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Title AkuMess

Development of a software tool for easy room acoustic assessment

in architectural education

Background

In architectural education only a rather small number of lessons is
scheduled for teaching room acoustics. Nevertheless comprehension
shall be achieved by bringing the students into practical room acoustic
analysis soon after giving them a short introduction into acoustical
basics. The new software is aimed to be an appropriate tool turning
the students’ own notebook computers with just an attached low cost

microphone into a measurement device.

Objectives

Development was done in two phases with intermediate technical and

didactic testing.
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~ 1.1. MeBobjekt beschreiben

Objekt-Bezeichnung Horsaal HD 24

Variante / Beschreibung 2 Personen im Raum

~ 1.2. MeBausristung vorbereiten

a) Mikrofon (an PC anschlieBbar)

b) Impuls-Schallguelle auswahlen
- kleinere Raume: dinne Plastiktite, kraftiges Handeklatschen
- gréBere Rdume: platzender Ballon, Knallkérper, Schreckschul

c) Gehdrschutz bei sehr lauter Schallquelle
d) Positionen flir Schallguelle und Mikrofon wahlen (6..10 Kombinationen)

e) filr Ruhe im Raum sorgen

~ 1.3. Mikrofon einrichten
a) Mikrofon anschlieBen
b) Mikrofon-Eingang wahlen, falls natig

c) Mikrofon-Pegel priifen

~ 1.4. Einstellungen

@5 erweiterter Modus

Mikrofon-Pegel in Oktaven:

rot: Gefahr
Zu Ubersteuern

orange: optimal
fiir Impulse

gelb: hier kein
Hintergrundgerdusch

gran: nur hier
Hintergrundgerdusch

Audio-Einstellungen

Image 1: On page 1 of the AkuCheck user interface measurements are prepared (screenshot). © D.

Hennings, 51065 Koln, www.eclim.de



The first development phase

In the first development phase basic software features were imple-
mented. At its end a feature-limited version of the software was appli-
cable for practical work. The basic features include measurement of
room impulse responses using impulse acceleration, calculation of
octave reverberation times from these impulse responses, and as-
sessment of measuring results using standardized criteria.
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~ 2.1. Start der MebBreihe

Fiihren Sie mehrere (6..10) Messungen durch. neus MeBrelhe starten
- der Raum und die Personenzahl bleiben dabei unverandert.
- die Positionen von Schallguelle bzw. Mikrofon werden jeweils gewechselt. # Raumimpulsantworten speichern
~ 2.2. Messungen —, ~ 2.3. aktive Messung / Raumimpulsantwort
1 () erledigt
2 () erledigt
3 () erledigt
4 () erledigt
5 () erledigt
6 () erledigt
7 O
8 O
s O
10 O
1
o
Quellen-Position F %
Mikrofon-Position 8 /s

Image 2: Page 2 shows oscillograms of the measured room impulse responses (screenshot). © D.
Hennings, 51065 Koéln, www.eclim.de

Technical testing

In the first technical test phase emphasis was on comparison of eval-
uation algorithms to several established scientific and commercial
software applications as references. Results that all applications in-
cluding the new software agreed within a narrow tolerance.
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~ 3.1. MeBreihe auswerten
- Die Oktav-Echogramme zeigen logarithmisch den Zeit-Verlauf der Intensitat.

- Aus dem Zeitverlauf des Abklingens werden die Nachhallzeiten abgeleitet.

- Die Einzel-Messungen kénnen angesehen und fdr die Mittelung ausgewahlt werden.

~ 3.2. Messungen — .~ 3.3. Echogramm / Nachhallzeiten
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Image 3: Backward integration of logarithmic impulse responses is drawn on page 3 of the user inter-
face (screenshot). © D. Hennings, 51065 Kéln, www.eclim.de

Didactic testing

In didactic tests the basic software version has been integrated into
the students’ practical seminar work. It was approved, that the stu-
dents could easily apply the new software after a short introduction.
Experience from these tests was used for improvement, in particular a
real time octave analyser was integrated as a microphone levelling
utility.
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~ 4.1. MeBergebnisse mit Qualitatskriterien vergleichen

= Machhallzeiten in Oktavbandern, aus den gemessenen Raumimpulsantworten abgeleitet.
- Werte aus den Einzel-Messungen und Uber alle ausgewahlten Messungen gemittelte Werte.
- Messungen geringer Qualitdt kénnen von der Mittelung ausgeschlossen werden.
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Image 4: On page 4 of the AkuCheck user interface measured octave reverberation times and other
measures are shown and compared to standardized references (screenshot). © D. Hennings, 51065
Koéln, www.eclim.de

The second development phase

In the second development the all of the projected features were im-
plemented into the software.

