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ABSTRACT

Reliable loudness calculation of audio material is an essential component for professional content production
and delivery. While ITU-R BS.1770-4 has become a well-established standard for loudness measurement of
channel-based content, it remains unclear how well the loudness of Scene-Base Audio content, i.e., (Higher-Order)
Ambisonics, can be estimated with it. This paper presents a listening test to assess the perceived loudness of Scene-
Based Audio at different HOA orders and rendered to different loudspeaker layouts using the EBU ADM renderer.
The results indicate that perceived loudness is merely a function of the audio material and only slightly differs
across loudspeaker configurations and HOA Orders. For comparison, the loudness is also estimated directly from
the 0th-order coefficient, and indirectly from the respective loudspeaker feeds in accordance to ITU-R BS.1770-4.
It was found that both methods moderately but consistently underestimated the perceived loudness.

1 Introduction

Content-dependent loudness estimation has become
an important requirement in professional content pro-
duction to facilitate consistency across different deliv-
ery channels, as well as a foundation for regulatory
loudness compliance (see e.g., [1, 2]). Over the past
decades, audio formats have diversified, from stereo to
multichannel and, more recently, Object-Based Audio
(OBA) and Scene-Based Audio (SBA) [3]. This change
in the delivery of audio content has called for standard-
ized loudness calculation methods that are adapted to
each format.

ITU-R BS.1770-4 [4] specifies how loudness of
channel-based content can be calculated for various
loudspeaker configurations (e.g., [5]). The other two

immersive audio concepts, OBA and SBA, are not di-
rectly supported yet but, as stated by Norcross et al.
[6], the loudness of audio objects can be indirectly
calculated via BS.1770 when rendered to loudspeaker
feeds first. A similar approach can be taken with SBA
content: estimating loudness via BS.1770 based on
the loudspeaker feeds which are created by a renderer.
Consequently, this raises the issue of the reliability of
loudspeaker rendering of SBA content. Overall, there
is very little literature on the matter of perceived loud-
ness and the influence of the HOA order, loudspeaker
configuration, or any other specificities of the renderer.

Also, rather than having to render first, it would be
more elegant and likely more computationally efficient
to calculate loudness from the SBA coefficients directly.
Along this line of thinking, Boehm and Keiler [7] pro-
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posed to estimate the loudness of SBA content by mea-
suring the loudness of the 0th-order coefficient (a.k.a.
the W-channel) directly via BS.1770, under the pre-
sumption than a loudness-preserving renderer is used
for reproduction. However, to the authors’ knowledge,
no formal listening tests have been published where
loudness perception was studied in the context of SBA
and considering loudness estimation methods.

In this paper, we investigate the loudness of speaker-
decoded SBA content. The authors organized a listen-
ing test in two different laboratories, whereby repre-
sentative program material has been decoded to sev-
eral loudspeaker layouts using a state-of-the-art HOA
rendering methodology. The goal of this study is to
provide answers to the following questions:

1. How does subjective loudness vary as a function
of the HOA order and loudspeaker configuration?

2. How accurately does ITU-R BS.1770-4 predict the
perceived loudness in the context of loudspeaker
rendered SBA content?

3. Can loudness be accurately predicted directly
from the HOA coefficients, e.g., as in [7]?

2 Testing Methodology

2.1 Test Design and User Interface

The test employed a procedure similar to that described
in the loudness experiments by Silzle et al. [8]. In
an acoustically optimized multichannel listening room,
participants were placed at the central listening position
of the loudspeaker array. They were asked to adjust the
gain of the sound stimuli so that the resulting sound
level matched that of a reference stimulus.

The test user interface, which was programmed in
JavaScript and MaxMSP, is depicted in Fig. 1. The
gain was adjusted by scrolling up or down using the
mouse wheel, or by clicking “Increase gain” and “De-
crease gain” buttons, respectively. Similar to [8], the
playback gain was increased and decreased in 0.25 dB
steps. At any time during playback, participants could
switch between the reference stimulus and the stimulus
under test by clicking on the corresponding GUI but-
ton or by pressing the “R” key on the keyboard. Gain
adjustment through scrolling or clicking was only pos-
sible while listening to the test stimulus. Participants

listened to both stimuli as often as desired but could
only proceed to the next trial after they adjusted the
gain at least once.

