
Product Data
Spatial Transformation of Sound Fields (STSF) Software

Type 7688, WT 9260 and WT 9263

USES:

❍ High resolution source localization using active and 
reactive intensity, particle velocity, sound power and 
sound pressure

❍ 3 D visualisation of sound radiation

❍ Calculation of sound pressure level spectrum at 
specified points in space from near-field 
measurements

❍ Source contribution analysis

❍ Engine and gearbox testing

❍ Tyre/road noise analysis

❍ Complete vehicle noise analysis

FEATURES:

❍ Inclusion and exclusion of partial fields

❍ Contour, vector and 3 D graphics for enhanced 
visualization of source location and sound radiation

❍ Complete measurement, data storage and analysis 
system

❍ Validation of measurement data

❍ Simulation of source modifications

❍ Support of flexible array size

❍ Multiple hardware interface: for use with 3561, 3551 
and 3550 data acquisition and analysis systems

❍ Fully annotated printer/plotter output
❍ Optional automatic traverse mechanism
❍ Wind noise measurements

Spatial Transformation of Sound
Fields (STSF) Software is applications
software for assessing the 3-dimensional
sound-field of a test object, including
functions for source modification simu-
lation.

A reference and scan microphone ar-
ray system is used to obtain a complete
description of the sound field (both
near-field and far-field) within a given
solid angle from measurements over a
planar surface close to a stationary
sound source.

Enhanced colour graphics include:
❍ High resolution source localization

and ranking
❍ 3 D field assessment
❍ Simulation of source modification

STSF software has been designed to
run with one of three hardware plat-
forms:
❍ Intelligent Data Acquisition System

Type 3561 (Type 7688)
❍ Multichannel Data Acquisition Sys-

tem Type 3551 (WT 9263)
❍ Multichannel Analysis System Type

3550 (WT 9260)
STSF software runs on a HP 9000

series 700 UNIX workstation. The sys-
tem can be enhanced by the addition
of robot system Type 9665, a traverse
Brüel & Kjær B K

system for automatic positioning of the
scan array.
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Fig.1 STSF set-up based on Intelligent Data Acquisition System Type 3561 and STSF
General

STSF software applies the Helmholtz
Integral Equation and Near-field
Acoustic Holography to cross-spectra
of the sound pressure over a plane
close to the sound source, and then
calculates the descriptors of the
sound field at other points.

The Helmholtz Integral Equation
is used to calculate the sound pres-
sure level at larger distances, while
Near-field Acoustic Holography is
used to calculate pressure, particle
velocity, and active and reactive
acoustic intensity in the near-field re-
gion.

Sound is recorded using three sets
of transducers:
❍ Scan microphones or hydrophones
❍ Reference transducers
❍ Exclude reference transducers
and measurements are made using
one of Brüel & Kjær’s three mul-
tichannel systems:
❍ Intelligent Data Acquisition Sys-

tem Type 3561
❍ Multichannel Data Acquisition

System Type 3551
❍ Multichannel Analysis System

Type 3550
The corresponding STSF software

packages provide a menu-driven
front-end for each of these systems
including facilities for calibration,
measurement and processing.

In addition, STSF software exe-
cutes a number of data inspection
functions including:
❍ Data validation
❍ Stationarity analysis
❍ Coherence and virtual coherence
❍ Principal component analysis

Theory

The Helmholtz Integral Equation states
that from a knowledge of the sound
pressure and particle velocity distribu-
tions over a closed surface surrounding
a sound source, the sound pressure can
be calculated at any point outside the
closed surface. 

The closed surface, which can be of
any shape, is, in the STSF method,
a hemisphere of infinite radius
bounded by an infinite plane. By a
suitable choice of Green’s function in
the Helmholtz Integral Equation, the
external sound field can be calculated
from either the sound pressure dis-
tribution or particle velocity (normal
Software Type 7688

ured over a finite part of the plane,
providing a sufficiently good approx-
imation.

The same measured data are used
to perform near-field acoustical ho-
lography and simulation of source at-
tenuation.

Measurement Description

A practical STSF measurement is
based on a two-dimensional scan over
a plane surface close to the test ob-
ject, during which the cross-spectra
are measured from each scan point
to each of a set of reference points
(scan measurement). The cross-spec-
tra must also be measured between
every pair of references (reference
measurement). Further, the pressure
is recorded at each measurement
point in order to validate the data.