Sinus sweep accelerated measuring was integrated as a more accu-
rate and robust method. Besides the reverberation times (Tzo, Tao,
EDT) measures for clarity of individual transmission paths (Ts, Cgg,
Cso, Dsg) can be evaluated. Effects of additional persons on reverbera-
tion times can be calculated. Similarly room acoustic improvement by
additional absorbers can be evaluated. A user extensible absorber
data base is added as background for calculations.

All measuring and calculation results are shown graphically and can
be exported into text files.
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~ 5.1. Modifikationen am MeBobjekt berechnen
= Berechnen des Einflusses zusatzlicher Personen im Raum.

- Barechnen des Einflusses zusatzlicher Schallabsorber im Raum.

- ACHTUNG: Das Raumvolumen muB eingestellt sein (unter 4. Bewerten).

~5.2. Modifikationen-, ~ 5.3. Nachhallzeiten - mit und ohne Modifikationen
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Image 5: Calculated effects of additional persons or absorbers on AkuCheck's page 5 (screenshot). ©
D. Hennings, 51065 Kd&ln, www.eclim.de

The final test phase

The completed software underwent a final phase with additional tech-
nical and didactic test. A major objective of a beta test was the inte-
gration of additional absorber data supplied by supporting manufac-
turers. In addition a number of software bugs was detected and fixed.
Technical tests included additional algorithm reviewing and examina-
tion of acceleration effects on the quality of measuring results.

During summer term at Wuppertal university the second didactic test-
ing was performed including the students' autonomous measurements
as well as subsequent calculations of room acoustic improvements.
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~ Schallabsorber-Datenbank

-~ | Teppichboden.abs

~ gewdhlter Absorber

Datensatz: Grundschler
- K] TotalAbsorber.abs Beschreibung: Grundschiller im Unterrichts-Raum
- ] Wand-tapeziert.abs sitzend, teilweise an Tischen, ca. 2 m2/P.
ﬂ Wand-verputzt.abs Datenquelle: Hennings [2011], www.eclim.de
|» DIN Hersteller: -
Ly hersteller ) dquivalente Schallabsorptionsflache [m2]

.» nutzer

e B 1

|» personen

- K] Berufsschueler.abs

- K] Chorsaenger.abs

5
®] Musiker_1.abs

- ] Musiker_2.abs

- K| Person_sitzend_1.abs

¥] Person_sitzend_2.abs
- ¥] Person_sitzend_3.abs
- K] Person_stehend_1.abs
- K] Person_stehend_2.abs
- K] Person_stehend_3.abs
¥] Schueler.abs L _ : _
E] Vorschul-Kinder.abs : verwenden 2uriick [ max. 1.0 | AutoScale | Bilder ein
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Image 6: An integrated sound absorber database is used for calculations (screenshot). © D. Hennings,
51065 Kdln, www.eclim.de

Communication and publikations

During the project period two regular meetings were held. In addition
several informal meetings with project advisors took place.

At two conferences (CESBP 2013 at Vienna and DAGA 2014 at Ol-
denburg) the new software was presented in operation. Conference
participants were not only interested in using the software in their own
work but also in future development towards transcoding to additional
operating systems and a multilingual user interface

Conclusions

The new software opens up new opportunities in education of archi-
tects and related professionals. Now despite of lacking time students
can be brought to practical work including room acoustic assessment,
and thus gain their own experience and understanding.

The accuracy of measuring results meets requirements for room
acoustic quality assessment in rooms for communication and educa-
tion. In addition effects of room acoustic improvements can be pre-
dicted. Thus all project aims were achieved.
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