Immediately before the actual test, all listeners partic-
ipated in a training session to familiarize themselves
with the user interface and the loudness alignment task.
The initial gain of each trial was randomly set between
-10.0 and 10.0 dB in 0.25 dB steps. Every test partic-
ipant had to listen to every stimuli, and the order in
which they were presented with the stimuli was ran-
domized.

Fig. 1: Graphical User Interface of the listening test

2.2 Loudness Reference

For every test trial, the loudness reference stimulus
was the same monophonic female speech recording,
presented to the participants through the center loud-
speaker. This signal was chosen because it was already
used as the reference by Silzle et al. [8] and other loud-
ness experiments. It has a calculated loudness of -28.55
LUFS per ITU-R BS.1770-4.

2.3 Stimuli

The stimuli consisted of ten different audio scenes
as summarized in Table 1. The stimuli were chosen
to represent a variety of genres, types, and spatial
characteristics. As the aim of this study is to character-
ize the loudness of scene-based audio rendered overs
loudspeakers, representative test items were selected
that reflect a typical SBA content, mostly ambient
sounds and music.

For each audio scene, three versions at different HOA
orders were created by order truncation (see Section
2.3.1). For each HOA order, loudspeaker signals were
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Table 1: Overview of Stimuli. Asterisks (*) indicate stimuli that were only used in one of the test labs.

Audio Scene Label Type Content HOA orders (N)

ChurchBell Recorded Ambient (urban) 1, 3, 4
Highway Recorded Ambient (traffic) 1, 3, 4
Playground Recorded Ambient (urban / people) 1, 3, 4
Waves Recorded Ambient (ocean waves) 1, 3, 4
Nutcracker Mixed Symphonic music 1, 3, 6
Blues Synthetic Music (guitars and singer) 1, 3, 6
Percussion Synthetic Music (drums) 1, 3, 6
Workshop Synthetic Ambient (industrial) 1, 3, 6
Organ* Synthetic Music (organ) and ambiance 1, 3, 6
Factory* Synthetic Ambient (industrial) 1, 3, 6

rendered to three different speaker layouts (see Section
2.3.2), resulting in 3 · 3 = 9 stimuli per sound scene,
and 90 individual stimuli in total. All stimuli were
rendered to 16-bit 48 kHz WAV files and their duration
ranged from 12 to 20 seconds.

2.3.1 HOA Order

Of the ten different audio scenes, four consisted of sig-
nals recorded with a spherical microphone array, five
scenes consisted of audio signals that were panned in
the HOA domain as point sources and one scene con-
sisted of a mix of recorded and panned signals. For
every “recorded” scene, HOA signals were acquired
using a popular 32-channel spherical microphone array
(em32), limiting the maximum HOA order to 4. For
synthetic scenes the maximum HOA order was arbi-
trarily chosen to be equal to 6. Table 1 summarizes the
tested HOA orders for all audio scenes.

2.3.2 Loudspeaker Rendering and Layouts

Table 2: Speaker Positions of the tested configurations
Azimuth Elev. 0+2+0 0+7+0 4+7+0

0◦ 0◦ × ×
±30◦ 0◦ × × ×
±90◦ 0◦ × ×
±135◦ 0◦ × ×
±45◦ 30◦ ×
±135◦ 30◦ ×

The HOA signals were rendered to three loudspeaker
layouts, chosen amongst the configurations described

in ITU-R BS.2051 [9]: “0+2+0” (stereo, Layout A),
“0+7+0” (Layout I) and “4+7+0” (Layout J), see also Ta-
ble 2. The stimuli were rendered from the HOA format
to the loudspeaker channels using decoding matrices
generated by the EBU ADM Renderer (EAR) [10, 11].

