt = oS -
- « Text2CHHEE W23 o3| 41, MSH 2 HLY &
0 e
O
= Digital audio : Ot 21 HEj2| AtREE C[X| E*EHl A = A ZHO] ZEOIE S0 o, Y, e 5)2 WEY =
= MIDI: ZXtet712r CHE 7]l .:..,.,.E-l),7_+01| YEE T4 27 o U= &t (non- verbal%I |2t Zhs e - Ofl: Knights of the

= &4 protocol Old Republic)




Sound Effects

Sound Effects

o & Y Al ZRSHALE EX5H=0| AHE S O
o G3tLt TVOIAM, CHstLl 22 S10| Hi A Z 02 AR | Of = 2|9 BUA| SO S EotF (Of: HI™Y|7F = I,
SH MALL A4S B HMZL U MY (0 B2 & U9 O, A7k RS HSl M E AT 2)
Cho AR, SAE AR H QL Az ZAF HE 5 & O (sound spatialization2 &S5l
= UAS o (g2l 37t vs. Bl 37h
o AF2E O[HE= XtAH Ql(natural) 21k} o (Bts vs. 2 £0 A2)
2td =l (synthesized) 2 t2 L& 0O (BC/29|7| MM Al
O action (E23)
O (RrsX AT A2))
O (H=vs. S8 OfEQ 3%)
O L2222 REEHA €45
0 Q0L I - AFRE Z2tF2 &M= 0[07| & ddd
= AZ
Music Music
o 2 JE A, FE EQ7|8 g5t O A8 O (& 2EFY)
o CHEO =2 AL 7ts Bt =
o HEIOICIO MENE Al 2H0l 2IHER7|L & H O ("=, dynamics)
Mah ™ol nx) MMdst O (2l &, dynamics)
o MESHA AHEE|0{0F g - FH2E o] =S
O (R Z, rhythm)
o (22 AEFY/period- e.g. classical)
O (lead-ins, segues and overlaps)




Music
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o2 A8 Al TEfsH0} ¥ HE:
cHICI A QoA AR o S (music), 2 &1t
(sound effects) H{ Z S (ambiance)S )‘.JE—“%F X Z278st= 0ty

n AYel =7 29I71& &9 (22|, 2H gameplay
ot LX|St=X| ZalStA MEHE|0fOf &
HiE =<
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s 0o

: . 4 AbA(themes), O: S 7 2/EIZ 9Jzh 29 B0}
- Aol L2/ 23| 2 s 2o
: st Ho| 2ot2 mARLE 27|o]

Z 2 (0ll: classical vs. techno).
ot o 7ol 8YS0| HSEHoE FHE|0ofF 2

S MZ2 O|HIEE Zgh of: SN MFEREZ HHE Of
m (lead-ins, segues between scenes)
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Digital Audio

o OFZ2OYEN2 A2 EE CIXEAZ A

o HS0 S| i e B2 80| Ead

o &% CDFZE2| 37 &2 A4S ?UsiA < 30 MB7t
z2ay

o AMEEHE

« MOl 8427t ZXote B2
s QIFOHs SLEQOIS Y| HOT & gl BP
- CIR|ZotE U2 Mels 4 s ARE B0 KYslE 42

(MZ22|, 3t=C|A3, CPU power)

MIDI

o MA7(eF CHE 7| A(FHH) 0 BE
A= &4 protocol

o 2H A2= AX| a AFEEHI HAFA|Z|0f Cit
BEE 73

o 3= dkEo| 0292 =7] |5 oF 8kB7} Hast

o AFE2HE
= AR FAZ|I7ER Y= 4%
- BiR2|L} SFECIAZ0| 20| 258 ZSLE CPUO| K2 S ET}
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s Ho
= 2 MIDI AFZE S8&(sound module)g #11U= 8¢
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Sound Design

o Multimedia Production®A{ Audio Media2| &gt
m Sound parallels picture : |2 9__/.\_7} AN 9 A9}
Agtst REE WE5t A4 F SHLITHE A8 R
HoE ND2 enEoR o (Bae), (fEAe], 1klo] 2/
AlS oSt Mol ZholM Tt I A o| &
of MEEBHAM 20 =2 SOig)
n Sound deﬁnes picture : AL2E+= S0[8fAM F4IH O|O]X| 7}
S 2ot Fof| WEE (FEa|L ML)

m Picture defines sound : Af—r— L J2lo| X2 s
(HIHIE XK= AfLI2 £33 = crashing wave soundS 2 7%
= Sound counterpoints picture : ZHH Sl HEE 717 &%
I:'|':|01 QA7 MMM StLtel D|C|of R4z MEY 5

1

o= 2E Mdst( 1:25)




