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ACOUSTICSREPORT n02002016

Tor Halmrast, Acoustician
pb. 8106 Dep 0032 OSLO

mob: (+47) 95191675

e-mail: tor.halmrat@statsbygg.no

Date: 08/06-2016¢é é

/////

Project: é ..Stavange€Concert Houseeéeéééé
Issue € é . Analysis of performed music
€ é é .in different acoustic settings/e ver ber a.t.i.o.n..t.i.mesé

During the presentationi Mu s i ¢ Shapes Rooms, dRdhe S Shap:e
conference (International Musicology@&ety) in Stavangeduly 3rd 2016, the same pie(s

of music was perforntewith 3 different acoustic settings in Fartein Valen concert hall, and in

one setting in Zetlitz multipurpose hall, both in Stavanger Concert House.

OVERALL CONCLUSIONS

- All listeners and musicians were surprised bynow big the changes in acousticaere.
Even listeners who knew the Fartein Valen hall from attending (ad playing) the hall
many timeswere highly surprised over the demonstration.

- The rough recordings do, of course, notepresentthe actual listening situations, but
the changes betweethe different settings are surprisingly large also when listening to
the recordingd

- Analysing the recordings however, we find that both the sound pressure levels and the
overall frequency spectra are almost the same for all settings!!

- In order to find the clearly perceived differences, we need to look cleg into
spectrograms attack/releasetimes etc., and inspect the lengths of the separate tones and
how they are masked (if the reverberation is too long for the jazz/rock part), or too
short,(sot hat each note | ackédorthewstringg up to a| Aafull

- Not only the decaytime, but also the attack time islonger for the most reverberant
settings. For fast piano (jazz, MM=200), this prolonged deay due to long reverb
Amaskso tdmel athusckKismoot heso the Ati mbreo, an

Surprisingly, the parameters most common for Musical InformaRetrieval (MIR) etc.
showNOT to be able to detect the very clearly perceified i m bliffeeehcés between the
settings. Theeverberation times (and investigations of differences in tone length is the only

way to show the differences. Thisemstoba bi g fAhol ed0 i nanblysis [r eper
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A) THE HALLS
More information abouthe halls is given in Appendix

FARTEIN VALEN

Wav-recorder
8th row
somewhat

off center

Type:

Zoom H4n
standard
mics on tope

phota Alex. R. Jensenius

ZETLITZ

e

B = s

phota Alex. R. Jensenius
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B) ACOUSTIC SETTINGS

The illustrations below (adapted from the User Manual by Kahle Acoustics) samhs
acoustical room setting, illustratinige height of the hall’s main ceiling and of the canopy
reflectors over/in front of the stage. Also showthis amount of absorbing curtains on the
walls etc., andise oft he A r e h e a(Bee App. 2 foudetaila of thedhall).

fi2.Chambed (with rehearsal curtain in addition to the pictures beldw
The setting was something in the middle of these twoChamber Settings:

Chamber music | |

1
= =
-

)

Chamber music |

fi4. Amplifiedd

Fully damperd. Setting for Amplified Music.Not meaning that any more instruments were
amplified!!) Rehearsal curtain half/third down (to dampen reflections from the first ceiling
panels up/back to the void). Curtabn side walls (floor + balconies). PS! The photo shows
additional curtain/screen in front of organ, which was not used).

Heavily amplified
music

5. Zetlitod
Fully dampened. Smallleacher(telescopiciamphp) in the audience areaCurtains on side
balconiesStage curtainsMusiciars o n t h efrori stagéa (Batkstage hot in uge

fi6. ConcerBi g o
Setting for big, acoustic, symphony orchestras
(Ceiling and canopy reflectors at highest positions)alsorbingcurtains.

Symphony
Orchestra, minimum 50
musicians
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C) MEASURED/STIPULATED REVERBERATION TIMES
T30 [seconds]

25 —4—2.Chamber
w/Rehearsal Curtain

=i—4. Amplified
1,5

1 5.7etlitz

0,5

—6.ConcertBig

0 T T T T T 1
125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz

The T30 values in this figure are taken from the Acoustic Measurements Report from Kahle
Acoustics(Valen) and Akukon (Zetlitzipanuallyadjusted for the actual settings of the room
and the low number of audience (app. 3The T30 for Zetlitz is somewhat adjusteat the

actual setting of this hall, by analysiamn almost single drum strokgSee also Ap3).

D) MUSIC

The same musiof total length app3:10 3:20) minuteswas performed four timesheet
music is shown in Appendix 1.

A) B) O D) E)

T S .
e = et A,

A) Trumpet Fanfare(from Mahler g Symph.)