The EAR implements a version of the so-called All-
RAD ambisonic decoder, described in [12]. The prin-
ciple used for the calculation of the AllRAD decod-
ing matrix can be described as follows: first, the am-
bisonic signals are decoded to a large number of evenly-
distributed virtual speakers; second, the virtual speak-
ers are panned to the actual speaker layout, typically
using some variant of VBAP [13]. Mathematically, this
is expressed as follows :

D = νGY−1 , (1)

where D is the NSPK×NHOA HOA-decoding matrix, G
is the NSPK×NVIR matrix of panning gains, and Y is
the NHOA×NVIR matrix of HOA coefficients for the
virtual speaker directions, with NSPK, NVIR and NHOA
the number of actual loudspeakers, virtual loudspeakers
and HOA signals, respectively. Matrix Y is given by:

Y = [y(Ω1), y(Ω2), ..., y(ΩNVIR)] , (2)

y(Ωi) =
[
Y 0

0 (Ωi), Y−1
1 (Ωi), ..., Y L

L (Ωi)
]T

, (3)

where Y m
l (·) is the order-l, degree-m, real-valued spher-

ical harmonic function and Ωi is the direction of the
i-th virtual speaker. In the EAR, these directions corre-
spond to a 5200-point Spherical-T design.

In Eq. (1), ν is a normalization parameter which is
calculated so that, on average over every direction, the
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total speaker signal energy is unitary in the presence of
a single unit-amplitude plane wave. In other words, ν

is given by:

ν =

√
NVIR

‖GY−1Y‖F
, (4)

where ‖ · ‖F denotes the Frobenius norm.

Nevertheless, note that, even though the decoding ma-
trix is energy-normalized on average over the sphere,
the total speaker signal energy may vary as a func-
tion of source directions. Referring back to Eq. (1),
the calculation of matrix D can be interpreted as find-
ing the combination of spherical harmonic functions
that matches best the panning function G. Matching
a selective panning function by combining low-order
spherical harmonics is difficult and typically results in
mismatches, which depend on the speaker layout and
on HOA order. Therefore, the loudness of the rendered
speaker signals can vary depending on the employed
speaker layout and HOA order.

Table 3: EAR rendering characteristics for the
tested configurations. emin/max: mini-
mum/maximum speaker signal energy; σ :
standard deviation over every possible source
direction

Speaker layout

HOA order 0+2+0 0+7+0 4+7+0

-2.2 -2.7 -1.0 emin (dB)
1 1.6 1.6 1.3 emax (dB)

1.0 1.1 0.6 σ (dB)

-1.6 -1.4 -1.9 emin (dB)
3 1.9 1.3 1.5 emax (dB)

1.1 0.6 0.8 σ (dB)

-1.7 -1.5 -1.9 emin (dB)
4 2.1 1.0 1.5 emax (dB)

1.1 0.5 0.8 σ (dB)

-1.4 -0.9 -1.7 emin (dB)
6 1.8 0.7 1.5 emax (dB)

1.1 0.3 0.5 σ (dB)

Table 3 presents some characteristics of the HOA de-
coding matrix used in this work. Depending on the
HOA order and speaker layout, the energy of the
speaker signals can vary about 3 to 4 dB between the
direction for which it is the loudest and that for which it

is the quietest. However, for every tested configuration
the average deviation from the mean speaker energy is
less than 1.1 dB, which indicates that the speaker gains
are close to the average for most directions. In sum-
mary, large loudness variations were not expected as a
function of HOA order or speaker layout, but discrep-
ancies could occur in the case where the scene contains
sources located in specific positions.