Silence

Sound Production

a XC;'&I (Silence “Is deafening") m| %—OL_I (Sound Sources)
(| EEIDIEICH oM Of =7t0iCH AMRERZ A 2o+ = Production libraries
I:I:E-i A L | m Internet
MA (< OC2 MMl 238 A ol7 . .
0 e T el g 4 ao o A + Recording (Foleycolcting
0 QAO| K[ZMOo 2 HHQl HTlo) oC|Q AL 0 oo ma 12Tl Apis
oM ZESl A2[7F MO|H ELCt SH o= FO|E — N . N
EERVA TR = DirectSound & DirectMusic : DirectX APIO]| StL}
= AT — —
N N OpenAL : HE| Z2SZ0|M AB7tHS
ol7to| E=k|= H £ ZHX|st=H M 2714l 8 =
o o4 I T | — |_2|-( )E (=] Iol-l_ -II [ I-I:I - El_olﬂﬁji_ "élﬂo,_l' 3rd party aUdiO‘libraries
Miles Sound System ( )
FMOD ( )
Sensaura (for PC, Xbox, PS2, Nintendo, ...)
Sound Production Sound Production
o 2r|2 T2 YL YT APL y
; 71-| Lo%—ul-:-vgel APIE Heg szt A o 24 (Mixing)
2D AFREO]| CiEE 7|2 S2 (play, pause, stop, pan, volume, ...) u O FALYX| & 7|ASIRH (e.g. tape vs. cd vs.
3D AFR.EO] LY 7|2 SEt 1t HOf (position, velocity, ...) cheap speakers vs. surround sound)
20 BX|Z MAHEO th3t 7|2 S (play, pause, stop, -.) '

Hardware 7|5 4%}
= Mid-Level API
PCM wave Y 2E 7|5
8E 20 ot ~AE2|Y
Sequential music segmentsE2 T Y(queuing)st= 7|5
Sound Resource Management
Sound Load/Unload W< 22|
One-function loading and playback on demand
\I;lva'\r/\lile Tultiple compressed audio formats, (including Ogg Vorbis, MP3,

g
2E 3% B KOl environmental reverberation) X| ¥ &5
= 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
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(HAE I o2 7H2| CHE “loudnesses” & AlZdl& Z)
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In Your Game
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Audition

Tempormsl boms

Fdalaus B bcicular Canel

Earcans Cochimmrnmrses

Cochkes

achion e
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F A ot
r freaam birare: widdia uar
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Finna (munck) Siapears (in Creal Wem dior

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

Auditory System

o 7

» 2|0| (Outer/External ear) : 22|29 =&t =
= 30| (Middle ear) : 22|19 715 JEE && ™% (action

poten’uals)i et
= LHO| (Inner ear) : =|7t EZYEE i = A=F LB WE
o |t H&Z
= HZE (Auditory pathway)
= FZtO|E (Auditory cortex)

Auditory System

o 2|0| (External ear)
» SOFO| £7| M2|9| 7|sE AT : capturing, focusing,
filtering
= 2 HIF| (Pinna)
AHHR o HEf= F0|2t LHOof| ME = A2
QK| <t Hrakof ChoH BHX| §EE HIE
» 2|0| X (Outer ear canal)
9ol & notut HAL|0f HE Exstn o 2 E RX
= 1185 (Tympanic membrance or Eardrum)
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Auditory System

o 30| (Middle ear)

AN
22|0HX|el HE W 5% 7|s2 =
235 (Ossicles) : &= (Malleus), & (Incus), 5= (Stapes)

18 o> =F (hammer) -> &= (anvil) -> S (stirrup) -> L{0]Q]
EHIO| 2HCochlea)| &% (Oval window)2 2 A2|9| Mg
HdoEgo=E AN D2 A2 RSHEE)E DYoM SET
42|20t 20H) Ol BE0| 7ts

ek 27t HE 2 42 2]X30| ZE2 ZAA7| AL
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A= Heldhs 2742 28X 3
A9E (Tensor tympani) : =1 A90| £XE£|0] Q= A2
Lholel =87 MESE XNYH 37|Q| 22|28 H 23t
S=1 (Stapedius) : =0 £&E0 Us A2E F0| L{e
FUIE Ol A2 ZHAA|Z
== 1= = 0O [}

Auditory System

cochlea=

o LHO| (Inner ear)
- 2|2 NZFASE BB (5, TS YuO
w 2+22H (2HO|2: Cochlea)
A4 4mm BN E 4% 20| 35~40 mm
HRIE (oval window) : 2F2 % (cochlear fluid)| T&S futs
ot Mol FZ2 CtA| 7|2t (basilar membrane)2| &S
FE5tn 0] Ts2 7|M2 LHoM Ol =
71Meo| Fs2 82 ME (hair cells)?] EEX| 1 HX|= &S5
St 27 Lol
27| OHE 81 2FfZiol 17| CHE {X[ol|A EX|E
= 131 (High pitches) : at the base of the cochlear (near the oval
widow)
= X811 (Low pitches) : at the apex
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medial geniculate hody
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Auditory System .