B) AddedString Quartet(from the first part of therch. scoreof Mahler 8.

C) String Quartet a cappelldadapted/arranged from a somewhat later part of Maﬁlér

D) MM=200. JazZSwingPiano/double bass/drums + Trumpet 12 bars (a theme based on the
Norwegian national anthem, or: since it is a shortened vergidhe Norwegian Rational

Ant hemo). Followed by 10 bars piano ad | i b,
E) Rodk: MM=80. 2 bars drum sol¢Slow Rock, back beat ad lib) followedBhectric

Guitar/6-strings elbassfirums Trumpetl2 bars. Followed by 8 bareck guitar solo ad lib,

and 4 bars trumpet lead fermata coda chord

1:00 1:15 1:30 1:45 200 Z15 230 2:45 3:00 315

The recording level was kept constaltring all recordings. This, of course, gives a very low
Signal/Noise ratio for the String Quartet part, but was chosen in ordewvedstigatethe
dynamic diferences between the types otisit. Both halls were equipped wisteinway
Grand, biggest modéh Valen, both tuned to 442 HzTrumpe{C-trumpet) and drumsere
playedwithout any amplification. Double basskgsshad hisown, clog separate amplifier.
El-guitar (Gibson Les Paul) with a distortion pedehs equipped with the same typender
Twin Reverb amplifier in both hallg-or practical reasons,-bhss was used both for the
Swing Jazz (and Rock) part in Zetlitz. The amplifiers for s$s{nd guitar were exactly the
same in the two halls, but there might of course be minor adjustmentshngaiot and
equalisations for thesé&o use of house PhudspeakersThe total session (includinthe
lecture) took about 1 hour 45 mimcluding quick transporbetween the settings/halls.

p.5of 38



ale

STATSBYGG

The musicians were instructed that the acoustics of the differemigsetvas the main issye
so they should play as equally in the four situationgrasticallypossible Minor changes in
playing styles etc. for the different settingsll of course occur, and some of these were
analysed.

The order of the settings/haligere chosen mostly for practical, stage technical reasons, but
the first settingil 2 . C h a mds elelilderately choseto be thefirst, as this should be a
reasonably good choice for a string quartet.all the discussionsn this report,the
chronologicalorder of the settings is preserved, in order to be able to judge any changes due
to the increased familiarity gberforming the music, and, on the other side; any effect of
Afatigueo.

The trumpeter was familiar with Mahlel"8rom his studies (and suggfed this piece ahe

a cappellain f a n f he @triog quartet and the trumpet had separate rehearfals the

day of the lectureperformance. Me total music programme was tested in setting

i 2 . Ch a Mdbtimesdefore the recordings. The drummer was iot&duto play as strong

as the styles of music indicated, and not restrist performancgtoo much)in the most
reverberate settings. The audience area was almost empty, only ca. 30 persons from the IMS
conference(That is why the rehearsal curtain waed for settingi 2 . Re h e Bhe atheerd 0
settings for the Fartein Valen concert hall wéheseused by the house fo
EventdsoiComncert Bhegehdrsa dudas wasanat usedTin this last setting,

in order toinvestigatethe maxmum change of reverberation etc. (knowing that setting
A6. ConceoulBd ghe At oo mucho fepertoirg. hese actual

The jazz and rock parts were (somewhat) improvised (except the trumpet part), in order to get
a typical performance, sodhe will of course be differences in the matkefor the different
settings.All music was played without any metronome, (so differences in tempos might be
analysed).

E) OVERALL ANALYSIS OF THE RECORDINGS
E.1)STRENGTH

Relative values
(O=settingi 6 . €e Nt 0

RMS dB, Mean |dB,Max |Leq [dBA] |LC,peak,

(MIR (from (from (from [dBC]

tOOIbOX) Praat) Praa‘t) ARTA) (from

ARTA)

2.Chamber wCurtain | 0.34217 -0.24 2.06 0.80 1.80
4. Amplified Setting 0.33237 -0.23 -1.02 0.00 -0.30
5.Zetlitz: 0.32116 0.00 -0.71 0.50 0.20
6.Concert Big 0.32816 0.00 0.00 0.00 0.00
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1ssmoothing(not calibrated feve, but congant gain for all recordings

1dB steps..

