INDUSTRY FEATURES

25 Years of Audio Measurement:
A Retrospective
By

Steve Temme
(President, Listen, Inc.)

As Listen, Inc. celebrates its 25th anniversary, Steve Temme outlines the changing landscape of
the industry over the past quarter century, and discusses how test and measurement companies
such as Listen, Inc. have evolved to keep pace with these trends.

L

isten, Inc. is 25 years old this year. When I
think back over the past quarter century, I
am in awe at the rapid pace of change in the
audio industry, and how it has driven those of
us in the test and measurement business to
continuously refine and expand our product
offerings. Twenty-five years ago, and indeed for
the first few years of our existence, we tested
basic transducers—loudspeakers, microphones
and headphones. Today, we test smart speakers,
hearables, automotive audio, smartphones,
Bluetooth headsets, MEMS microphones, and
more, and the market takes a new twist or turn
every couple of years.

The Beginning: 1995

In 1995, I had recently returned to the US

from a four-year stint in Denmark working for
Brüel and Kjær as a Telecom/Audio applications
engineer. While working with the renowned 2012
Audio Analyzer at Brüel and Kjær, I had an idea
for creating a software-based test system. I
thought this would be faster, more flexible, and
more powerful than the conventional hardwarebased audio analyzers, and I knew it would be
considerably less expensive. Back then, the R&D
labs mostly used expensive hardware-based
systems, and automated production line testing
was in its infancy—most production lines relied
on human listeners, if indeed they measured their
products at all.
At that time, I was consulting to Sonetronics
(now a division of Whitney Blake), a military
headset manufacturer, and its president, Gary
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Kuskin, shared my belief that a software-based
system could produce a more cost-effective
solution to his production test requirements. In
fact, he had enough confidence in the idea that
he agreed to buy several sets of such a system if
I could develop it in the tight timeframe that he
needed. Although the SoundCheck system was
not much more than a concept at that point, I
quickly set about building a product.
I aime d to simplif y me a sure me nt s by
removing the need for the operator to understand
programming in order to configure tests, so I
opted to build SoundCheck on the National
Instruments LabVIEW platform. This enabled tests
to be built using a point-and-click interface, which
hugely simplified test setup as no programming
knowledge was required. This was unique at the
time, although others have now emulated this
style of interface.
In just six months, I had a prototype ready
for evaluation. For the most part, the system
performed as expected, showing the same results
as the Brüel and Kjær 2012, and the customer
was happy. Some minor tweaking and refining
ensued, and I made my first sale! The product
was named SoundCheck, and I was convinced this
product could be a success, so I formed Listen
and began to refine the product.

The Early Years (1995-2000)

Although the initial version of SoundCheck was
designed specifically for testing military headsets,
I wanted to test all audio devices, so I added
functionality to make it more useful for other
applications and offered it for sale more widely.
A key foundation of the product was that it would