3 Test Facilities

3.1 Test Lab A

Test Lab A consisted of an office room fitted with 12
Genelec 1031 loudspeakers. The walls were covered
with sound absorbing clothing and a heavy curtain
could be pulled at the back of the room. The approxi-
mate dimensions of the room were 7 x 5 x 2.5 m, which
fulfills the ITU-R BS.1116-3 [14] criteria. The mea-
sured reverberation time was slightly too dry at high
frequencies according to ITU-R BS.1116-3. Neverthe-
less, this was not expected to affect significantly how
test participants perceive the loudness of stimuli. The
overall playback gain of the stimuli was manually ad-
justed to a comfortable level. The resulting reference
stimulus sound level was measured at approx. 62 dBA.

3.2 Test Lab B

Test Lab B is equipped with 28 Genelec 8240A full-
range loudspeakers (fed with digital AES/EBU input)
and 2 Genelec subwoofers. They are arranged to pro-
vide a variety of loudspeaker setups (e.g., those defined
in ITU-R BS.2051-3). All loudspeakers are calibrated
using Genelec’s GLM 3.0 AutoCal software for the
central listening area. The impulse responses and op-
erational room response curves are within the defined
tolerance limits as defined in ITU-R BS.1116-3. A
background noise rating of NR 10 is fulfilled for fre-
quencies up to 1000 Hz. For higher frequencies (2000
to 8000 Hz) a background noise rating of NR 15 is
achieved. The listening level is calibrated in accor-
dance to EBU R128.

4 Results

4.1 Test Lab A

The listening panel for Test Lab A consisted of 16
listeners (three female and 13 male). Most of the lis-
teners had background in spatial audio and experience
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Fig. 2: Results of the test carried out in Test Lab A. (Mean and 95% confidence interval).

in listening tests. All listeners reported having normal
hearing. As listeners did not repeat the test in Lab A, a
simple post-screening was done to identify and discard
potential outliers. Two different criteria were exam-
ined: the correlation coefficient, γ , of the participants
ratings with the average rating and the relative distance,
d, of the ratings to the mean rating. The correlation
coefficient and distance for the i-th participant were
calculated as follows:

γi =
ri

T ra

||ri|| · ||ra||
(5) di =

||ri− ra||
||ra||

(6)

where ri denotes the vector of ratings for participant
i, ra denotes the vector of ratings averaged over par-
ticipants, and ri and ra denote the centred version of
the vectors. The resulting values are shown in Table 4.
Participants 4 and 14, who had the lowest correlation
coefficient and greatest distance, respectively, were not
considered in the rest of this study.

Figure 2 summarizes the results obtained by Test Lab A
(after post-screening). Clearly, the perceived loudness

Table 4: Post-screening data for the participants in Test
Lab A. Listener 4 and 14 were discarded.

i γi di i γi di

1 0.92 0.43 9 0.94 0.30
2 0.75 0.36 10 0.89 0.35
3 0.90 0.32 11 0.90 0.33

(4) (0.59) (0.36) 12 0.74 0.46
5 0.69 0.39 13 0.75 0.32
6 0.83 0.57 (14) (0.68) (0.91)
7 0.78 0.32 15 0.75 0.49
8 0.84 0.33 16 0.72 0.37

mostly depends on the scene. This was expected as, by
design, neither the HOA order truncation or playback
over different layouts should greatly affect the result-
ing sound level. Looking at the results more closely,
however, perceived sound levels seem to vary across
loudspeaker layouts. Specifically, stimuli appear to be
judged slightly louder using the 0+7+0 layout.
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This effect was confirmed by a three-way Analysis of
Variance (ANOVA) with factors “Item”, “Layout” and
“HoaOrder”, the results of which are reported in Table 5.
Both the Item and Layout variables had a statistically
measurable influence on loudness (p-value < 0.0001).
However, note that the factor “Item” was found to have
a much larger influence than that of the factor “Layout”,
as the former accounted for approximately 52 % of the
total variance compared to about 2 % for the latter. On
the other hand, the HOA order had a p-value of 0.20
and was thus found to have no significant effect on
perceived loudness. As well, no significant interaction
between factors was detected. A Bonferroni post-hoc
test further confirmed the statistical significance of the
results concerning the Layout factor and showed that
the three speaker configurations were perceived as dif-
ferent from each other.

