
The Acoustical Society of Japan (ASJ)

NII-Electronic Library Service

The  AcousticalSociety  of  Japan  {ASJ)

Acoust. Sci. &  71ech. 27, 2 (2006)

lil･lll!･llll･IIII･llllll･llllll･llllllllll･llllll{1･ll･ll･ll･l･IE!･l･ilX,ma,l･ee.-
A  twQ-channel impulse response  measurement  system  based on  a DSP  starter  kit

Daisuke Yamagishi'  and  Keaji Ozawa'i'

Interdisc'iplinaftv Gtuduate School of Medicine and  Engineering, Universitv. of )Ztmanashi,
4-3-II 7kekeda, Kojbe, 400-85i1  Japan

(ReceiL,ed 5 Octoher 2005, Aeeepted,fbr pubtication 24 October  2005)

                                      Keywords:  Impulsc rcsponsc,  DSP  starter  kit, Timc  strctchcd  pulse

                                 PACS  number:  43.58,Gn. 43,58.Ta, 43.60.Qv [DOI: 10.12501ast.27,117]

1. Introduction

  A  method  using  a  time  strctched  pulse (TSP) to measure
the transfer function of  an  acoustie  sysLem  with  a  high

signal-to-noise  (SN) ratio  has bcen  proposcd Lll. A  typical

application  of  this method  is to measurc  the head-related

transfer function (HRTF), which  describes the  spectral  filter-
ing that occurs  between  a sound  source  and  the listener's ear,

when  employing  the binaural technique  L2]. To use the

binaura] technique,  it is necessary  to measure  two  HRTFs, one

for each  ear, in various  sound  fields. Although  there  are  some

pertable measurement  systems  on  the  market,  a  more  easy-to-

use  and  cost-effective system  will  be of  great benefit to many

acousticians,  High-performance  digital signal  precessorg

(DSPs) are  now  readily  available.  In this article,  we  describe
the construction  of  u  two-channel impulse response  measure-

ment  system  with  thc TSP  tcchnique  using  a lightweight and

inexpcnsive DSP  starter kit (DSK).

2. Systemoverview
2.1. DSP  starter kit (DSK)
  The  constructed  measurement  system  is based on  a  DSK

manufactured  by Texas Instruments Incorporated. A  DSK  is

an  evaluation  board that involves a  coder  and  decoder

(CODEC), external  memories,  an interface to a host personal
computer  (PC). and  a DSP. The DSK  used  in this study

contains  a  TMS320C6713DSP,  which  is projected lo operate

at 255MHz  and  delivers up  to 1,350 million  fioating-point

operations  per second  (MFLOPS) L31. Moreover, the DSK

includes 512K  words  of  Rash  and  16 MB  SDRAM.  The  DSK

interfaces with  a  PC  using  a  universal  Serial Bus  (USB); thus,
it is easy  to generate a  development environment  using  a

notebook  PC. Figure 1 shows  an  overview  of the measure-

ment  system  constntcted  in this study: a notebook  PC  is the

system  host and  connects  to the DSK  via  a USB  port, A
measurement  pregram was  coded  using  the C  language in the

CCS  (Code Composer  Studio), an  intelligent development

environment  specific  to the DSK  [31.
2,2, Specificutions

  Table 1 shows  the specifications  of  the measurement

system.  The  system  is able  to generate a TSP  of  up  to 4,096

points. This rcpresents  the maximum  value  of  a stable

operation,  which  is restricted by the amount  of  the SDRAM
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and  by zero-insertion  between the intervals of repeated  TSP
radjations  for averaging.  Although  the default value  for the

number  of  repetitions  is 64, a  user  can  change  the number  up

to 240. A  user  can  change  some  of  the eonditions  shown  in

Tabie1  by editing  a  header file named  Setting.c. The

availab]e  conditions  are  the numbet  of peints ef  a TSP, a

parameter that determines the length of  a TSP, and  the

number  of  repetitions. Note that a]though  a longer TSP  h"s
larger power  and  results in.a higher SN ratio, it also increases
an  error  caused  by linear conyolution  with  its inverse TSP  L11.
Since the error  tolerance  may  differ depending on  the

requirements  of  the  user,  the  system  allows  the  user  to

determine this parameter,
2,3. Descriptions

  A  user  of  this measurement  systern  ean  select  one  of  the

following three functions with  a dipswitch on  the DSK.
 (l) Measurement  of  TSP  responses  on  two  channels

