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Abstract 3D scan and 3D print technology are applied to design a 1:10 scaled dummy head. Ear canals model are

constructed in computer according to the size of 1/8 inch microphone. Two 1/8 inch microphones are placed inside the

scale dummy head after 3D printing. The binaural impulse responses were measured in anechoic chamber, and the values

of Inter-aural Cross Correlation Coefficient (IACC), Inter-aural Time Difference (ITD) and Inter-aural Level Difference

(ILD) are analyzed and compared between scaled dummy head and real dummy head. The scaled dummy head was

then applied in the 1:10 acoustic scale model of the concert hall in Tianjin Cultural Center. The measured IACC values

in acoustics scale model are consistent with the field measured results. It can be expected that the scale dummy head

could be used to predict spaciousness parameters and is hopeful to realize auralization in architectural acoustics scale

model test.

ÎÐÏ
ÑÓÒÓÔÓÕÓÖÓ×ÓØÓÙÓÚÓÛÓÜÓÝÓÞÓßÓàÓáãâÓäãåÓæ

çéèéêéëéìéíéî
1500 ïéðéñóòõô Ûéöé÷éøéÝ ðéùéúûÓü ÞÓýÓÙÓÚÓþÓÿ��Óâ û î ÛÓÜÓÑÓÒÓÔÓÕÓÖã×��Ó×

��������� ßÓà��ÓÙ�	�
 ð ������ æuÑÓÒãÔãÕÓÖ×ãØ��ãÖ è ùãú�� å������ãÑ������������������

� � ! ð ë " # $ � ô 
 % & ' (éÛ*) +éÛ*� û î ,- ÔÓÕ/. ð�0�1�2 "�3�4�5 Û ��� ð�6�7�8 ÛãÜ�9
Ëéð ßéàéæ;:éÛ ) 8 < Û = ð > ? � ÑéÒéÔÍÕéÖÍ× ûü�@�A & ì�B û�C 0�1�2 " ð à�D��FE�G @�A & ìH 2*I*J RT KFLÍ�*M*N*I*J EDT K�OQP*R C KFS
P*R D KUT*R*VÍË G W*X ì*B û*C 0*1*2 " ð ÛÍÜ9 ËÓð ßÓàÓæFY�Z û î ÔãÕÓÖã×�[���\�] ùãú�^�J_���� 9 Ë IACC ` Ö�a�b�c�dÓØÓÛÓÜÓÑÓÒÓÔÓÕÓÖ

* 0+2+3+4+5+6+/+7+8+9+:+;+<+=Uegf�h�i�j�k�lUm (2015ZA01)

† n�o�p�q�rts�u , arzhyzh@scut.edu.cn



1 � �����*WÍÌ 1:10
ÑÍÒ�������� ?*` �ÍýÍÙÍÚÍÛÍÜÍÑÍÒÍÔÍÕÍà*D . ð " & 123

×���� . ð�	�
 [1]
æ

ê���
90 ����� � Ning Xiang W Ü�� � M ������ & ì Ñ Ò Ô Õ à D � ��� ? 1:10 ��� Ñ Ò������4 5���� 0 1 2 " ð à D [2−3]

æ
2000 � Takayuki Hi-

daka 8 L L Beranek
ý����

Tokyo Opera City (TOC)��� ù ÛÍÜÍþÍÿ .! *& 20 mm "�#Íð�$�% Ô�& 1:10ÑéÒ������éà D�'éÑéÒ ��� 0 1 2 " � � �)(�'éÔéÕà*D K ÖÍà 8 ÿ�*�+�,�- ð�.  [4]
æ

2001 � Lorenz *& ò ?Íð���� ����� 8*� 1:12
Ñ*� ð ÑÍÒ������ë0/Óç010203040576 �0� ù (Royal Albert Hall)