Steve Temme started
Listen, Inc. with his vision
for a software-based
test system, that is now
SoundCheck
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work with any professional audio interface and
hardware from any manufacturer, enabling people
to use existing equipment. This meant that from
its inception back in 1995, it could be used with
anything from a $300 professional sound card to
a $5,000+ NI interface. It is interesting that other
test and measurement companies, after years
of trying to convince customers that this was an
inferior solution, are now promoting sound cards
as a cost-effective alternative! This proved to be a
sound business decision as it set the foundation
for the versatility that would later be needed as
the audio market evolved.
My early sales efforts targeted production line
users, as I had a system that was sufficiently
fast and accurate, yet inexpensive enough to be
a viable replacement for the subjective listening
that was commonplace, even in large consumer
audio companies. In today’s world of software
and industrial automation, it seems strange to
recall that less than 25 years ago, I was trying to
convince people that software could be cheaper
and more reliable than human labor!
Early product development focused on the
needs of the production market, with algorithms
f or b ac kgroun d nois e immunit y an d f a s t
throughput. My focus was on catching production
line faults, and I developed a unique algorithm
for Rub & Buzz detection using higher order
harmonics that is still in use today. I was also
determined to minimize the hardware cost of the
system, and introduced a low-cost microphone
power supply and measurement microphone to
further reduce the overall cost of the system.
As Listen began to grow slowly but steadily,
we focused on expanding the capabilities of
the product with additional measurements and
algorithms, for example, loose particle detection
for improve d dete c tion of manufac turing
faults. Measurement using a time windowed,
logarithmically swept sine wave was added in
2000, just weeks after Angelo Farina’s landmark
paper on the subject. (It was actually already
being implemented, but Farina’s endorsement of
this technique certainly gave it instant credibility!)
This technique rapidly became extensively used
for making fast measurements on the production
line, and is still widely used today.
T h e a d ditio n o f f u n c tio n a lit y s u c h a s
normalized distortion measurements and postprocessing capability allowed Thiele-Small (T-S)
measurements to be made and established
SoundCheck as a viable R&D tool. The inclusion
of “virtual instruments,” sof tware versions
of benchtop equipment such as oscilloscopes,
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multimeters, and RTAs, enabled a complete suite
of laboratory equipment on a laptop and quickly
grabbed the attention of audio R&D teams who
saw this as a great asset when traveling to their
rapidly growing China manufacturing facilities
and fabricators.
As our customer base grew and diversified,
we took full advantage of the modular nature of
software to offer simple production systems and
complex R&D systems at different price-points.
Being software based also offered the advantage
that it was simple to transfer tests from the R&D
lab to the production line. A test sequence could
simply be emailed and used in a remote location,
and it could even be adapted (e.g., to show a pass/
fail output rather than display full results). This
also worked in reverse. Production line operators
who were having problems understanding their
test results could email the response signal back
to the R&D lab, which could carry out its own more
extensive evaluation of the raw data.
The early 2000s was when it really began
to get exciting. The consumer audio landscape
started to rapidly change, with a series of device
and technology introductions that completely
altered the way we store, share, and listen to
audio. Each innovation has caused us (and others
in the audio test marketplace) to continuously
evolve our product lines and develop new products
and test methodologies to offer a way to measure
these new products.

Cellphones and MP3 Players

The rapid change began with the advent of
mobile phones. In the 2000s, people began to
eschew traditional landlines in favor of cellphones
and VoIP phones, and conference phones (often
VoIP) started to replace frequent business travel.
It was a challenge to achieve similar sound quality
to conventional landlines, and manufacturers
needed to measure this. The telecoms industry
is heavily driven by standards, and in conjunction
with telephone test guru John Bareham, we
developed an off-the-shelf suite of test sequences
for SoundCheck.
These use a “virtual” audio cable to transmit
t h e au dio signal via Win d ow s au dio int o
SoundCheck, and enabled cellphones and VoIP
phones to be tested to the same TIA standards as
conventional phones. SoundCheck’s ability to work
with any hardware was particularly advantageous
for the telecoms industry as it was used with
head-and-torso simulators (along with associated
power supplies and amplifiers for microphone,
ear, and mouth simulators), handset positioners,

and more. Features such as conditioning signals
(needed for speech activity detection), standard
and custom time domain waveform filters (used
in telephony standards), active speech level,
Zwicker loudness (to measure ringtone volume)
and RTA analysis algorithms for comparison
of speech stimulus and response signals were
developed, thus expanding SoundCheck’s R&D
toolkit. Many of these would later prove useful
for other applications. The option to use any WAV
file as a test signal was added, since phone codecs
do not pass sine waves (the typical test signal at
the time) well, making SoundCheck the first test
system to offer testing with speech and music
stimuli.
In a similar timeframe, Apple launched its iPod
and, although this was not the first MP3 player, it
rapidly drove market adoption, and MP3 players
became the new “must-have” consumer electronics
item. This brought with it new measurement
challenges: synchronization of the input and
output signal (both time delay and sampling rate),
and accounting for jitter. New algorithms were
created for this, resulting in what we now call
“open loop testing”—measuring a device where
the input and output are not synchronous and
must be accounted for in the measurement. We
also developed a multitone test signal that made it
extremely fast for measuring frequency response
and crosstalk between left and right channels.

