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__________________________________________________________________________________________ 

ACOUSTICS-REPORT no. 200/2016 
Tor Halmrast , Acoustician 
pb. 8106 Dep 0032 OSLO 

mob: (+47) 95191675 

e-mail: tor.halmrast@statsbygg.no, 

__________________________________________________________________________________________ 

Date: é03/06-2016éé 
 

Project: é...Stavanger Concert Houseééééé  

Issue: éé..Analysis of performed music  

       ééé..in different acoustic settings/reverberation timesé............................ 

                  

 

During the presentation ñMusic Shapes Rooms, Rooms Shape Musicò at the IMS 

conference (International Musicology Society) in Stavanger July 3rd 2016, the same piece(s) 

of music was performed with 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 by how big the changes in acoustics were. 

Even listeners who knew the Fartein Valen hall from attending (and playing) the hall 

many times were highly surprised over the demonstration.  

 

- The rough recordings do, of course, not represent the actual listening situations, but 

the changes between the different settings are surprisingly large also when listening to 

the recordings! 

 

- 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 closely into 

spectrograms, attack/release times 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, (so that each note lacks build up to a ñfull toneò for the strings). 

  

- Not only the decay time, but also the attack time is longer for the most reverberant 

settings. For fast piano (jazz, MM=200), this prolonged decay due to long reverb 

ñmasksò the attack, and thus ñsmoothesò the ñtimbreò, and reduces the ñbrillianceò. 

 

Surprisingly, the parameters most common for Musical Information Retrieval (MIR) etc. 

show NOT to be able to detect the very clearly perceived ñtimbralò differences between the 

settings. The reverberation times (and investigations of differences in tone length is the only 

way to show the differences. This seems to be a big ñholeò in the repertoire of MIR analysis. 
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A) THE HALLS  

More information about the halls is given in Appendix 

 

FARTEIN VALEN 

 

 
                                                                                       photo: Alex. R. Jensenius 

 

 

 

 

ZETLITZ 

 

  
                                                 photo: Alex. R. Jensenius 
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B) ACOUSTIC SETTINGS 

The illustrations below (adapted from the User Manual by Kahle Acoustics) shows each 

acoustical room setting, illustrating the height of the hall´s main ceiling and of the canopy 

reflectors over/in front of the stage. Also shown is the amount of absorbing curtains on the 

walls etc., and use of the ñrehearsal curtainò. (See App. 2 for details of the hall). 

 

 ñ2.Chamberò (with rehearsal curtain in addition to the pictures below) 

The setting was something in the middle of these two Chamber Settings: 

 

 
ñ4. Amplifiedò  
Fully dampened. 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). Curtain on side walls (floor + balconies). PS! The photo shows 

additional curtain/screen in front of organ, which was not used). 

 

 
 ñ5. Zetlitzò  
 Fully dampened. Small bleacher (telescopic ñamphiò) in the audience area. Curtains on side 

balconies. Stage curtains. Musicians on the ñstandard/front stageò. (Back stage not in use). 

 

 ñ6. ConcertBigò  
Setting for big, acoustic, symphony orchestras.  

(Ceiling and canopy reflectors at highest positions). No absorbing curtains. 
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C) MEASURED/STIPULATED REVERBERATION TIMES  

T30 [seconds] 

 

 
The T30 values in this figure are taken from the Acoustic Measurements Report from Kahle 

Acoustics(Valen) and Akukon (Zetlitz), manually adjusted for the actual settings of the room 

and the low number of audience (app. 30). (The T30 for Zetlitz is somewhat adjusted for the 

actual setting of this hall, by analysis of an almost single drum stroke. (See also App.3). 

 

D) MUSIC 

The same music of total length app. 3:10 (3:20) minutes was performed four times. Sheet 

music is shown in Appendix 1. 

A)               B)        C)                             D)                              E) 

 
A) Trumpet Fanfare (from Mahler 5

th
 Symph.)  

B) Added String Quartet (from the first part of the orch. score of Mahler 5
th
. 

C) String Quartet a cappella (adapted/arranged from a somewhat later part of Mahler 5
th
). 

D) MM=200. Jazz/Swing Piano/double bass/drums + Trumpet 12 bars (a theme based on the 

Norwegian national anthem, or: since it is a shortened version: ñThe Norwegian Rational 

Anthemò). Followed by 10 bars piano ad lib, and 2 bars with trumpet. 

E) Rock: MM=80. 2 bars drum solo (Slow Rock, back beat ad lib) followed by Electric 

Guitar/6-strings el-bass/drums Trumpet: 12 bars. Followed by 8 bars rock guitar solo ad lib, 

and 4 bars trumpet lead to fermata coda chord. 

 

The recording level was kept constant during all recordings. This, of course, gives a very low 

Signal/Noise ratio for the String Quartet part, but was chosen in order to investigate the 

dynamic differences between the types of music. Both halls were equipped with Steinway 

Grand, biggest model in Valen, both tuned to 442 Hz. Trumpet(C-trumpet) and drums were 

played without any amplification. Double bass/el-bass had his own, close separate amplifier. 