4
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[5]
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2008 � Jin Yong Jeon W�8 çÜ�� &
21 mm "�#éð�$�% Ô�& 1:10
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1
æ�¡�������¢�£�¤�¥ ð !�¦ K��§ `�¨�© ��ª ��Ò�béø 520 mm×430 mm×240 mm
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1/2 in < Û = �à�D�(KK®°¯ ø
20 Hz ∼ 16 kHz, ±K� IEC959 ²³
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1.2 ´�µ�¶�·�¸�¹�º�»�������¼�½�¾��ø ��¿������éÑéÒ 
 ð Ò�b [ R �À  &�Á�Â�Ã�Ä
Leica ScanStation 2

l0m0r0s0t0u0Å ë
MK2B

�0�

� � Õ 4*5 t�uÍæ)t�u�Å ²�Æ \ } [ R ø ±1.5 mm,t�u I a �� �Ç�e R < 1 mm,
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 �Í���I ñ�
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1.3 3D ì�í 1:10 î�»�������ï�ð�ñ�ò�ó�ôõ�ö�÷�ø�ù
ZPrinter450 ú�û�ü�ý�þ�ÿ����������� þ���	�ú�û�
����0ÿ��� 3D ������� 1:10 ���������������� ������ �!�"�#�$�% ��������� 	&(' ! 52 mm, �()(* 0.1 mm +(,(-(.0/(�21(34 ������5�6�7�+�� 520 -�.�/�% 3D ��� � þ���	
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���������	�cù�
������� ������	�������!
B&K4138 (1/8 in)(

:0;
5) %��������0	���� ' !

0.8∼1 mv/Pa, ���������� "! ! 6.5 Hz∼ 140 kHz,#%$  &! ! 52.2∼168 dB % � B&K4138 �%�%�%'%()�* ����������+", 	 ��-"� %
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2.1 B�C�ó�D�E�F�G�H�I�J�K�G�L�M
õ0ö0÷7ù 	�������N�! & �	OQP�R�S�T���N��U%V S%W 0.189 ms %YX%Z%�%[ �]\�ù B&K4138 �%�

������^�����N�_�`�a�b� "!dc�e"fd`�%
��N�	�_�` '�g�h0ø0ù��  - �����2 - 1 !i�j  - � ù�
�g�h S�T���N�	�k�l�`��2 - 2 !

��m� - ��n�o�p�S�T���N 10 cm q�r���s�t����
^ 10 cm, 20 cm, 40 cm, 80 cm u�	���v�w�x���y��:�;

6 %�X�z�{�o�p�u�	�|���v�s�t�! 139.9 dBA,

133.9 dBA, 128.0 dBA, 122.1 dBA % � 8 o%p%}%~%�
v�a�b 6 dB ��� ��� ���"�d������N�	�|���v������������� ��N�	�_�`�a�b�����% i�j  - 	������� �	�QX	�Q������! 630 Hz ∼ 125 kHz 	�� 1/3

~�����z���N�	�k�l�`�� � ������������v(	�� #V X ±0.5 dB � � %�z�{���� ��� �	� ������N�	
o�p�� 
 10 cm, ��N�����	���v������ ������� _
`�a�b�����%
��N�	�e	fQ`�����X�o���N 50 cm 	�� ) u��

����������N�X�/ U�� c�'�( U�� � *�� 30◦ � �
	%�%�%v����%� �%��:�; 7 c ; 8 %�  �%�%�%¡%¢ �
N�X 630 Hz∼ 125 kHz * 4 1/3 ~���5���� � ���
v�	�£�¤�¥�¦ V�§ 
 1 dB, ��N�¨�©�ª � 	�«�e	f¬ `�%

?
6 �®�¯�°�±�²�³�° ?

?
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2.2 ½�¾�¿�À�¾�Á�Â�Ã�E�Ä�Å�B�C�Æ�Ç�È�É
Z���[ � ������������� S�T�Ê�Ë�	�����Ì�Í

X�Î�Ï�Ð�)���Ñ���Ò�	 0◦ / U�� ����% � & ��S�T
�%N%Ó ) X%o%p ��������� �]� 15 cm u�� � 8 1:10

	 ��� � ����o�p�Î�Ë�Ô � ����o�p�! 1.5 m, � 

1.2 m, X�Õ�� ) ��� ��Ö�×�
�Ø�Ù���o�p�«�Ú [9] %��������� 	 �%-&Û �%�%N�	 &�'%Ü%Ý � ����� �]�
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����������ö�� w�x�X�������� ��� ��ÿ����"� 	�Ë ù 125

	 )�
�����X B&K9640 ���z�� ø�ù���� )���� ������������ _�		�Q'�_�Î�¤���N��()��(! 0◦,
:

;
9, � ����� _�	"� � !�
���/ U  #������ �2*

� 30◦ ��� ,�� ��� S�T�Ê�Ë���n 0◦∼330◦ 6 ���
^ 12 ��%

?
9 ����������BDBEBFBGBH� �.�!�"�#�$

!�� �(�(�(�(� 	���� ����Ü Î � ��X�Z���[� ����^��0ÿ�Ô �����(� 	 ��� S�T�Ê�Ë(%���N�o
p �����%�%� 	&�]�%o%p�! 1.5 m %Y� � � ) � �������� 	�� � � ) Î�Ë�%
2.3 ½�¾�¿�À�¾�Á�Â�Ã�È�É�%�&�'�(
2.3.1 IACC ��� ��� Î �

IACC )�*�+ �����, 	�S�T�Ê�Ë(	�-(,�.�/
��0 Ü Ú�×�
��21�3 (1) c�3 (2) 4 ¢ �

φrl(τ) =

∫

te

0

pr(t)pl(t + τ)dt

√

(
∫

te

0

p2
r
(t)dt

∫

te

0

p2
l
(t)dt

)

, (1)

IACC = max |φrl (τ)| , |τ | 6 1 ms, (2)

3&� pl(t), pr(t) s%t�!5* � c5+ � 	%S%T%Ê%Ë�� te !6 s%z57�� ,58%Í 50 ms, 80 ms 9 +∞ % õ5: 	 �%�
 &!]Í 0 ∼ +∞ %YX5;5<%£%¤ ISO3382 � �>=5?5@5A
��� i � IACC 	��������� 	! !�~���5 125 Hz ∼

4 kHz[10] % \�ù DIRAC B5C�� 8���� � 1:10 �%�5D
	 ������������� S�T�Ê�Ë��EKþ�Î�Ë�	�Ô ������ S�T�Ê�Ë�F ��� D , IACC G (

: � 1), F���H��
	�Ô ������� ��� ��� (

: � 2)
Ü Î � %�n�� 1 c

� 2 �d����I�J�� / U�� � 	 IACC G V � Ø 1, K
s%�%� �%�5L%
 0.9 %NM5O%z%X 0◦ c 180◦ � ) (

Ü Ë
���� 	�/ U5P5Q5R c�/ U5P � R ) S5*5+ � 	%S%T
Ê%Ë Ü%Ý �UT IACC ©%Ñ%�5G��UH h%�%� �%Õ Ü%� �
X 0◦ c 180◦ � ) � � 4 �%��	 IACC G5V%X 0.99 �
z�% X 125 Hz∼4 kHz 	 6

4 ~�����z�� IACC 	�

G�V�X 0.99 ��z�%�X���W�� ������>�� Ø�	 2 kHz,

IACC 	�� # ª���� L G�J�X�X 60◦, 120◦ c 240◦,

300◦ 	�Î�Y�� ) z�%�Ô ������� � ��������� 	��
m ����Ü�Z ,�[�%2H h 
�\�]�� � �(� 	 �(���(�� ¨�©�� � 	�Î�Y�`�%

��� 1 c�� 2 � 	�
�\���Î�Ë�����s�þ�^�_��
� Pearson

Ü Ú sa` �   � � � ¡ ¢ � �%�%� IACC 	Ü Ú5b�
 r c ¡5c ` g%h p G5d V G%¦ D s%t�!5�
125 Hz, r =0.71, p<0.05, D =0.06; 250 Hz, r =0.61,

p<0.05, D=0.03; 500 Hz, r=0.84, p<0.01, D=0.01;

1 kHz, r = 0.75, p < 0.01, D = 0.01; 2 kHz, r = 0.94,

p<0.01, D=0.01; 4 kHz, r=0.68, p<0.05, D=0.07 %ø0ù���������� ��Ô ������� ^�e R�f ����D, 	 IACC G Ü ¦�ª § � 0◦ / U�� IACC ������	V G�¦�V�X 1
4

JND (0.075) � � [11] %
g

1 DBEBFBGBH�·�¸�1�� IACC ����h

·�¸�i IACC (0∼∞)