Smartphones and
Large-Scale Production

As one might expect, it wasn’t long before
MP3 players, phones, video recorders, and more
became one device, to create the smartphone—

This is the first edition SoundCheck as it was used at Sonetronics, circa 1996.
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SoundCheck is pictured on a driver production line in China, circa 2005.

arguably the biggest change so far this century in
the way people use consumer electronics. Although
Blackberry instigated the smartphone revolution
with email functionality and other basic tasks in
2002, it wasn’t until the iPhone was introduced in
2007 with its strong emphasis on music, photos,
and video that the market exploded, spawning
a whole new class of consumer electronics from
industry giants such as Apple, Google, Samsung,
and others.
Initially, we saw a huge demand for testing
smartphone components (e.g., microspeakers and
microphones), and we introduced new algorithms,
such as loose particle detection and perceptual

This is a telephone test conducted at Boston-based Reviewed.com in 1997.
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Rub & Buzz testing, which were popular with
microspeaker manufacturers looking to reject
faulty speakers while retaining maximum yield.
Smartphone business models drove the lifespan of
a smartphone down to a couple of years, creating
a very high volume market.
With microspeakers being manufactured by
the millions for this marketplace, high volume
throughput and high yields became important
for the factories producing them. By 2010, the
production landscape had completely changed.
Automated, objective measurement had replaced
human listeners on the production line, and the
use of large-scale contract manufacturers rather
than owned factories became the norm. This,
however, brought its own set of challenges.
Under the new business models, vast factories
made high volume products for many customers,
each with their own specified end of line test
protocols. Factories installed and commissioned
production lines faster than ever before to meet
regular product launch cycles, and employees
migrated from rural areas to work in these
massive facilities. With such rapid expansion, we
had to account for the fact that the production
line operators using SoundCheck frequently had
minimal experience or knowledge of audio testing.
Although we had always had the ability to
lock down a test sequence against unauthorized
changes, there were still many variables that
allowed measurement errors to creep in. When we
considered how to simplify production line setups,
there was one answer: hardware. The flexibility
that was so useful for the R&D lab sometimes
caused challenges in the hands of less experienced
and well-trained operators.
We responded to this marketplace need by
launching AmpConnect, the first in our new
line of audio measurement hardware products.
AmpConnect was designed as a one box, one cable
solution to work with the SoundCheck software. It
is simply connected to the computer with a single
USB cable and incorporates the audio interface,
microphone power supply, amplifier, digital I/O
and all internal signal routing. This reduced a
production line speaker or microphone test setup
to a microphone and speaker connected to the
AmpConnect, connected via USB cable to the
computer. Naturally, SoundCheck could still be
used with any device, but this one-box solution
was embraced by production customers. It has
also become widely accepted as a simple and
cost-effective R&D lab solution, although there
are also many more complex configurations in
this environment.
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Over the next few years, other hardware
products such as microphone power supplies and
amplifiers were launched. Though off-the-shelf
products had served us well for many years (and
still work well with SoundCheck), the new Listendesigned hardware was conceived specifically for
audio test with full USB control, minimal front-panel
buttons to avoid operator error, and fully integrated
with the SoundCheck software. Hardware items also
contained advanced features for audio testing not
usually found in off-the shelf hardware, such as
the SC Amp amplifier’s patented method of high
accuracy single channel impedance measurement.
As the smartphone market matured and sound
quality became a differentiating factor, audio tests
moved upstream to finished products, and this
presented new challenges to overcome. With
conventional audio tests, a wired connection
provided an input to the speaker, and it was simply
a case of playing the test signal and recording
the response. With a smartphone, there was no
simple analog input; in playback mode, the test
signal had to be manually transferred to the device
for playback, and in record mode, the recorded
waveform had to be manually transferred to the
computer for analysis. SoundCheck had always
been able to use any WAV file as a test signal, and
this proved to be a significant advantage when it
came to testing smartphones since sine sweeps
are not passed well by phone codecs. As early as
2006, we had algorithms to measure, for example,
non-coherent distortion with speech and music.

