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Elucidation of the influence of directivity of the piano on music listening impression in a hall 
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Fig.1 : Arrangement of the piano and receivers in the 

floor plan. Se and Sc for end-/center-stage style. 
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Table1 : Relative SPL at the nearest receiver on 

the reference condition. 

�

�

���*5	,K� � 2(a)%²âÜö'

��'ēà8Ċ�. $�, gŉ×"(²â

'ÀŊ(±���æ&�V$öÎ�Ä'x

µ#$��	  [Ŏŉ×"(Œŉòĵp"Ą

Ðŉ�Óļā"	3Œ²â	3'Þc%�


!(J9G2êňWÌ×�%¾
Î�

Ä�ú5!
4œ,�ŒŎË"(�'×�

'ŉò2Ň5�fė"RLQ'WØ�Ĥ

25ŒÖ.W×�*'Î�Ä�Ñ�54œ

²âö�"(WÌ×�2J9Gěň×�

%.!Î�Ä�¾,4##/%ŒŎË"

(siā%RLQ�WØ�4�#�74œ

BSCUADU@�"(Œ²â8���#

"J9Gêň#ěň'´8±���4|à

�^Å�54œ�

���#H	,K� � 2(b)%J9G'×

�8�������'ēà8Ċ�œ[Ŏŉ

×"( 30 °�ĳ%d�!siā$xµ/�

×�%ċ}�ŒJ9G2êňXÌ×�'

RLQWØ�ĉī",4œ÷%ŒŎË'W

ÌXÌZĎ"(ĺ×%.!'RLQ��

(±��$�!�3ŒZoIQ>FU¶'

n´8ĕ��4|à�^Å�54œ��

4N B.'L�
4.1�B.'L8D�
��öŊ«t' 6chuû?ADO[3]8ü
!Œ

ģōę(10�60aþ¥ 20�)%Ûí%Ģ 3'

Þc®'ľŉ8ÒĊ�ŒĢ 4 'ĪjĬ%�


!V®îĴĪj(13 ìń)8���œz�

!Œ�Þc8ky%ÒĊ�Œ¦,��8Ĕ

�ā%Īj���œ 

4.2��)9I���B �G	6F�
V®îĴ'Þc®í%¹�m' t ä©8ġ

��ēà8Ģ 5 %Ċ�œĢ[ŒÜÆ´�ä

w�5�Þc®8¹�m'êį"ğx.�

�œ,�Œ�Ěfė'ŉ�RLQñ©ēà

#�!Œ�Þc®'�óÞc%®�4îĴ

Þc'RLQ´8� 3 %Ċ�œĪj%ŌĠ

$´�ú5� No.8,11 "(ZÛ"�ç'q

�#$���Œsiā% Chopin"ÜÆ´�

 �äw�5�œV×ŒRLQ´'q�(

ZÛ"Â��/VĞ�!
$
œe�ŒÛ

%12�ŉ'Ēč�'Īj# 4kHz 'RL

Q´'q�(1�®Ã�!
4œbŃ"(

Þc'ÀŊ8�.0�
Chopin'Īj%�


!Ę�4œ�

!J<1�	,K� Ŏŉ×'Î�Ä�¾


WÌŎË"(Ēč��(�,3�ŒĲŇ

8ĵ�Ç�!
4œV×ŒÎ�Ä�½
X

Ì"(ŉĽÇ'gX##/%ķĪj#$3Œ

á2�TëŊÇT~,5Ç/¡,�WØ�

!
4œ�

!J<M	 	,K� êňŎË"(á2

�TëŊÇT~,5Ç�WØ�4'%®�

!ŒXÌŎË"( No.2"gĪj'gË13

Ēč��(�,3�ŒĲŇ8ĵ�Ç�!


4œ��

���#H	,K� �ĳ'ÀŊ(siā

%WÌ"±��Œêň#XÌ"¡,
œ÷

%XÌ"( No.2#Ùĉ%ķq�%	3Œ�

ĳ%13Î�Ä�¾,3Œê®Úêň'�

Į%ĵ 
�/'#Ę�254œ�

 



Table 2: Two pieces of music for the listening 
experiment. 

�

Table 3: Pairs of listening conditions for 
comparison. 