El-guitar (Gibson Les Paul) with a distortion pedal was equipped with the same type Fender 

Twin Reverb amplifier in both halls. For practical reasons, el-bass was used both for the 

Swing Jazz (and Rock) part in Zetlitz. The amplifiers for bass(es) and guitar were exactly the 

same in the two halls, but there might of course be minor adjustments in both gain and 

equalisations for these. No use of house PA-loudspeakers. The total session (including the 

lecture) took about 1 hour 45 min., including quick transport between the settings/halls. 
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The musicians were instructed that the acoustics of the different settings was the main issue, 

so they should play as equally in the four situations as practically possible. Minor changes in 

playing styles etc. for the different settings will of course occur, and some of these were 

analysed. 

 

The order of the settings/halls were chosen mostly for practical, stage technical reasons, but 

the first setting ñ2.Chamberò was deliberately chosen to be the first, as this should be a 

reasonably good choice for a string quartet. In all the discussions in this report, the 

chronological order of the settings is preserved, in order to be able to judge any changes due 

to the increased familiarity of performing the music, and, on the other side; any effect of 

ñfatigueò. 

 

The trumpeter was familiar with Mahler 5
th
 from his studies (and suggested this piece as the    

a cappella ñfanfareò). The string quartet and the trumpet had separate rehearsals before the 

day of the lecture/performance. The total music programme was tested in setting 

ñ2.Chamberò 2-3 times before the recordings. The drummer was instructed to play as strong 

as the styles of music indicated, and not restrict his performance (too 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 was used for setting ñ2.Rehearsalò). The other 

settings for the Fartein Valen concert hall were those used by the house for ñAmplified 

Eventsò and ñConcert Big Orchestraò. The rehearsal curtain was not used in this last setting, 

in order to investigate the maximum change of reverberation etc. (knowing that setting 

ñ6.ConcertBigò could be ñtoo muchò for these actual instruments/ repertoire). 

 

The jazz and rock parts were (somewhat) improvised (except the trumpet part), in order to get 

a typical performance, so there will of course be differences in the material for 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  

(0=setting ñ6.Concertò ) 

 

  RMS 

(MIR 

toolbox) 

dB, Mean 

(from 

Praat)  

dB, Max 

(from 

Praat)  

Leq  [dBA] 

(from 

ARTA) 

LC,peak, 

[dBC] 

(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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1s smoothing: (not calibrated 0-leve, but constant gain for all recordings) 

 
 

We see the following Dynamics:  
Trumpet solo/String Quartet:    ca 25dB 

Rock (without trpt.)/String Quartet:    > 25 dB 

 

             
Red=ò2.Chamberò, Black=ò4.Amplifiedò, Yellow=ò5.Zetlitzò, Black=ò6.Concertò 

(Time adjusted to match ñ6.Concertò) 
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Zoom in on Strings part: 

                  
STRENGHT DRUMS SOLO, first 4 seconds: 

Black= ñ.5.Zetlitzò, Red= ñ6.Concertò 

                 
                      0 (start drums solo)                                                                                                   4 sec. 

 

ñ6.ConcertBigò (Red) shows somewhat stronger peaks (2-3 dB?) than for ñ5.Zetlitzò, with 

longer decays, and the decays do not get as low in dB as for «5.Zetlitz», probably due to the 

masking long delays in the reverberant ñ6.ConcertBigò. There is a tendency that also the 

attack times are longer in the reverberant ñ6.ConcertBigò (discussed/measured later). 

 

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

The Valen hall has free hanging side-balconies with ñdownstandsò (see App.2). A wanted 

effect of this is that the Acoustics Measurements Report shows that the early strength 

(G,early) changes just 0.1 dB when 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 ñ2.Chamberò to ñ6.ConcertBigò. These G measurements are in good agreement with the 

almost 0 dB change found in E.1 from the recordings. (0.0 to 2.0 dB, with the highest values 

for the ñpeak soundsò). The ñalmost zeroò change of strength for the ñmeanò and Leq values 

in E.1. might indicate a slight ñcompensationò from the musicians, meaning that they play 

somewhat softer in the most reverberant setting (ñ6.ConcertBigò). (Earlier measurements in 

music rehearsal rooms show a bigger compensation, see Halmrast: ñMusicianËs Perceived 

Timbre and Strength in (too) Small Roomsò).  

 

Unfortunately, we do not have G-measurements for Zetlitz. 
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E.3) FREQUENCY SPECTRUM (for the entire length of music) 

 
We see that the spectre is almost the same for all settings! However, Zetlitz gives a somewhat 

higher ñbrillianceò. 

 

E.4) SPECTRAL CENTROID 

Spectrum Centre of Gravity, (Praat, Power=2 (standard) (ñSpectral Centroidò) was measured 

from the recordings of the entire music. In the second column, this is compared with the 

spectre of the reverberation time versus frequency (from the T30 values in the figure on p. 5). 