Table 5: ANOVA results for Test Lab A

Effect df F p

Item 8 155.86 <.0001
Layout 2 29.8 <.0001
HoaOrder 2 1.6 0.20
Item*Layout 16 0.69 0.81
Item*HoaOrder 16 0.41 0.98
Layout*HoaOrder 4 0.86 0.49

The perceived loudness was compared to the values
predicted from the speaker signals using the algorithm
specified in ITU-R BS.1770-4, shown as black crosses
in Figure 2. There are significant differences between
the measured and predicted loudness values, with stim-
uli perceived as much as 6 LUFS louder than the pre-
dicted value. The difference is particularly large for
the Waves and Workshop scenes. Coincidentally, these
two scenes exhibit a relatively large dynamic range
and some participants reported that they had difficulties
when adjusting the gain of the corresponding stimuli.

The agreement between the perceived loudness and its
estimate using the BS.1770-4 algorithm is illustrated in
Figure 3 (top). This relationship can be approximated
via the linear equation y = −0.35+ 0.85x. However,
the correlation between the fitted and measured data is
relatively low (R2 = 0.45). The agreement between the
perceived loudness and the HOA loudness prediction
method described in [7] is also shown in Figure 3
(bottom). The accuracy of the prediction seems on
par with that obtained with BS.1770-4, with a similar

correlation coefficient (0.44). However, the slope
of the linear approximation is significantly different
(0.66 instead of 0.85). To summarize, both loudness
prediction methods tend to underestimate the perceived
loudness, and their accuracy is comparable. Hence, it
would seem preferable to employ the method described
in [7], since it requires much less computations than
the method described in ITU BS.1770-4.
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Fig. 3: Fitting of the perceived loudness in Test Lab A
with the calculated loudness via [4] and [7].
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Fig. 4: Results of the test carried out in Test Lab B (Mean and 95% confidence interval).

Table 6: Repetition Error across listener. Listener L04, L09 and L10 were discarded due to max_abs_err > 8 dB
Error metric [dB] L01 L02 L03 (L04) L05 L06 L07 L08 (L09) (L10) L11 L12

max_abs_err 7.50 6.00 6.50 (8.75) 6.75 7.25 7.75 6.25 (16.75) (8.25) 4.5 7.75
avg_abs_err 2.14 1.93 1.92 (2.80) 2.50 1.90 1.90 1.57 (4.40) (2.46) 1.29 2.07
std_abs_err 1.48 1.41 1.47 (2.13) 1.78 1.57 1.33 1.30 (3.13) (2.18) 1.00 1.51

4.2 Test Lab B

The listening panel for Test Lab B consisted of 12 lis-
teners (two female and ten male). All listeners reported
having normal hearing, had background in spatial au-
dio and participated in listening tests before. Each
participant executed the listening test twice. To pre-
vent fatigue, the repetition was done on a different day.
Table 6 shows the maximum, the mean, and standard
deviation of the absolute repetition error across sub-
jects. Based on the listener’s maximum absolute repeti-
tion error, listeners L04, L09, and L10 were discarded
from the analysis. Moreover, these three listeners had
a standard deviation of the absolute repetition error of
more than 2 dB. After this post-screening, the average
repetition error decreased from 2.25 dB to 1.91 dB.

The test results of test lab B are shown in Figure 4, de-
picting the average loudness ratings and the 95% con-
fidence interval (t-distribution). Red squares indicate

the loudness calculated via the rendered loudspeaker
signals according to ITU-R BS.1770-4.

Figure 4 indicates a good agreement of the calculated
loudness based on the loudspeaker feeds via BS.1770-
4 with the test items Blues, ChurchBell, and High-
way. Generally, the calculated loudness underestimates
the perceived loudness ratings from the listening test,
especially for the item Workshop and Waves. Scat-
ter plots of the calculated BS.1770-4 loudness and
the loudness calculated via [7] to the perceived loud-
ness are shown in Fig. 5. The perceived loudness
can be approximated from the calculated loudness by
the linear equation y =−2.08+0.80x,R2 = 0.60 and
y = −2.94+ 0.77x,R2 = 0.63 respectively. As with
test lab A’s results, this indicates that the two loudness
calculation methods provide a similar level of accuracy.