——— 2.Chamber
------- 4. Amplified
5.Zetlitz

—— 6.Concert

0 50 100 150

We see the followingdynamics:

ELUCTE’ﬁﬁﬁé’ﬁi’ﬁﬂiE%tﬁﬁgréeﬁgnet- b
S0 [T e deargmr RE T T
Steos Plrypt. m LGS | \"NWJ{W | MMWWW Mﬂ‘mw
i
: | i D i 'Rock Cﬁﬁl;r |
M i w' W’W’ =
T i / |

O 10 20 30 40 50 60 70 80 90 100110120130140150160170180190

Red=02.Chambeo, Black=04.Amplified, Yellow=05.ZetlitD, Black=06.Concerd
(Time adjusted tonatchfi6.Concerd)
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Zoom in on Strings part:

5dB
steps

50 60
STRENGHT DRUMS SOLO, first 4 seconds:
Black=ii . 5. Z Re¢edHn6t.zAoncert o

5dB
steps

0 (start drums solo) 4 sec.

i 6. Co n c @ed)sBowgs@mewhat stronggreaks(2-3 dB?) than fofi 5e Z 1|, withz ¢
longer decays, and the decays do not get as low in dB & foetlitz» probably due to the
maskirg long delag in the reverberarfi 6 . C o n c &hete Bsiatgndency that also the
attack time are longer in the reverberant . C o n c (discas&d/measured later).

E.2) STRENGHT COMPARED TO G[dB] MEASUREMENTS IN VALEN

The Valen hall has free hanging sidea | coni es wi t(ske App@@)oAwrasteda nd s 0
effect of this is that He Acoustics Measurements Reposhows that the eary strengh

(G,early) changesust 0.1 dBwhen changing from a dampened hall to a fully reverberant

setting The late reverb, however, changes increases some 1.6 dB from a setting comparable

to i2.Chambeo to fi6.ConcertBi@. These G measurements are in good agraemih the

almost 0 dB change found in E.1 from the recordif@<€ to 2.0 dB, with the highest values

for the Apeak soundso). The ndal mosdqvaesr oo ct
inE.l.mi ght i ndicate a sl i gh tiandinceanmgtramntiserplay on o f
somewhat softer in the most reverberant setting ( C o n c).g(Eatlids measurements

music rehearsal rooms showb@ger compensation, see HalmradtMu si ci anEs Per
Timbre andStrengthh n (t oo) Pmal | Roomso

Unfortunately, we do not have-@easurements for Zetlitz.
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E.3) FREQUENCY SPECTRUMfor the entire length of music)

-10

-15

-20

-25

-30

- === 2Chamber

35 —— 4Amplified

5.Zetlitz
40

oy PP 6.ConcertBig

45

-50

55 h—

-60

100 1000 1¢000
We see that the spectre is almost the same for all settings! However, Zetlitz gpraswahat
higher Abrillianceo.

E.4) SPECTRAL CENTROID

Spectrum Centre of Gravity(Praat,Power=2 (standardfi S ptral Centroid) was measured

from the recordings of the entire music. In the second column, this is compared with the
spectre of the reverberation timersus frequencffrom the T30 values in the figeronp. 5).

This i s odntradivonabs ¢ aa aimet er, which might be ¢
Reverberation Timeo (linear frequency)
Sp.Centroid fiSp.Centroid of RTO
A ZZhamber w/rehearsal curtain 709 Hz 865 Hz
n3.Amplified: 727Hz 853 Hz
n5.Zetlito: 823 Hz 729 Hz
f6.ConcerBigo: 720 Hz 907 Hz

The two parameters are of course not directly comparable, bae&tbat that thecolumns

show oppositetrends From the recordingsZetlitz includes less reflections/rave more
Adirect soundo, and s h o wBromathe hevegbleration timeno u nt
measurements, the big, "dna mpened Valen shows the most A b
(PS! The flexible absorbers in Valen are curtains, so the damping is niainhgid-/high
frequencies). Thisomparisornindicatesthat the amount of reverberation might influence

the reductionofibr i | i anceo more than the actual re\
This might indicate thaadding reverb will reduce high frequencies (also when the reverb

has a (moderate?) increase of reverberation for high frequencigs(This is of course

somewhat analogue to how pass filters are made, taking the mean of several delayed samples

|l i ke a fAismoothingo of the signal)
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DRUMS SOLQ SpectraCentroid over time
Blue=Ai4. Ampl i fiedo
Orange=en 6. Concerto

P P b e e e b e e e E e e
05 L 15 . 2 45 i] 35 ft 45 55 g

] .
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For the first part it seems like the longer reverberationi i®& . C o n c gived a8Bhighed
spectral centroid, but this is the opposite for the late part. As the drum part is somewhat
improvised, this measurement might of course not be significant.