 (2) Measurement, of  impulse responses  on  two  channels

 (3) Culeulatien of  impulse responses  from  TSP  respunses

   that were  measured  previously
Descriptions of  the ineasurement  program  are  as  follows.
2.3.1. Generation and  radiation  of  a TSP,  and  recording  the

     response

  TSPs  are generated according  to the parameters in the
header file, The  number  of points of a TSP  can  be set at up  to

4,096, as described above;  this is achieved  by a software

design that stores  a  TSP  of  the designated length in the

external  SDRAM  on  the  DSK  rather  than  in the  internal

memory  of  the DSP.  Next, the TSP  is repeatedly  radiated  and

the  respenses  are  simuitaneeusly  reeerded.

2.3.2. Averaging

  Because  the amount  of an  external  memory  on  the DSK  is
]imited, it is dicacuLt to avcragc  thc TSP  rcsponscs  aftcr

recording  the  whoLe  responses  to the  repeatedly  radiated  TSPs.

Thus, whenever  a  TSP  response  of  the  same  number  of  points
as  the radiated  TSP  is recorded,  the respenses  are  accumulated,

Averaging is accomp]ished  by  calculating  the quotient of  the

accumuiated  responses  divided by the  number  of  repeated

radiations after recording  the  who]e  TSP  responses.

2.3.3, Linear conyo]ution  with  an  inverse TSP

  An  inverse TSP  corresponding  to the TSP  is generated.
Next, an  impulse response  is calculated  by linear cunvolution
of  the TSP  respense  with  the  inverse TSP.  The impulse

responsc  is transferred  to the host PC  as  binary dtttu.
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Fig.1

Table1

Overview of  the constructed  system.

Specifications of  the  constructed  system.

Number  of  channcls

Sarnpling frequency

Quantif}Titig bit nuniber

Lengrh  ef  a TSP

Pulse stretch  parameter
Number  ef  repetitions

248

 kHz  (default)
DIA:  15bit, AfD:  16bit

4,096  (maximum)
1,200 (defau]O
64 Cdefuult)

3. Evaluation of  the measurement  system

3.1. Dynamic  range

   The  dynamic  range  of  the  systcm  was  eyaluatcd  using  thc

fo1]owing procedure: First, a  test signal  consisting  ef  O.2-s

white  noise  with  a  niaximuni  amplitude  of  32,767 fo11owed by
O.2-s si]ence  was  prepared. The  analog  input and  output

temiinals of the measurement  system  were  then short-

circuited. Next, the test signal was  radiated  and  the response

was  simultaneously  recorded,  Finally, 64 signals  of  128-point

length were  obtained  from  both the  responses  to the  white

noise  and  the  silence,  and  their frequency spectra  were

avcragcd  separately,  Figurc 2 shows  thc results.  The  dynamic

range  of  the meusurement  system  is approximately  80 dB  for

frequencies above  1 kHz.
3.2. Cemparison with  anethcr  measuremcnt  systcm

   In order  to validate thc pcrformance of this measurement

system,  HRTFs  were  measured  and  the results were  cempared

with  results  measured  using  another  system.  1[Ihe comparison

system  was  based on  a  high-accuracy sound  card  (Yamaha.
DS2416),  which  has been used  in our  laboratory, A  loud-

speaker  (Yamaha, NS-3MX)  was  placed to the right  (at a 45'
angle)  and  1 m  in front of  a  dummy  head (Koken, SAMRAI)
in a reverherant  room.  Sixty-four TSPs  were  radiuted  fi'om
thc loudspeaker, and  thc rcsponscs  wcrc  measurcd  at  thc
cntranccs  of the opcn  car canals. Figure 3 shows  thc results

for the  right  and  left cars,  rcspcctivcly.  As  the  results  show

good  agreement,  we  conclude  that the new  sygtem  is reliable.

4. Summar}r

   In this study,  we  constructed  a  two-ehannel  impulse

response  meagurement  system  based on  a DSP  starter kit. The
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