The system allows all power de-
scriptors of the radiated sound field
to be calculated from the sound pres-
sure distribution, which is measured
during the scanning of an array of
single microphones over a measure-
ment window. The source must be
stationary during the scan.

During the collection of scan spec-
tra, the use of traverse equipment (a
robot with controller) for moving the
array microphones to various scan lo-
cations, can reduce the total meas-
urement time significantly. STSF
software includes drivers for control
of the Brüel&Kjær Microphone Posi-
tioning System Type 9665. Auto-po-
sitioning equipment from other
manufacturers can also be used*.

* Contact Brüel & Kjær’s Customer Project Unit 

Reference Transducers
Reference transducers supply phase,
amplitude and coherence references.
The absolute values of the signals are
not important although they must re-
main constant throughout the meas-
urement. Thus, the reference signals
can be provided by microphones, hy-
drophones, accelerometers, laser ve-
locity transducers, etc.

The reference transducers are used
to distinguish between the different
mutually uncorrelated partial fields
in a sound field and to achieve a com-
plete model of the sound field in the
measurement region.

An STSF measurement provides a
complete model of a sound field, if the
set of references can distinguish all
significant, independent sources
through a number of sufficiently dif-
ferent views. Thus, the number of ref-
erences must be at least equal to the
number of significant, independent
sound sources.

Exclude References
Exclude references are typically used
to remove strong background noise in
cases where this background noise
cannot be avoided by the normal (in-
clude) reference signals. In order to
be applied properly, the background
noise must be the only noise picked
up by the exclude references.

Scan Transducers
The scan transducers must be free-
field or pressure microphones, or hy-
drophones, with mutual phase devi-
ations not exceeding ±3° within the
frequency range of interest. In addi-
tion, their amplitude linearity must
be good they must have a high sta-
in the Industrial Measurement Division for 

further information bility.



Fig.2 Active sound intensity from a car on a dynamometer. Frequency range: 610 to 630 Hz with Z component of intensity at Z =
– 0.2 m which is at the surface of the car
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Fig.3 Active sound intensity from a car on a dynamometer. Frequency range 610 to 630 Hz with intensity vectors in the plane H =
0.1 m which is 0.1 m above the reflective ground plane



Preparing the Noise Source

Before a measurement can begin, the
noise source and its surroundings
must be checked and, if necessary,
modified so that either free-field or
mirror ground conditions exist over
the entire measurement region and
frequency range of interest.

In addition, the noise radiated by
the source must be kept stationary
throughout the measurement. The
narrower the bandwidth used, the
steadier the sound source must be.

Stationarity Monitoring
During a measurement, the STSF
software monitors deviations from
stationarity of the reference signals.
For each reference this is done by
comparing the current autospectrum
with the autospectrum that was
measured during the reference meas-
urement, which is done first.

Two measures of deviation are
monitored during the scan: changes
in the overall A-weighted level of the
autospectrum, and the overall A-
weighted level of the absolute differ-
ence spectrum.

Inspecting the Sound Field 
Model

The sound field model applied in all
STSF calculations contains the part
of the total sound field which is co-
herent with at least one of the refer-
ence signals. Principal component
decomposition of the reference sig-
nals avoids multiple inclusion of com-
ponents which are coherent with
more than one reference. The princi-
pal components are linear combina-
tions of the true independent sound
fields and are mutually uncorrelated.

Principal Component Analysis
The autospectra of the principal com-
ponents of the reference signals can
be obtained as the eigenvalues of the
reference cross spectrum matrix. The
number of significant principal com-
ponents (eigenvalues) at a particular
frequency is the number of independ-
ent sources detected by the referenc-
es at that frequency.

Overlap Analysis and Validation
Overlap Analysis techniques are used
to determine whether a reference mi-
4

crophone is redundant, while Valida-
tion can be used to verify whether
the number of reference transducers
and their locations have been prop-
erly chosen to obtain a complete
sound field model.

Coherence and Virtual Coherence
Virtual coherence analysis shows to
what degree a principal component
represents a measured reference or
scan signal in the STSF sound field
model.

Data Post-processing

Once a measurement has been com-
pleted, various types of calculation
can be performed using Near-field
Acoustic Holography (NAH) or Helm-
holtz Integral Equation (HIE), or
both.