With regards to the different loudspeaker reproduction
layouts and HOA order presentations, there is little
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variability in the loudness ratings between the nine
different versions of each test item.

Table 7: ANOVA results for Test Lab B

Effect df F p

Item 8 56.43 <.0001
Layout 2 1.17 .3094
HoaOrder 2 0.28 .7569
Item*Layout 16 2.61 .0005
Item*HoaOrder 16 24.61 <.0001
Layout*HoaOrder 4 1.26 .2848

A three-way ANOVA (see Table 7) indicates that the
main effect Item and its interactions (Item*Layout,
Item*HoaOrder) are significant. The main effects
HoaOrder, and Layout and the interaction effect Lay-
out*HoaOrder are not significant. This is the desired
behavior from the deployed HOA renderer, as described
in Section 2.3.2.

4.3 Comparison of the Test Lab Results

A comparison of the average loudness ratings and 95%
confidence intervals obtained in the two experiments is
provided in Figure 6. Generally speaking, the results
are in good accordance between the two labs. This is
especially true for the audio scenes Blues, ChurchBell,
and PercussionA. There are only three stimuli for which
there is no overlap of the two confidence intervals:
one for the Workshop scene and two for the Highway
scene, which was perceived the most differently by the
participants of the two tests. The average discrepancy
between the loudness scores averaged over each lab is
1.22 LUFS and the maximum discrepancy (obtained
for Highway, 0+7+0, N=4) is 3.9 LUFS.

Further, some of the observed differences between the
two labs may be attributed to the fact that some of
the stimuli played over the “0+7+0” layout have been
perceived louder by the participants in Test Lab A than
by those in Test Lab B. Indeed, of the 10 stimuli that
correspond to the largest differences between the two
average loudness scores, seven were played back over
the “0+7+0” layout. For detailed data see Appendix.

5 Conclusion

Two laboratories conducted listening tests to assess
the perceived loudness of Scene-base audio content at

-32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21
Loudness calculated using BS-1770-4 [LUFS]

-28

-27

-26

-25

-24

-23

-22

-21

-20

-19

-18

-17

Av
er

ag
e 

pe
rc

ei
ve

d 
lo

ud
ne

ss
, l

ab
 B

 [L
U

FS
]

R2 = 0.6

y = x
y = -2.08 + 0.8 x
0+2+0, N=1
0+2+0, N=3
0+2+0, N=4+
0+7+0, N=1
0+7+0, N=3
0+7+0, N=4+
4+7+0, N=1
4+7+0, N=3
4+7+0, N=4+

-32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21
Loudness calculated using Boehm et al. [LUFS]

-28

-27

-26

-25

-24

-23

-22

-21

-20

-19

-18

-17

Av
er

ag
e 

pe
rc

ei
ve

d 
lo

ud
ne

ss
, l

ab
 B

 [L
U

FS
]

R2 = 0.63

y = x
y = -2.94 + 0.77 x
0+2+0, N=1
0+2+0, N=3
0+2+0, N=4+
0+7+0, N=1
0+7+0, N=3
0+7+0, N=4+
4+7+0, N=1
4+7+0, N=3
4+7+0, N=4+

Fig. 5: Fitting of the perceived loudness in Test Lab B
with the calculated loudness via [4] and [7].

different HOA orders and rendered to three different
loudspeaker layouts. The subjective loudness was com-
pared against the loudness calculated from the 0th-order
coefficient (as in [7]) and the respective loudspeaker
feeds (as in ITU-R BS.1770-4).

