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Introduksjon

 NTNU har bred utdanningsportefglje | akustikk
 Industrien skriker etter akustikere siden lang tid
* Det er historisk lav produksjon av akustikere i Norge

« Kan NTNU gjgre noe med det?

®@NTNU



Naveerende situasjon )

. . . [o]
« MTELSYS (hovedprofil i akustikk) pa IE R
tudying Acoustics at NTNU
o = .

— 5-arig norsk siv. Ing. ol mne Dl o Pt v

Acoustics Rescarch Cemter, Department of Electranic Systems, NTHU, Norway, guill
- H ﬂy e O p p ta kS k rav While it is a well established discipline in academia with a broad range of applications, acoustics is usually
. . k | kt . k k nalblgcmugl\a subject to exist s: the d level of a university. A ics casily suffers fl\?lnn'\sol\a:f
— SpISS et mot mikroelektroni oy L e e el o orir

difficult to find a suitable place for the d.ISClphl\L‘ This communication deals with the particular case of

- - - - NTMU which has a long established activity in acoustics. The current situation of a specialization in
— Ite as S Or SI I ' l e anl I - aS Se acoustics under the umbrella of a master programme in electronics is described. The students in acoustics
. . at NTNLU can benefit from a variety of courses offered and have sccess to topics that are uncommon

elsewhere in Scandinavia, like musical acoustics, bicacoustics, underwater acoustics and gecacoustics.

« MSELSYS (hovedprofil i akustikk) pa IE e e T e s St
— Z_érig internasjonalt 1 Introduction

NTNU has been offering cducation in acoustics for more than 50 years. Although the number of acoustics courses
pmpascd by NTMU is large enough to accommodate for different interests in the discipline, and although the leamning

—_— S kl kke | Ig I ' laS te ru td an n I n g I aku Stl k k offers many itics, the number of students taking their master's thesis in acoustics has been relatively
low in the past years. This is at odds with the sustained demand for acousticians from the job market. This paradox may
be related to the transverse nature of acoustics and deserves further analysis

M - This paper reviews the current situation of education in acoustics at NTNU. It is organized as follows. Section 2 returns

- res e n e res SO l I l l I laS e r I e e ron I to the origins of education in acoustics at NTNLL Section 3 considers the number of students who took an education in
acoustics in the past 20 years. Section 4 reviews the portfolio of courses in acoustics at NTNU. Section 5 outlines the
experimental facilitics used in teaching and student projects. Section 6 illustrates how stadents can take courses in

o E n ke |te e m n e r p é an d re faku |teter ;c:rﬁtgfqmi\i?m Elf,‘lﬂi.im'iﬁ.’i’ffm Section 7 reviews the challenges of teaching acoustics at NTNU. Section
—_— Bygg : Byg nlngsaku Stikk 2 A bit of history of acoustics at NTNU

An acoustics laboratory was built in 1964 in a new extension to the electrotechnical engineering building and King Olav

- - . V was visiting for an official apmmg in 1965. The laboratory has a reverberation reom with a connected room for

— M e d I S I n U |tra| d of sound of doam windows and small building elements. There is also a separate sound
- issi v for walls (hori | pair of rooms) and floors (vertical pair of reoms). A few years carlier, an

anechoic room had been built in the existing building, and the anechoic reom was a bit special since it had mineral wool

wedges that were covered with graphite powder in order to function as an antenna lab as well This functionality was

» Tverrfakultetsundervisning er vanskelig R
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Behov for akustikere i Norge

Vi har estimert behovet for tre typer av akustiker i Norge

- "Konsulentprofil" (rom- og bygningsakustikk, miljgakustikk, stay,...).
Minst 360 personer | slike jobb idag
-> behov for 10-12 nye personer/ar

- "ELSYS-profil" (elektroakustikk, akustikksignalbehandling inkl.
undervannsakustikk)

-> behov for = 5 nye personer/ar

- Ultralyds-profil (medisinsk og industriell ultralyd)
-> behov for = 5 nye personer/ar
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Behov for akustikere i Norge Enkle &

identifisere og
telle

Vi har estimert behovet for tre typer av akustiker i Norg

- "Konsulentprofil" (rom- og bygningsakustikk, miljgakustikk, stay,...).
Minst 360 personer | slike jobb idag
-> behov for 10-12 nye personer/ar

- "ELSYS-profil" (elektroakustikk, akustikksignalbehandling inkl.
undervannsakustikk)

-> behov for = 5 nye personer/ar e—

- Ultralyds-profil (medisinsk og industriell ultralyd)

identifisere og
-> behov for = 5 nye personer/ar / den

Ikke sa enkle a
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Behov for akustikere i Norge — matematisk modell