Headphones

Hot on the heels of the smartphone revolution
(and largely as a result of it), came the headphone
revolution. Consumers soon realized that as much
as they loved the convenience of Steve Jobs’ “1000
songs in your pocket,” the earbuds provided with
the phones did not offer much listening pleasure
to a true audiophile (or even just the average
listener). It wasn’t long before established
headphone companies (e.g., Bose and Sony)
saw their business boom, and the market was
full of both established speaker and headphone
companies, and numerous headphone startups
trying to build a better headphone. Some of these,
such as Beats, are now household names; others
faded into obscurity or were snapped up by larger
companies. Naturally this renewed interest in
headphones, particularly for music “on the go,”
spurred much innovation, such as active noise
cancellation, sports headphones (bone conduction
and earbuds) as well as high-end audiophile
headphones for in-home listening.

Headphone tests are conducted at Maximum PC in 2016.

In recent years, specialist gaming
headphones—in fac t not only headphones
but chairs, shoes and other sound-producing
accessories have also been a growth area. Signal
paths became more complex with lightning
connectors, USB-C connectors, and the ultimate
challenge: Bluetooth testing connectivity to
eliminate wires. For some of these innovations,
the test capability was already there—we just had
to teach people how to use it. For example, active
noise cancellation (ANC) simply took advantage of
the pink noise stimulus and RTA functionality that
already existed in the software, as did the ability

Headphone tests (Bluetooth with background noise) are done at Indy Acoustics in
2017.
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MEMS Microphones and
Multichannel Testing

This smart speaker test is conducted in an anechoic chamber at Indy Acoustics in
2017.

to import a target curve and set limits based
on it. However, Bluetooth connectivity presented
greater challenges to solve.
In the mid-2000s, we launched Soundmap,
a time-frequency analysis module that allowed
transient artifacts such as Bluetooth dropouts
to be measured using Windows native Bluetooth
control. This was followed in 2013 by a partnership
with Portland Tool and Die to offer professionalgrade Bluetooth interfaces. These offer the user
full control over the Bluetooth protocols and can
be set and controlled directly within SoundCheck,
enabling them to be used within a test sequence.
With both an R&D grade instrument and a
simplified, lower cost, production line version,
Bluetooth tests were easily translated to the
production line.
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Around the same time, the microelectromechanical systems (MEMS) revolution was
slowly gaining momentum. MEMS microphones
are used in cellphones, and more recently voiceactivated devices due to their small size, low
cost, array capability, and digital output. Testing
a MEMS microphone is similar in principle to
testing a regular microphone—the main difference
being the interface. Since a MEMS microphone
has the pre-amp and A-D converter integrated,
the interface is needed to convert the 1-bit PDM
output of a Digital MEMS microphone to the 24-bit,
48 kHz PCM signal accepted by audio test systems.
Through our partnership with Portland Tool and
Die, we launched both R&D grade and lowercost production interfaces, fully integrated into
SoundCheck for use in test sequences.
MEMS microphones are often used in an array,
which means several need to be tested at once.
In fact, by the early 2010s we were seeing a
multitude of multichannel test applications.
SoundCheck has offered up to 32 channels of
analysis since 2007, and in 2015 expanded this
to 64 channels. Since the channel expansion is
software based (provided you have a multichannel
audio interface), it is easy to upgrade an older
two-channel system for multichannel analysis.