The test results obtained in the two labs are generally
in agreement. In both labs the perceived loudness was
found to depend primarily on the audio scene from
which the stimuli were derived. A minor influence of
the speaker layout and, to a lesser extent, of the HOA
order, were detected when examining the answers of
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Fig. 6: Comparison of the average loudness values and
95% confidence intervals for all nine conditions
per audio scene for Test Lab A (blue) and Test
Lab B (orange).

the participants. However, these two parameters seem
to affect loudness only marginally and without much
practical concern.

Moreover, in our listening tests, both estimation meth-
ods do consistently underestimate the perceived loud-
ness moderately. This could be important regarding reg-
ulatory loudness compliance. Interestingly, the calcu-
lated loudness prediction via ITU-R BS.1770-4 seems
somewhat configuration-dependent and tends to de-
crease with increasing number of loudspeakers.

These findings are partially attributable to the deployed
renderer (EAR), which ensures a relatively constant
gain accross loudspeaker layouts and HOA orders, but
can likely be generalized to other HOA renderers that
employ similar decoding strategies. A future study,
comparing the effect of at least two different renderers,
would provide additional insights in this respect.

The authors hope that this study is beneficial to refine
loudness calculation methods for Scene-based audio,
for instance in a future revision of ITU-R BS.1770-4.
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Appendix
Based on the participants in each listening lab after post-screening, this Table provides the mean level of each
stimuli with respect to the reference stimuli at -28.55 LUFS (see Section 2.2), the standard deviation (Std) and the
95% confidence interval (CI) using student’s t-distribution.

Item Layout HOA Test Lab A Test Lab B
Order Correction Std 95% CI Correction Std 95% CI

level [dB] level [dB]

Blues 0+2+0 1 -1.43 2.94 1.54 -2.76 2.33 1.16
3 -2.20 1.90 0.99 -3.11 2.43 1.21
6 -2.80 2.10 1.10 -3.72 2.29 1.14

0+7+0 1 -3.82 1.93 1.01 -3.43 2.64 1.31
3 -3.07 2.36 1.24 -3.01 2.96 1.47
6 -3.16 2.34 1.23 -3.72 2.94 1.46

4+7+0 1 -3.05 1.98 1.04 -3.47 3.35 1.66
3 -2.39 2.33 1.22 -2.96 3.11 1.55
6 -2.63 2.22 1.16 -4.10 2.7 1.34

ChurchBell 0+2+0 1 -7.11 2.18 1.14 -6.07 2.15 1.07
3 -6.80 2.57 1.35 -6.04 2.32 1.15
4 -6.98 2.56 1.34 -6.33 3.15 1.56

0+7+0 1 -7.57 2.63 1.38 -7.07 3.19 1.59
3 -8.43 2.59 1.36 -6.76 2.30 1.14
4 -8.25 2.42 1.27 -6.51 2.58 1.28

4+7+0 1 -8.27 2.58 1.35 -8.24 2.47 1.23
3 -7.66 2.81 1.47 -7.22 2.32 1.15
4 -7.88 3.10 1.63 -7.40 2.16 1.07

PercussionA 0+2+0 1 -5.71 2.27 1.19 -6.19 2.19 1.09
3 -6.25 2.60 1.36 -5.18 1.89 0.94
6 -5.73 2.75 1.44 -5.81 2.41 1.20

0+7+0 1 -8.07 2.14 1.12 -5.97 2.23 1.11
3 -5.68 2.45 1.29 -5.86 2.07 1.03
6 -6.68 2.27 1.19 -5.89 2.52 1.25

4+7+0 1 -5.86 2.31 1.21 -6.03 2.51 1.25
3 -4.73 2.55 1.33 -5.03 2.28 1.13
6 -6.63 2.05 1.07 -6.29 2.73 1.36

Workshop 0+2+0 1 -7.43 3.25 1.70 -6.04 2.52 1.25
3 -7.00 3.03 1.59 -6.00 3.00 1.49
6 -7.39 2.60 1.36 -5.68 2.71 1.35

0+7+0 1 -10.20 2.53 1.32 -7.60 3.04 1.51
3 -9.16 2.74 1.44 -7.31 2.42 1.20
6 -8.25 2.94 1.54 -6.35 3.20 1.59