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz

0◦ 1.00 1.00 1.00 1.00 1.00 1.00

30◦ 0.96 0.99 0.98 0.99 0.96 0.94

60◦ 0.91 0.97 0.99 0.99 0.86 0.94

90◦ 0.92 0.96 0.99 0.99 0.99 0.95

120◦ 0.90 0.96 0.98 0.96 0.87 0.95

150◦ 0.93 0.97 0.97 0.99 0.98 0.98

180◦ 1.00 0.99 0.99 1.00 1.00 0.99

210◦ 0.90 0.95 0.95 0.97 0.97 0.99

240◦ 0.90 0.94 0.97 0.97 0.89 0.96

270◦ 0.91 0.93 0.98 0.99 0.98 0.97

300◦ 0.91 0.95 0.98 0.98 0.91 0.95

330◦ 0.95 0.97 0.97 0.97 0.95 0.93j h 0.93 0.97 0.98 0.98 0.95 0.96
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2 �BEBFBGBH�·�¸�1�� IACC ����h

a

IACC (0∼∞)

125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz

0◦ 1.00 1.00 1.00 1.00 0.99 0.99

30◦ 0.99 1.00 0.99 0.96 0.95 0.90

60◦ 0.98 1.00 0.99 0.98 0.85 0.86

90◦ 0.99 0.99 1.00 0.99 0.97 0.81

120◦ 0.98 0.99 0.98 0.92 0.85 0.84

150◦ 1.00 1.00 0.99 0.97 0.97 0.93

180◦ 1.00 1.00 1.00 1.00 0.99 0.99

210◦ 0.99 1.00 0.97 0.97 0.99 0.96

240◦ 0.99 0.99 0.99 0.97 0.83 0.80

270◦ 0.99 0.99 0.99 0.99 0.97 0.84

300◦ 0.98 1.00 0.99 0.97 0.93 0.87

330◦ 1.00 1.00 0.98 0.98 0.93 0.89j h 0.99 1.00 0.99 0.98 0.94 0.89

2.3.2 Ä�Å�������È�É�%�&�'�(��� ��Ð�¦ (Interaural Time Difference, ITD)

	�)���)�����n���N���� ,���� 	���Ð�¦����	��)
, 4 k�
�	 R f )���S���� � �(��� 	(=� �(> ©
Ú(% õKöK÷ øKù�Ü Ú f ��� D ,�� ���� ! 	 “

U
V

”ITD % � Ü Ú f 	�)5����� 3 (1)
�%� ×�
 φrl(τ)

X |τ |61 ms  "! � 	�Ñ���G�� ��Õ Ü Î�Ë�	 τ ��!��� ��Ð�¦ ITDcorre, !���q ��- 6�����Ê���X ���Q Î pl(t), pr(t) ��� 2 kHz 	 L ���� [12−13] % ������ 1 ; 10 4 ¢ %]n ; �d����I�J�� ���������
c�Ô ������� 	 ITDcorre 	�Ñ���G V J�X�X 90◦ c
270◦ � ) �2^���	��d_�� � ª � %

?
10 DBE����BEBFBGBHBC� �.������

2.3.3 Ä�Å�ó�������È�É�%�&�'�(��� ����v�¦ (Interaural Level Difference, ILD)

!�* � ��+ � 	�����v�¦�G(�2]�)���Ê���N()���	
k�
�S�����,�% õ0ö0÷ � � ���(������� _�	 �Q'
_�Î�¤���N���)���! 0◦,  ���!�"��! 0◦ ∼−180◦,# ��!�"��! 0◦∼180◦ % ��������� c�Ô �������
	 ILD 	 �%�%�%��:�; 11 c ; 12, Ñ%�5G V J5X%X

4 kHz ��z�� 60◦ ∼ 120◦ c −60◦ ∼−120◦ ��Ð�	��) %2^���	 ILD s�$ ; � ��%d� %

?
11 DBEBFBGBH� �.��&�'��

?
12 �BEBFBGBH� �.��&�'��

3 (*)*+4243-,-.0/ IACC 1*2
!�^ ö�÷ 1:10

��������� X ��� =�?����"� 	
¤43 ' � �4546 ��������� � 3D ��� ��������� X7�8 : ."�d��@�9�= 1:10

��� ��ÿ"�d����^�Î �d�
� h�: %7�8 : . � ��@�9�=�)�;�<�@�9�=�J�Ï�Ð(�2�>@? ��=�J�A�Ê�9�!�B�%2@�9�=���� �(� �Kÿ øKù
15 mm C &�D�'�E�� !�F����HG�I�X AutoCAD �J @�9�=���K s�s�K�L2���
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