Voice Recognition

In 2014 the audio test landscape took another
dramatic turn with the advent of Amazon Alexa.
Testing voice-activated devices is the convergence
of many of the measurement techniques that are
used in other markets. Like the smartphone, the
Amazon Echo, and similar devices from other
brands, are true multi-function devices. They
are used for playing music (driver test), listening
(microphone test—often multi-channel), voice
recognition (often in the presence of varying
background noise), operating as a hands-free
communication device (telephone test) and more.
All of these require open-loop testing techniques.
Interestingly, pretty much all the aspects of
testing, with the exception of voice recognition,
were things that we had the capability and
experience to measure from the other markets
in which we were active, although we did have to
figure out how to store test signals in the cloud.
To facilitate voice recognition studies, we
created a software sequence to generate ETSIstandard background noise via SoundCheck—an
extremely low-cost alternative to a dedicated
background noise system that has the added
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advantage that it can be controlled from within
a test sequence.
Now, in 2020, voice-activated testing is still
moving full steam ahead, and though it seemed
like a complex device just 5 years ago, a smart
speaker is one of the simpler voice activated
devices that we are testing! Voice activation has
moved into not only smart speakers, but smart
hearables, smart homes, and smart cars.
Tests include speech recognition, voice quality
and noise cancellation in addition to microphone,
MEMS microphone and driver test, and these
generally need to be done via the cloud and/
or Bluetooth—and sometimes an A2B car audio
bus, of ten with the presence of added and
varying background noise. Such tests require
the flexibility of a software-based system with a
virtually unlimited number of channels that can
communicate with a wide range of interfaces
and the right stimulus signals and analysis
algorithms to turn the measured signals into
meaningful data.
Production applications still require simpler
tests than the R&D lab, but the way in which these
are done is changing. In 25 years, we have moved
from human listeners, through manually operated
automated tests to large-scale tests where the
audio test system is automatically operated as
part of a larger test scheme with vast volumes of
data being written to cloud-based databases for
big data analysis and full component and device
traceability. Recent production developments have
focused both on enabling this with functionality
such as TEDS integration, multi-channel interfaces,
better external control functionality and improved
database capabilities, as well as functionality
which increases the speed of large-scale set-up.
I anticipate this trend will continue for the next
few years at least!

The Future

It’s been an amazing journey this past quarter
century! Although my retrospective here has
focused on the technological innovations in the
industry and how we have evolved with it, there
is so much more that has gone unmentioned.
For example, I have been fortunate enough
to present many of our innovations at the Audio
Engineering Society (AES) conventions, at several
Association of Loudspeaker Manufacturing &
Acoustics (ALMA) International Symposium & Expo
(AISE) events—the organization is now known as
Audio & Loudspeaker Technologies International
(ALTI)—and ISEAT, and other symposia, as well
as sharing a stage for panel discussions, and

SoundCheck version 18 was released in March 2020.

authoring and presenting papers with such
industry leaders as Sean Olive, Laurie Fincham,
Don Keele, Floyd Toole, Mike Klasco, Patrick Dennis,
and more.
It has truly been a privilege to work with so
many knowledgeable people over the past 25
years. Of course, the dedicated Listen team,
several of whom have been with the company
for many years, have played a huge part in our
success, as well as our many customers who have
made us what we are today by needing solutions
to demanding audio test challenges!
So, what’s next? I don’t think anyone can
say for sure. Voice control is here to stay, and
that will continue to present new and exciting
challenges. I suspect that the recent huge increase
in working from home will drive innovation in the
teleconferencing, communications and accessories
marketplace, and we will see innovation here with
more on-board DSP in the quest for better sound
quality, which will lead to more complex test
requirements. One thing that is certain though,
is that no matter what the device, correlation to
human perception will be important, whether for
voice control or listening pleasure. This means that
we need to invest in new and improved algorithms
with stronger correlation to human listeners.
No doubt we will also see whole new classes
of devices that haven’t been conceived yet, which
will present new testing challenges. We have seen
so much audio innovation in the past 25 years,
and the pace of change has been quite incredible.
I look forward to seeing what the next 25 years
brings! LIS
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