4+7+0 1 -8.52 2.39 1.25 -6.43 2.94 1.46
3 -9.14 2.99 1.57 -6.10 2.21 1.10
6 -8.70 2.74 1.43 -6.69 2.77 1.38

Highway 0+2+0 1 -7.39 2.44 1.28 -5.96 2.44 1.21
3 -7.38 2.07 1.08 -6.24 2.53 1.26
4 -7.00 2.11 1.11 -5.92 2.82 1.40

0+7+0 1 -9.38 2.50 1.31 -6.67 2.00 0.99
3 -9.30 2.85 1.50 -6.53 2.93 1.46
4 -9.57 2.83 1.48 -5.67 2.89 1.44
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4+7+0 1 -8.80 2.87 1.50 -6.35 2.82 1.40
3 -8.13 2.31 1.21 -6.18 3.28 1.63
4 -7.68 3.58 1.87 -6.67 2.81 1.40

NutCracker 0+2+0 1 -0.50 3.10 1.62 -2.50 3.45 1.71
3 -1.20 2.58 1.35 -3.10 3.59 1.79
4 -0.75 3.76 1.97 -3.28 3.44 1.71

0+7+0 1 -2.39 3.10 1.62 -3.96 3.29 1.64
3 -1.61 2.64 1.38 -2.81 3.55 1.76
4 -2.09 2.57 1.34 -3.03 3.99 1.98

4+7+0 1 -1.73 3.22 1.69 -2.46 3.11 1.55
3 -1.09 2.91 1.53 -2.83 3.45 1.71
4 -1.00 3.12 1.63 -2.69 3.58 1.78

Playground 0+2+0 1 -3.48 1.93 1.01 -3.47 3.58 1.78
3 -4.32 2.05 1.07 -3.64 2.74 1.36
4 -4.73 2.37 1.24 -4.57 3.99 1.99

0+7+0 1 -6.34 2.12 1.11 -5.03 3.06 1.52
3 -5.43 1.97 1.03 -4.50 3.57 1.78
4 -6.05 2.22 1.16 -3.40 3.03 1.51

4+7+0 1 -5.07 2.53 1.32 -3.69 2.87 1.43
3 -5.00 2.00 1.05 -3.82 4.09 2.03
4 -4.98 2.13 1.12 -3.75 3.88 1.93

Waves 0+2+0 1 -9.48 3.13 1.64 -9.00 2.68 1.33
3 -9.77 2.66 1.39 -9.43 2.69 1.34
4 -9.46 2.84 1.49 -9.36 2.79 1.39

0+7+0 1 -10.79 3.61 1.89 -10.31 2.46 1.22
3 -11.02 3.67 1.92 -8.39 2.63 1.31
4 -10.48 3.32 1.74 -9.01 2.42 1.20

4+7+0 1 -11.02 4.16 2.18 -10.22 2.56 1.27
3 -10.55 4.75 2.49 -8.85 2.16 1.07
4 -9.88 3.14 1.65 -8.93 2.46 1.22

OrganFantasy 0+2+0 1 -3.07 2.60 1.36 - - -
3 -1.96 2.19 1.15 - - -
6 -1.80 2.84 1.49 - - -

0+7+0 1 -5.11 3.89 2.04 - - -
3 -3.79 3.99 2.09 - - -
6 -4.64 2.25 1.18 - - -

4+7+0 1 -3.09 3.05 1.60 - - -
3 -2.43 2.60 1.36 - - -
6 -2.66 2.50 1.31 - - -

Factory 0+2+0 1 - - - -10.54 2.35 1.17
3 - - - -11.47 2.42 1.20
6 - - - -10.58 2.81 1.40

0+7+0 1 - - - -11.26 2.41 1.20
3 - - - -10.67 3.09 1.54
6 - - - -11.03 3.23 1.61

4+7+0 1 - - - -10.69 2.98 1.48
3 - - - -10.28 2.48 1.23
6 - - - -10.75 2.96 1.47
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