To calculate the radiation pattern
or Sound Pressure Level (SPL) along
a line, NAH can be applied to perform
a spatial windowing and filtering of
the measured data before HIE is ap-
plied to obtain the desired output.

Calculate
The Calculate function extracts a
principal component representation

field representation, the following
types of calculation can be performed:
❍ Holography: calculation of pres-

sure, and the normal component of
particle velocity, active and reac-
tive intensity in any plane parallel
with the measurement plane using
NAH (Fig.2).

❍ Vector intensity: calculation of 3-
dimensional active and reactive in-
tensity vectors in a set of planes
parallel with the measurement
plane using NAH. From these cal-
culations, plots of the intensity
vectors can be made in planes or-
thogonal to the measurement
plane, as illustrated in Fig.3.

❍ SPL along a line: calculation of
SPL spectra at a set of points
along a horizontal line parallel
with the scan plane (Fig.4).

❍ Radiation pattern: calculation of
the far-field SPL radiation pattern
(Fig.5).

Simulation of Source Attenuation
The Calculate function also applies
for the following simulation: how is
the radiated sound field modified if
the normal component of particle ve-
locity is attenuated over selected ar-
eas in a plane close to the surface of
the sound source? The four types of

3D vector plot in Fig.3
Fig.4 Sound Pressure Level from the same car and for the same frequency range as in
Figs. 2 and 3: SPL along a line 0.1 m above the floor at Z = 3.6 m, the outer limit of the
of the sound field from the measured
cross-spectra. Based on this sound

calculation listed above can be per-
formed on the modified sound field.



Fig.6 shows a source modification
function and Fig.7 shows the same
intensity vector plot as Fig.3, but af-
ter application of the modification
function.

Graphical Results

Sophisticated graphics drivers in-
cluded with STSF software provide a
platform for viewing a number of
measurement results both two and
three-dimensionally. 

Two main graphics tools are used
to present the data:
❍ Draw
❍ Plot

Draw
This function allows you to introduce
your own source drawing. You can
use a digitizer or mouse to provide

on the source drawing. Draw allows
you to align the source drawing with
respect to the measurement scan ar-
ea, to define areas for source ranking
and to define a source attenuation
function for simulation of source
modification.

Plot
This function provides a range of
graphical representations of post-
processed (calculated) data, for exam-
ple spectra, function graphs, 3D
plots, line and contour plots, and vec-
tor plots in 2 and 3 dimensions.

A radiation pattern calculation en-
ables the SPL over a (projected) hem-
isphere or a plane to be plotted
(Fig.5). An SPL calculation along a
line allows plots of frequency-weight-
ed SPL along that line (Fig.4) or SPL
spectra at points on the line to be
obtained.

A holography calculation provides

plane parallel with the measurement
plane. Any one of the four different
parameters can be plotted. In addi-
tion, the sound power for various
parts of the scan area can be ob-
tained.

From a vector intensity calculation,
all vectors in any principal plane (xy,
yz or xz) can be plotted in a 3-dimen-
sional view.

Computer Platform

STSF runs on an HP 9000 series 700
workstation with very fast Floating
Point calculations.

For Types 3550 and 3551 an
IEEE–488 interface is required. For
Type 3561 systems an ethernet con-
nection is used. See the ordering in-
formation for further details.

Fig.5 Sound Pressure Level in the plane Z=100 m from the same car and for the same frequency range as in Figs. 2 to 4
5

the basis for viewing measurement
results as they are displayed overlaid

pressure, particle velocity, active and
reactive intensity over an output



Fig.6 Source modification function for the situation shown in Fig.2
6

Fig.7 The intensity vector plot of Fig.3 after the application of the source modification function in Fig.6
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MEASUREMENT CONDITIONS:
Free-field or reflecting ground-plane

METHOD OF CALCULATION:
Helmholtz Integral Equation
Near-field holography
Simulation of source attenuation
All calculations formulated for application with
partially incoherent fields

ACCURACY:
With optimally chosen measurement parameters
the obtainable accuracy is typically:
From scan plane and outwards: ± 0.5 dB(A)
Inwards from scan plane: Resolution limitation