Modell 1: Status quo Modell 2: Lineaer gkning Modell 3: > lineaer
@kr"ng No. of people employed No. of people employed
No. of people employed
Antar i snitt
260 360 T~ — 360 7~ / 40 ar i jobb
260 ——
Year 200 1= Year
Year | | | |
| | | |
2004 2024 2004 2024
9 nye personer 10 nye personer trenges: 13 nye personer trenges:
trenges: 5 slutter (for en av mange modeller)
9 slutter 5 nye jobb 4.5 slutter
0 nye jobb 9 nye jobb

"Fasit": vi har tellt 316 personer som har startet i akustikkjobb under 2000-2024 (med
"konsulentprofil"), dvs 13 per &—>  enkle modeller kanskje greit for estimat.
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Hvor jobber akustikerne (med
"konsulentprofil") i Norge?

4 konsulentbedrifter med > 25
akustiker har 64% av alle

4 konsulentbedrifter har 10-24
akustiker

dlksjon (4) Sum: 342

6 konsulentbedrifter har 2-9
akustiker

ad+Forsk. (23)

12 enpersonskonsulenter

Inkluderer 23 personer fra
offshore konsulentbedrifter
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2-arig master - prinsipper

 Minst 15 SP | akustikk per semester

« Samkjgring med MTELSYS hovedprofil i Akustisk

signalbehandling og kommunikasjon
Ny MTELSYS?

BSc
Bygg




Innhold og spesialiseringer -1 o oigaons

V: valgbar
Akustikk i bygget miljg
S10 Masteroppgave
S09 Fordypningsprosjekt O:Akustikk i bygget V: Bioakustikk for
miljg biodiv.
S08 O: Akustisk V: Akustiske V. Eksperter i Team
maleteknikk omvandlere
SO7 O: Oppdag V: Akustisk O: Bygningsakustikk V.
akustikk signalbehandling
Marin akustikk
S10 Masteroppgave
S09 Fordypningsprosjekt O: Marin akustikk (ny) V: Bioakustikk for biodiv.
S08  V:Akustisk O: Akustiske V. Eksperter i Team
maleteknikk omvandlere
S07 O: Oppdag O: Akustisk V. V;
akustikk signalbehandling
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Innhold og spesialiseringer - 2 o oigaors

V: valgbar
Akustikk for audio, musikk og multimedia
S10 Masteroppgave
S09 Fordypningsprosjekt O: Musikakustikk og  V
romakustikk
S08 V: Akustisk O: Akustiske V. Eksperter i Team
maleteknikk omvandlere
S07 O: Oppdag O: Akustisk V. V.
akustikk signalbehandling
Industriell ultralyd (i samarbeid med NTNU/MH)
S10 Masteroppgave
S09 Fordypningsprosjekt O: Avansert akustikk  V:Bioakustikk
S08 O: Akustiske V: V. Eksperter i Team
omvandlere
S07 O: Oppdag V: Akustisk O: Signalbehandlingi V:
akustikk signalbehandling ultralyd-avildning
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TTT4181 — Oppdag akustikk

* Masse-fjeer systemer  Avanserte temaer

« Diffraksjon

« Absorpsjon i fluider

« Stregmning og aeroakustikk
 |kke-lineaer akustikk

 |kke symmetriske
problemer

« Strings and bars
« Membraner

« Bagalgeligning
» Plane/sylindriske/sfeeriske

balger
« Refleksjon og transmisjon
 Utstraling og mottakelse * Bruk av numeriske metoder

« Cavities and waveguides
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TTT4295 — Akustisk signalbehandling

« Signaler og systemer

« Transducere, introduksjon
« Arrayprosessering

* Harsel

« Syntese av signaler

* Maskinlaering i akustikk
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TTT4250 — Akustisk maleteknikk

Labbasert emne

Lydeffekt

De i i skills: A hand. course in

measurement ter,hmques at the Norwegian University

of Science and ‘I‘echno]ngy

Hofong Dong,™ U. Peter Svenssan, Guilaume Dutiiew, Sara A Marin, Tim Gato Netiand,
Robin André Rorstadbolnen, and Andieas Sorbraden Tale

Science

g

ABSTRACT:
The course “Acoustical Measurement Techniques TTT425e

Electronic Sysiems, Norwegian University of Science and Technology. i
of acoustics in the five-year master program “Electronics Systems Des

aTe Aheim, 7481, Norway

fered by the Acoustics Group af the Department of

two-year international master program “Electronic Systems Design” or MSELSYS. 1t is one of the four required
courses for MTELSYS and one of the two required courses for MSELSYS. It offers a hands-on approach (0 acous-
tics. This paper oulines the topics covered in this course and the invelvemen of several academic staff members, as
well as inviled indusiry and rescarch instituic guest speakers, as tcachers. The asscasment of laboratory reports is
described. and general lecture tapics, including measurement uncertainty and statistics,the introduction of standards,

