EONIKO KAI .
b KATOAIZTPIAKO ) ) ﬁ\g'v?%i?ﬁg
[MANEITIZTHMIO £ OcooaNovikne

AOHNON

Baowég apxéc Wuxopuokic

kot Mouowny
n
ItEPL Nxou, Houatknc (kat alAwv datuoviwv)
KQN/NOZ NAZTIAAHZ
Ap. HMMY

Av. Ka9., Tunua Movowwy Zrnovdwy A.I.6.
Emoxémtnc Kad., latpun ZyoArn EKINA






mu scipiinary issue

Norbert Wiener
CYBERNETICS

or Control and Communication
in the Animal and the Machine

Claude Shannon
(1948)

SECOND EDITION

Norbert Wiener

Jon von Neumann
(1955)

Alan Turing (1940s)
The ENIGMA
deciphering

(or Turing’s Machine)

Jok

The Neumann
Computer

& the

Brain

Baowéc apyég Wuxodpuowiig xar Mouvowr
KQN/NOZ NAZITIAAHZ, Ap. HMMY, Av. Kard., Turjue Movowwy Zrouvdwy A.0N.6.



Baowéc apyéc Wuxodpuowiig xarw Mouvowry

KQN/NOZ NAZITIAAHZ, Ap. HMMY, Av. Kar§.,
Tunpua Movowwv Zrovdwv A.IM.6.




N400 / N5; 250 - 550 ms

S —1

i i i Melodic Chords Harmony |
P mbre” P chroma Guiivgiimaie | MIEEGIES i LPC / P600
(incl. Roughness) THivrae grouping Time intervals Rl_1ythm 600 - 900 ms
Intensity (incl. Roughness) A Timbre
— ; -
Location foudness ERAN / RATN
ABR, FFR : 180 - 400 ms
1.5-10 ms MLCs,P1, N1 i
10 - 100 ms

MMN
100 - 200 ms

Perceptual Processes in Orchestration, Meghan
Goodchild and Stephen McAdams, The Oxford
Handbook of Timbre, Edited by Emily Dolan and
Alexander Rehding

FIGURE 1 | Neurocognitive model of music perception. ABR, auditory brainstem response; BA, Brodmann area; ERAN, early right anterior negativity; FFR,
frequency-following response; LPC, late positive component; MLC, mid-latency component; MMN, mismatch negativity; RATN, right anteriortemporal negativity;
RCZ, rostral cingulate zone; SMA, supplementary motor area. Italic font indicates peak latencies of scalp-recorded evoked potentials.

Koelsch, Stefan. (2011). Toward a Neural Basis of Music Perception — A
Updated Model. Frontiers in psychology. 2. 110. 10.3389/fpsyg.2011.00:
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Is the quantitative estimation of sensory events
possible?

Committee of the British Association for the Advancement of Science 1930
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G. T. Fechner W. Wundt G. von Békésy R. Likert
(1801-1887) (1832-1920) (1899-1972) (1903-1981)

E. H. Weber S. S. Stevens L. L. Thurstone
(1795-1878) (1906-1973) (1887-1955)

Christophe Lalanne, Introduction to quantitative measurement: Psychophysics vs. Psychometrics

Baowéc apyéc Wuxodpuowiig xarw Mouvowry
KQN/NOZ NAZITIAAHZ, Ap. HMMY, Av. Kat3., Turjue Movowwy Zrnoudwv A.0M.0.



Ronald Laurids Boring, Cognition and Psychological Scaling: Model, Method, and Application of Constrained Scaling, 2004
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Difference

Apparent
Length

Brightness

n<i

Psychological Magnitude, S

Stimulus Magnitude, | (arbitrary units)

Baowéc apyéc Wuxodpuowiig xarw Mouvowry
KQN/NOZ NAZITIAAHZ, Ap. HMMY, Av. Kat3., Turjue Movowwy Zrnoudwv A.0M.0.

S=klog!
S=k"

S is the magnitude of the auditory attribute

| is the physical parameter, and

k and n are constants specific to each auditory
attribute.