Specifications 7688, WT9260, WT9263

Type 3561 Array-based 
STSF system

Type 3551 Front-end-
based STSF system

Type 3550 Analyzer-based 
STSF system

STSF Software: Type 7688 WT 9263 WT 9260

Help ✔ ✔ ✔

Measure ✔ ✔ ✔

Automated channel configuration ✔

Time data storage ✔

Multiple use of time data ✔

Acoustical array check ✔

Inspect (validation, stationarity check, coherence analysis) ✔ ✔ ✔

Save/Recall ✔ ✔ ✔

Draw ✔ ✔ ✔

Calculate ✔ ✔ ✔

Plot (3D, contour, vector) ✔ ✔ ✔

Attenuation calculation ✔ ✔ ✔

Frequency range 30 Hz – 6.4 kHz 1 Hz – 12.8 kHz

Transducer Support:

Max. no. of scan transducers 200 15

Max. no. of references 18 10

Array dimensions 1 D, 2 D 1 D

Scan microphones/preamplifiers Type 4196
Type 4188/2669 L
Type 4189/2669 L

Type 4190/2669 B
Reference microphones/preamplifiers

Scan hydrophones (/preamplifiers) Type 8105 (/5674) Type 8105

Optional reference transducers Accelerometers, hydrophones, laser velocity meters, etc.

Microphone Positioning System Support: Type 9665

Computer Configuration Requirements:

Computer HP 9000 series 700

Interface to front-end LAN TCP/IP IEEE–488.2

Interface to microphone positioning system RS–232
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WORLD HEADQUARTERS:
DK-2850 Naerum · Denmark · Telephone: +45 45 80 05 00 · Fax: +45 45 80 14 05 · Internet: http://www.bk.dk · e-mail: info@bk.dk
Australia (02 ) 9450-2066 · Austria 00 43-1-865 74 00 · Belgium 016/44 92 25 · Brazil (011) 246-8166 · Canada: (514) 695-8225 · China 10 6841 9625 / 10 6843 7426 
Czech Republic 02-67 021100 · Finland 90-229 3021 · France (01) 69 90 69 00 · Germany 0610 3/908-5 · Holland (0)30 6039994 · Hong Kong 254 8 7486 
Hungary (1) 215 83 05 · Italy (02) 57 60 4141 · Japan 03-3779-8671 · Republic of Korea (02) 3473-0605 · Norway 66 90 4410 · Poland (0-22) 40 93 92 · Portugal (1) 47114 53 
Singapore (65) 275-8816 · Slovak Republic 07-37 6181 · Spain (91) 36810 00 · Sweden (08) 71127 30 · Switzerland 01/94 0 09 09 · Taiwan (02) 713 9303 
United Kingdom and Ireland (0181) 954-236 6 · USA 1 - 800 - 332 - 2040 
Local representatives and service organisations worldwide

Brüel&Kjær reserves the right to change specifications and accessories without notice

Ordering Information

Spatial Transformation of Sound Fields Software
packages Type 7688, WT 9260 and WT 9263 are
single products which require the following ac-
cessories:

Accessories Required

Unix Workstation:
HP 9000 series 700 workstation configured as
described below.

COMPUTER CONFIGURATION:
The recommended computer is HP9000 series
700 workstation with:
• UNIX (ver. 9.0)
• GRAFPAK–GKS run-time
• minimum 32 Mbyte RAM Memory
• minimum 1 Gbyte Hard disk
• Display: minimum resolution 1024 × 768 with

6 colour planes

• DAT recorder for installation of the software
and for backup of measurements

• digitizer (e.g. 46087C)

Data Acquisition Front-ends:

SCAN TRANSDUCERS:
Microphones or hydrophones (free-field or pres-
sure transducers) with ±3° phase match

REFERENCE TRANSDUCERS:
Microphones, hydrophones, accelerometers, la-
ser velocity-transducers, etc.

PRINTER:
General colour PostScript printer
Screen dump to, e.g., a PaintJet XL

Optional Accessories

Type 9665: Microphone Positioning System 
and accessories

Training

A training course is recommended in connection
with the installation of the system. Order:
WW 5750: Installation and training on site

Software Front-end

Type 7688 Type 3561: Intelligent Data 
Acquisition System 

WT 9263 Type 3551: Multichannel Data 
Acquisition System

WT 9260 Type 3550: Multichannel 
Analysis System

Fig.8 Source ranking for the situation shown in Fig.2
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