�

Table 4: Evaluation terms and rating scales. 
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Table 5: Results of t-test for mean values.�
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Beethoven Op.27-2 3rd Mov., Bar. 1-14 (20sec)
Chopin Op.22 Grande Polonaise Brillante, Bar. 1-16 (30sec)

Variable factor No. Reference Target
1 Rc3 Rc2(High)
2 Rc3 Rc4
3 Rc3 Rc3(High)
4 Rc4 Rc4(High)
5 Re2 Re2(Rot)
6 Re3 Re3(Rot)
7 Re4 Re4(Rot)
8 Rc3 Rc1
9 Rc3(w/oLid) Rc1(w/oLid)
10 Rc1 Rc1(w/oLid)
11 Rc3 Rc3(w/oLid)

Orientation(Rec.)

Height(Rec.)

Rotation(Pf.)

Lid(Pf.)

3 2 1 0 1 2 3

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11
-0.15 -0.38 -0.30 -0.15 -0.58 -0.03 0.38 -0.55 0.60 0.28 -1.00
-0.30 -0.88 -0.60 0.05 0.08 -0.58 0.40 -0.88 -0.43 0.40 -0.85
0.43 -0.78 -0.53 0.40 -0.30 -0.20 0.83 -1.78 0.15 0.38 -1.83
0.38 0.55 0.63 -0.05 0.35 0.08 -0.48 1.55 0.00 0.15 1.43
-0.28 -0.20 -0.15 -0.05 -0.03 -0.08 0.25 -0.48 0.10 0.18 -0.38
0.33 0.23 0.35 0.05 0.25 -0.20 -1.15 1.78 -0.50 -0.45 1.70
-0.13 0.18 -0.05 -0.08 -0.05 0.03 -0.35 1.38 0.05 -0.55 0.98
-0.08 -0.28 0.03 -0.05 0.25 -0.13 -0.05 0.83 0.20 -0.45 0.48
0.23 -0.85 -0.15 0.30 0.23 0.43 1.00 -0.85 0.35 0.20 -1.10
-0.45 -0.40 0.00 0.08 0.20 0.28 0.15 -0.65 0.25 0.73 0.20
0.70 -0.73 -0.45 0.83 0.48 0.90 1.53 -1.58 0.53 0.65 -1.23
0.23 1.08 0.70 -0.23 0.05 -0.40 -0.60 1.43 -0.25 -0.48 0.80
0.45 -0.1 -0.10 0.05 0.43 0.08 0.63 -0.03 0.20 0.08 -0.48
-0.75 1.03 0.45 -0.45 -0.25 -0.58 -1.35 1.95 -0.15 -0.48 1.23
0.30 1.20 0.88 -0.28 0.55 -0.63 -0.85 1.58 -0.05 -0.50 1.53
0.18 0.60 0.90 0.23 0.55 -0.45 -0.58 0.93 0.15 -0.25 0.85
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Fig. 2: Relative SPL distributions on the two planes (h = 1.5, 4.0 m) from the real piano:  
(a) with/without the piano lid, (b) straight and 30 degrees rotation in piano direction. 

 
 
 
 
 
 
 
 
 

 
 
 

Fig.3: Leq differences of target-to-reference in octave bands. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4: Averages and distributions of preference score for the variation of listening conditions. 

-6 

-4 

-2 

0 

2 

4 

6 
 

(b) Chopin

D
iff

er
en

ce
 o

f L
eq

 [d
B]

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11
Orientation Height Rotation Lid

Listening conditions

-6 
-4 

-2 

0 

2 

4 

6 
(a) Beethoven

D
iff

er
en

ce
 o

f L
eq

 [d
B] M(250-500 Hz)

4k Hz

L (63-125 Hz)

H(1k-2k Hz)

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11
Orientation Height Rotation Lid

Listening conditions

-3 

-2 

-1 

0 

1 

2 

3 

0 

20 

40 

60 

80 

100 

Av
er

ag
e s

co
re

 

Pe
rc

en
til

e[
%]

  

(a) Beethoven

     
    

Rc3 Re2 Re3 

Re4(
Rot)

 
Re4 

Re3(
Rot)

 

Re3(
High

) 

Re4(
High

) 

Rc1(
w/oL

id)
 

Re2(
Rot) Rc1 

Rc3(
w/oL

id)
 

Listening positions 

-3 

-2 

-1 

0 

1 

2 

3 

(b) Chopin

Listening positions 

Re2 

Re3(
High

) 
Rc3 

Re4(
Rot)

 

Re3(
Rot)

 
Re3 

Re2(
Rot)

 

Re4(
High

) 
Re4 

Rc1(
w/oL

id)
 

Rc1 

Rc3(
w/oL

id)
 

0 

20 

40 

60 

80 

100 

Av
er

ag
e s

co
re

Pe
rc

en
til

e[
%]

 

-2 -3 -1 0 1 2 3