Kildedirektivitet

Lyddemping
Absorpsjonsfaktor
Harsel

and e are also described. All aspects of the course aim to maximize studenis” experience with a broad

in acousti

Mipedidotor mym,nmm 0011637

(Received 2§ September 2021 revised 23 April 202 accepted 20 May 2022 published online 10 June 2022)

[Editor: Dasiel A Russell]

NTRODUCTION

At Norwagian universitics, the tcaching calcndar is car-
ried out over two semesters: the autumn semester, which
typically runs from late August until ate December, and the
spring semester, which runs from the second week of
Jamary until late June. Each semester has a duration of
14 weeks of teaching followed by a four-weck cxamination
period. Most courses af the Norwegian University of
Science and Technology (NTNU) have 7.5 course credis.
The Mastcr of Engincering degree is a five-year degree, in
which students typically take four courses per semester in
the first four years, resulting in 60) course credits per year,
‘Siudenis take two courses plus a project with 15 credits in
the fifth year, coesponding to two courses in e first
semester. The students finally write a master’s thesis in the
second semester with 30 course credits, Many five-year
‘master's programs in engineering have three years of fixed
courses for all students and different specializations for the
last two years. In addition. NTNU effers many twe-year
master's programs in engineering, and they ofien have the
pecializations as the five-year masicr’s programs.

The five-year MSc program, “Electronics Sysems
Design and Innovation” (MTELSYS). and the twa-year
MSc program, “Elcctronic Systcms Design” (MSELSYS)
have five different specializations and acousties' is one of

it o te specal issue o0 Edcatin in Acowmtin
il befong dong .0
et addrea: NDT Global AS, Bergen 5105, Norway.

3 Acoust. Soe. A 151 (6], June 2022

Pages: 3919-3926

those, The course structure of the acoustics specialization is
illusiraied in Table 1. T shows how the acousiics courses are
distributed over e two years.

me universities have a similar program structure with
a specialization in acoustics in programs in clecirical cngi-
neering, phy: lng engincering. o mechanical engi-
neering, Other universitics might have dedicated two-year
masier's programs in acousiics, some examples of which are
Refs. 2.5,

AUNTNU, & course in the acousties specialization cnttied,
“TTT4250 Acowstical Measuremes Technigues.” is offered in
the sccond. semesier of the fourth year in MTELSYS and the
second semester of the fint year in MSELSYS, This course
gives 7.5 course credits and is only offered during the spring.
scmesier cach year. The average umber of siudenis in this
‘course has been 13 since it began in 201 =
from MTELSYS and MSELSYS. In addition, a few students
from caher five-year masier’s programs at the faculty of Civil

Jesure offred by sevenl g sl fom e Acousics
partment of Eectronic Systems (IES) at

NINL. n i, labaratosy sessions are beld by a course
assistant: generally. a PhD: student i identified before the corm-
mesier 1o assist with measurerment fasks

the

‘This course was heavily inspired by a similar course in
the intemational masicr’s program, “Sound and Vibration™
at Chalmers University, Gothenburg, Sweden.”

° 19
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TTTYYYY = Akustiske omvandlere

 Omvandlererteknologier (elektrodynamisk, elektrostatisk,
piezoelektrisk osv)

« Analogier for analyse av omvandlere

« Lineeeritet, tidsvariansegenskaper, signal-stgyforhold

« Direktivitetsegenskaper

 Distribuerte malesystemer, synkronisering
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TTT4285 - Akustikk 1 bygget miljg

Romakustikk Miljgaksutikk
» Refleksjon, absorpsjon, diffraksjon « Trafikkstgy (vei, tog, fly)
y Xa|?tek?t')kk | el * Industristay
« Analyse/beregningsmodeller: . - -
diffusfelt, geometrisk akustikk, Vindturbinstgy
balgeteoretisk * Lydutbredelse
« Psykoakustikk/oppfattelse  Stgyindikatorer

. Simuleringsoppgave * Helsepavirkninger

« Malings- og
simuleringsoppgave
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Konklusjon - 2-arig master i akustikk pa NTNU?

« Akustikk kunne synliggjeres pa NTNU
« Lettere tilgang for studenter med bakgrunn utenfor elektro
« Effektivisert struktur med tilbud tilpasset til ulike bransjer

« Samkjaring med MTELSYS
« @nsket samarbeid med andre fakulteter, for akustikk er tverrfaglig

« Fortsatt mye a gjare far programmet blir godkjent
« Har vi glemt noe?
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