For the loudness of a 1-kHz tone, the exponent
is 0.6: a 10-dB increase leads to a 2-sone
increase. For a 3-kHz tone, the exponent is
0.67.
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Scales [dB] Single MNotes [dB|

Lt Lo Lt Lume  Lug
Histaric Vialin 90 75 95 56 85
Placdern Yikalin a3 75 35 52 L
Histaric Viala H2E 70 94 57 a5
Madern Viola 31 77 97 5B a7
Histaric Vialencello 33 73 102 57 91
Modern Yicloncello 93 ag 97 7%} a3
Histaric Doublebass a0 20 100 (725 91
Modarn Douklebass a9 GBS 100 &5 =

FIG. 15. Dynamic range of all examined modem and historical bowed string

instruments. Both the measured magimum and minimum sound power level

for the time-averaged steady-state amount of single notes and a fast played

ecale as well as a calculated mean forte sound power level La is shown.
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Instrument Average sound power Practical dyvnamic
playing forte (milliwatts) range (decibels)

Violin . 34
Viela 0.5 30
Cello 1 30
Diouble bass 30

Flute 1 20
Oboe 2 30
Clarinet 2 40
Bassoon 2 30
Horn 16 40 o
Trumpet 13 30 V%Dljn 0.8
Trombone 13 35 Viola 0.5
Tuba 20 30 Cello 1
Double bass 1.6
Full orchestra
(without percussion) 250 65
Flute 1.3
Oboe 2
- o) . 4 Clarinet 2
P~ = Wpc st Bassoon 2
4nr- R

Horn 16
Trumpet 13
Trombone 13
Tuba 20

4
L =L + 10log o =2
g IG[ dmr? R]
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TABLE 1: SOUND POWER AND DYNAMIC RANGE OF INSTRUMENTS

Instrument  Average sound power
playing forte (mW)

6.37x 1077
3.98 <1077
7.96 x10-7

1.27 %109

1.03 x10-°
1.59 x10-%
1.59 x10-°
1.59 x10-°

1.27 <102
1.03 x107?
1.03 x107°
1.59 x107?

Intensity at 10m SPL
in open (Wm=2) (dB)

o8
56
59
61

60
62
62
62

71
70
70
72



The Symphony Orchestra
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A medinm size svmnphony orchestra has 10 first violins, 10 second vialins, 10 violas, 10 cellos,
G double basses, 2 Autes, 2 clarinets, 2 oboes, 2 bassoons, 4 horns, 2 trumpets, 3 trombones

and 1 tnba.

Using the wvalues from the table in Cuestion 1, calenlate the total sound power in (a) the
string section; (b) the woodwind section; (e} the brass section; (d} the whole orchestra, when

all the instraments are playving forte.
Strings:

Wielines: 20 x 0.8 = 16 mW. Vielas: 10 = (L5 = SmW. Coellos: 10 = 1 = 10m\W. Double basses:
Gx 1.6 = 0.6mwW.

Total string section: 0.6 mW.
Woodwind:

Flutes: 2 = 1.3 = 2.60mW. Ohoes: 2 % 2 = 4miV. Clarinets: 2 = 2 = 4dmW. Bassoons:
2w 2 =4m\V.

Total woodwind section: 14.GmWW.
Brass:

Horns: 4 % 16 = GdmW. Trmpets: 2 x 13 = 26mW. Trombones: 3 x 13 = 30mW. Tuba:
1 =20 = 20 mWW.

Total brass section: 149 mVy.
Total a: 204.2 mW.

Comments: Woodwind section is relatively weak, and is oftened strengthened by having 3 or

4 of each Instrument. Brass section 15 inherently the most powerful and if not restrained can
drown the rest of the orchestral
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Takle X
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Todpment g mff I
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e T A6%) 1§ L3%)

P B (32.6%) 9 LILER)

mp 53 (M.2%) 21 R7.6%)
af 9 { 5.9%) 13 {I7.1%) 5
I 0§ %) 29 {33.2%) 3
i 0 ¢ k0% 3 {398 g
B Answer 14 RTES 0§ DA g
Total 152 (100%} 75 (100%) g
h. Reconter E
FF 21 {13.0%) 10 (13.2%) 14 D4%) s
. 9 [45.4%) 6 (H4.2%) 13 { 4.0%) :
o] 52 04.2%) 36 AT A%) BB 33.1%) i
mf 7 { 4.6%) 2 [ 1A% 120 #435.1%)
F i [ DA 0 0.0 42 {138%) &
K O 04K 0 {005 1{04%) E
Mo Answer 3 2.0E) 2 [ 16%) 11 04%) g
Total 152 (100%) (1005 266 (1KI%) E
c. boe §
fat 14 { 7.0%) B[ 3.09%) [ 0.0%) £
e 73 [IZ.0%) B (42 1% I 6.6%) g
mp 97 [41.5%) GE . T 50 (32.9%) N
m 37 (18.2%) G 5.55%) £S5 (41.5%) <
¥ 2 [ 0.9%) o 0.0%) 15 (16.4%)

il [ O.0%) [ I 0.TR)
Ka Apswer I W% b Y | I {75}

Total 2128 (100 15F (L% 152 (100%) S
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mp — . m S [http://drumworldking.freeservers.com/drum.htm]