3
o Z2 (Auditory pathway) (%O?ww
. 9422 HZto| BH QI A S
- = ! - Auditory Pathway

otezte HZNZ (HZ2)T A
FIHOR A A(UINIOIM ENE HEot x2 My

HAY

oS MO WEEBE T
27| LhE FFe 22|=
22|17t SE¢ Q0§ X
SHAI B}
= O [=]

|Z (temporal cortex)Of T &t
oEe Z7| L2 o2 MEE
L| Z

IR0E 57 T 0|29 B2k

I'_
0.

St (Inferior colliculus)
Auditory reflexS Eg
HZI %0 (Deafness)
Conduction deafness, sensorineual deafness, central deafness

3D Sound Localization

o & I X|Z}(spatialization)2| 2|5t
o 20| EhA
m O0|ZF A|ZHK}F (Interaural time differences: ITD)
£ o Eets 2|9 AlZE X}O|
m Z0|Zt Z =X} (Interaural intensity differences : 1ID)
Hz|2 QI3 shadow
HEIEC AR O GHS B

o MG
= ZO[ZH A|ZEXLO| BHE St AMEH
T &0 &0|7ZF A|ZEXE B K] 7| (interaural time difference detector)
ZEX - Y™ o2 800 msOf| 7FE Qlzet




Vertical-Polar Coordinate System

“ertical-Molar Intaraural-Palar
Crorcinates Coorcinates

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

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)
= T Ol ZEste A2[Q] AIZH X0

= Azimuth angleO| 02 [ ITDE 0% - &, S€I0| K29 A4Z%

Yol /X5t A=S olojet
m ITD = (a/c)(q + sin B)
a: the head radius
c: the speed of sound (~343 m/s)
0 : source azimuth
O Interaural intensity differences (IID)
= T Ao ==5t= 2|2 MZ| X0
ol 7te +2 1 #Eo 228 58 4 US
OO} (>1.5kHz) 2|8 2X| 7tsd
XZFab= ITDO| olsh =2 ZX|E

Elevation Cues

o Different reflections
m 229 HILHH O 2 Q18I0 (£3]|, 2HF), elevation angle 2HE
AH S0 wHR O BEALZ|Of 2 A2[o| Btoj| Xo|7t M
n HF XSl M| oM S0 JACHH, S2I0| FHO| A= Ao
H|SHO M| CHE BIAHERERE 24 Y

=A O
o Different amplification (and attenuation)
w BIALZ S 740 2o 20l QoA Ehdiet
= Ol Fht0| 22| FTE(amplified)=| 1 CHE HE2 44
(attenuated) &
o Pinna provides the primary cue for source elevation
= HFXQ| H=1F O H0| 22|17t 0|0 =EHSHA E|= HA
d=0| g2 0d

Elevation Cues

Source -
above

Source
in front




Range Cues

Head-Related Transfer Functions

O Perceived loudness
n 7|0 €T SR HEE 0|8
» 3|03t AtO|&l A2 (YHAE S 2 high-energy sound source)=
He| e Ao 2 A

w AEHSE YBAQ A8 (YEIE O 2 faint sound source)= Z}1710]
e oz KA

O Motion parallax
m **-’FlXWf SZ0|H 229 azimuth 0| HH = S A
= 2 motion parallaxE KM SStCHH SI0| 7H710] = 2 olofgt
O Ratio between direct and reflected sound
m :—.:X*|°°I OlHX= SREZRE HE| (range)2| M=0i B 2|50
Oo-la
n BEAFS Ol O X|= AHE|(range)0f M2t 2 Bistot els

] AL

o HRTFEH S 9| YXYEZLEEH 2 E
=28 M E HEs Zd%!

AbEto| fé’—.* OIX| = 6*01IH 47

u -_rL°I °4EHE 0l2f Z{&=0f By X ot
ADAREEH WMTSD 22 22| YA
= GO/ E2] &0 %2 0r0|37F 22|57

= 0Jo| +EE 0| E 2
» YEA ZH : Head-Related Impulse
Responses (HRIRs)

s FE2|0| H=2}t: Head-Related Transfer
Functions (HRTFs)

o H7HQIE 2 XHAIRHO] HRTFE 7HX| 1

U= (YT, ear print 2t &

Convolvotron

References

o Crystal River Engineering Inc
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HRTF-based spatial audio system
Of A|AE’2 JHQI2] HRTFE 7|HIC 2

S810] 3%t 37+ 40| 9| Eisof
e} E& 20| Yot + g
st M SEAIR O AIAH
20N S8 52 At /K|
#slo) met 2228 52
DBSSl0] P E 3XHE 2|9

0 Echoes2t room reverberation2 A L
A=Y 0| -2 AHESHY F=othgt

A Ol
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