This is of course a ñnon-traditionalò parameter, which might be called ñSpectral Centroid of 

Reverberation Timeò (linear frequency). 

         Sp.Centroid   ñSp.Centroid of RTò 

ñ2.Chamber w/rehearsal curtainò:  709 Hz   865 Hz 

ñ3.Amplifiedò:    727 Hz   853 Hz 

ñ5.Zetlitzò:      823 Hz   729 Hz 

ñ6.ConcertBigò:    720 Hz   907 Hz 

 

The two parameters are of course not directly comparable, but we see that that the columns 

show opposite trends. From the recordings, Zetlitz includes less reflections/reverb, more 

ñdirect soundò, and shows a higher amount of treble. From the reverberation time 

measurements, the big, non-dampened Valen shows the most ñbrilliantò reverberation time. 

(PS! The flexible absorbers in Valen are curtains, so the damping is mainly for mid-/high 

frequencies). This comparison indicates that the amount of reverberation might influence 

the reduction of ñbrillianceò more than the actual reverberation time versus frequency. 
This might indicate that adding reverb will reduce high frequencies (also when the reverb 

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

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

like a ñsmoothingò of the signal).  
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DRUMS SOLO, Spectral Centroid over time 

Blue = ñ4.Amplifiedò 

Orange = ñ6.Concertò 

 

For the first part it seems like the longer reverberation in ñ6.ConcertBigò gives a higher 

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 Centroid, for the STRING QUARTET which plays 

the same notes in both settings. The colour code is the same as for the last figure: 

 
This measurement might indicate a higher Spectral Centroid for the ñ6.ConcertBigò setting 

than for the ñ4.Amplifiedò more ñdryò acoustics of the Valen hall. 

 

This might indicate that the slow ñbuild upò of the tone for string instruments (see App. 5.2) 

gets more benefit from the longer reverb. 
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F) NOTE-LENGTH  

F.1)  NOTELENGTH DRUMS SOLO 

The MIR toolbox parameters ñmirNotelengthò (and ñmirattack/releaseò) was investigated, but 

showed invalid results of minor interest for parts with more than one voice, even after 

filtering the recordings (ñmirfilterbankò), probably because the algorithm has problems detecting 

each attack correctly. For the 2-bar Rock with drums solo, the result was somewhat more 

interesting: 

 
                                                                                                                                    å45 sec. 

Median: (Tone length, drums solo) 

(start and end note of the drums solo skipped, due to overlap by other instruments) 

 2. Chamber          4.Amplified            5.Zetlitz                 6.Concert 

     0.41                      0.40       0.27           0.44   

There are still some uncertainties regarding if ñmirò finds the actual attacks, but the main 

result is that the note lengths are clearly shorter for ñ5.Zetlitzò. It is also reasonable that 

ñ2.Chamberò is slightly higher than ñ4.Amplifiedò, and that ñ6.ConcertBigò shows the 

longest note length. In general, however, the parameter ñmirnotelengthò does not give exact 

information about what is happening regarding note length, and we need to inspect the 

recordings more in detail. 

 

F.2) ATTACK TIME; DRUMS SOLO (mir toolbox) 

                         «5.Zetlitz»                                                          «6.ConcertBig» 

  
The attack time is longer in the reverberant «6.ConcertBig» than in «5.Zetlitz». 

(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, so the ñmirattackò did not show reliable results 

for polyphonic parts (even after filtering using ñmirfilterbankò). 
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F.3) NOTELENGTH DRUMS SOLO from Spectrogram 

 

The exact length of each tone shown in spectrograms is, of course, dependent on the FFT-

window (and the Gain for the colours), but 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): 

 
First part of DRUMS SOLO (Melodic Range Spectrogram): 

Upper Curve:  ñ5.Zetlitzò, Lower Curve:  ñ6.ConcertBigò  

 

 
This analysis clearly show longer decay in the reverberant ñ6.Concertò, and also longer/softer 

attack!! Each beat appears to be almost 0.5 s longer.  

PS! The first note is probably an overhanging tone from trumpet in the earlier swing part. 
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F.4) NOTE-LENGTH STRINGS 

Peak Frequency Spectrogram: 

Upper: ñ2.Chamber w/RehearsalCurtainò 

Lower: ñ6.Concert Bigò 

Tempo half note, MM =60  

 

           
                  0                   1s                       2s                     3s                  4s  

For the chosen setting of Gain and FFT-window for this spectrograms, the length of the cello 

pizzicatos (C#s and G#s) are shown to be about 50% longer in ñ6.ConcertBigò compared to 

ñ2.Chamberò. In ñ6.Concertò, strings are perceived to be stronger, more «round», because 

they are longer, even if the spectral centroid etc. does not show that much difference (see also 

App. 5.1). 

  

vln1 c # 
d# e 

cello pizz c# 

cello pizz g# 

vla g# 

g#vln1  (g# from cello)  

2.CHAMBER REHEARSAL 

6. CONCERT BIG 