So, @ ~100 bpm he performs ~ 100 hits per min, which is
~200 movements per min (due to hit & return motion), which consumes E =

25100 % .5 +m*u? = 2100 # 0.5 = 20 * 2.682 = 14364 L2

861868""#” 2 206kcal

But, to obtain this he has to increase his heart rate from ~80pulses per min to
~110 pulses per min. Energy expenditure due only to heart operation at this rate

is ~240 %
h

[Estimating Energy Expenditure from Heart Rate in Older Adults: A Case for Calibration, Jennifer A. Schrack, Vadim Zipunnikov, Jeff Goldsmith, Karen Bandeen-Roche, Ciprian M.
Crainiceanu, Luigi Ferrucci, PLoS One. 2014, 9(4): e93520]

L

min

To this, add also the increased energy consumption of the respiratory work, which
is estimated as 0.5 of heart energy consumption, namely ~ 120 kcal/h

Y = 206 + 240 + 120 = 566 "jl‘”

kcal
h

Ergometry-based estimates for drummers yield 623 + 168

[De La Rue SE, Draper SB, Potter CR, Smith MS, Energy expenditure in rock/pop drumming, IntJ Sports Med. 2013 Oct;34(10):868-72]

What does this imply for a loss of loudness corresponding to 3dB only (due to
loudness recruitment effect at these high SPL for a mild Hearing Loss) ?


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4005766/
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20La%20Rue%20SE%5bAuthor%5d&cauthor=true&cauthor_uid=23559410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Draper%20SB%5bAuthor%5d&cauthor=true&cauthor_uid=23559410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Potter%20CR%5bAuthor%5d&cauthor=true&cauthor_uid=23559410
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20MS%5bAuthor%5d&cauthor=true&cauthor_uid=23559410
https://www.ncbi.nlm.nih.gov/pubmed/23559410
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http:/, icslab.org/psychoacoustic
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Kenneth S. Henry, Sushrut Kale, Michael G. Heinz, Noise-induced hearing loss increases the
temporal precision of complex envelope coding by auditory-nerve fibers, Front. Syst.
Neurosci., 17 February 2014

Effects on music/speech perception (?)



* YWOKEIPEVIKN axigOnon...0AA& Tivog ?

e AopIKO oTOIXEI0 TNC MOUGIKAC
e Scaling ? Thresholds ?
e 2XECN HE TNV CUXVOTNTX / EVTOON

* XpOVOOUXVOTIKO MEYEOOC
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Relevant semantic Description of the auditory
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]
. S t sounds
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Multidimensional description Acoustical description

e Similarities

Relevant auditory dimensions

Bref

. Feat u res Preference judgments i, 9, ... ), (51, 52, ...} o .

Susini, Lemaitre, McAdams, Psychological measurement

for sound description and evaluation
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Listener
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Sensitivity (d')

S R

0.5 1.5 2.5
& a Reinhart, Paul & Souza, Pamela. (2018). Effects of Varying Reverberation on Music Perception for Young
A Heve rberatlo n T I me (s) Normal-Hearing and Old Hearing-Impaired Listeners. Trends in Hearing. 22. 233121651775070.

10.1177/2331216517750706.
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Computational Modeling in Timbre Perception

(@) Cochlear analysis (b) Auditory-nerve responses (c) Lateral inhibitory (d) LIN output: estimated
network (LIN) stimulus spectrum
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°  AVTIKELUEVIKA

°  Zuvbuaopog
*  Teyvoloyiec YrnoBorOnonc (.. Hearing Aids-Implants)

WYXOAKOYZTIKH
MOYZIKH AKOYZTIKH AKOYOAOTIA

WYXOAOTA t¢ MOYZIKHZ IZTOPIA tng MOYZIKHZ - AlZOHTIKH
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