The following figure shows the Spectral Centrdior the STRING QUARTET whiclplays
bt nibatiitoatada it dhimtrtd
I ] % F 4 &

fi IE 1

. :'|! L

i | 4
! : iy .ﬂi‘:‘f*

AT

V' .

\|I||I|\I|I‘|\|I \|\ |I‘I ‘\'I\'I"I'II'\ |\‘IIILII
This measurement mightditate a higher Spectral Centroid for thed . Co n c ettingBi g o

thanforthi 4 . Ampmof eeddryo acoustics of the Valen

|
i
] .,J

"
i

This might indicate that the slow Abuil d upd¢
gets more benefit from theriger reverb.
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F) NOTE-LENGTH

F.1) NOTELENGTH DRUMS SOLO

The MIR toolbox paramtersii mi r Not e(@nddigni h &t t a g kwas mvestigated, but
showed invalid results of minor interest for parts with more than one voice, even after
filtering therecordinggrmirfilterbankd, probably because the algorithm has problems detecting
each attack correctlyFor the 2bar Rock with drums solo, the result was somewhat more
interesting:

Chamber Amplified c»7etlitz Concert
1,2
1
0,8
0,6
0,4
0,2

(6]

445 sec.

Median: (Tone length, drums solo)
(start and end notef the drums solskipped due tooverlapby other instrumenjs
2. Chamber 4 Amplified 5.Zetlitz 6.Concert
041 0.40 0.27 0.44

There are still some uncertainties regardingnifiro finds the actual attackdut themain
result is that thenote lengthsare clearly shorter fofi5.Zetlitzo. It is also reasonable that
fi2.Chambeo is slghtly higher thanfi4. Amplifiecb, and thatfi6.ConcertBgo shows the
longestnote lengthIn general, however, the paramefemi r n o t eldes nog give @xact
information about what is happening regardimgte length and we need to inspect the
recordings more in detalil.

F.2) ATTACK TIME; DRUMS SOLO (mirtoolbox)
«5.Zetlitz» «6.ConcertBig»

Attack Time, 5.ZetlitzTrommer.wav N Attack Time, 6.ConcertTrommer.wav

2 . . . . . . . . . .
0 1 2 3 4 5 6 7 8 9 10 3 4 5 6 7
Temporal location of events (in s.) Temporal location of events (in s.)

The attack time is longer in the reverberar6.ConcertBig» than in «5.Zdlitz».
(Apart from the very last stoke(s) which must be due to different performance).

Unfortunately Mir Toolbox did not manage to detect and analyse the attack of each

instrument for the String Quartet and jazz/rock, soithe r a did aat sliow relible results
for polyphonic parts (even aftélitering usingi mi r f i ).t er banko
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F.3)NOTELENGTH DRUMS SOLCrom Spetrogram
The «act lengthof each toneshownin spectrogramss, of course, dependeon the FFT
window (and the Gain for the colourd)ut since this (and the other settings) were the same

for both analysis, we can inspect the relative lengths.

Zoom in on the first part of the drum solos (skipping the first «overhanging note):

| 2. Chamberw/Rehearsal curtan I

4. Amplified

&. ConcertBis

First part of DRUMS SOLO (Melodic Range Spectram):
Upper Curve:n 5. Z e tolwar Cuzve:i 6 . Concert Bi go

uy I I I I I I I I 1 1 1 | 1
grg | } | } | | | | | } | | i
k | | |

T e L ]

08 | ) | | | |

09383814400z 1 b YR b b L

164468096

 S—
(1336
[1162
(1076
[ 9901
[ 9041
[7321
[ 645
[569
[ 4731
[ 3011
[216
[129
(3474
ue

06
03
00
03

|
0630369 44100z | | | :
na (e B e T T o O I S S

| AR

This analysisclearlyshowlonger deay in the reverberaiit 6 . C 0 namdeatsa lenger/softer
attack!'Each beat appears to be almost 0.5 s longer
PS! The first note is probably an overhanging tone fraimmgret in the earlienv@ng part.
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F.4) NOTE-LENGTH STRINGS

Peak Frequency Spectrogram:
Upper:i ZZhambemw/RehearsaCurtaind
Lower:fi 8Concert Big

Tempohalf note MM =60

0 1s 2s 3s 4s
For the chosesetting ofGainand FFFwindow for this spectrograms, the length of thelael
pizzicatos(C#s and G#s) arghown to beabout 50% longer ifi 6 . C o n ¢ eompar@d tg 0
A ZZhambeo. In i6.Concerd, strings are perceived to bstronger, more reund», because

they are longereven if the spectral centroid etc. does not smtmuch difference (see also
App. 5.1).
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