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Photo 1: A view of InfoComm 2011

InfoComm 2012
InfoComm is the largest professional audiovisual 

communications trade show in the world. This year’s 
InfoComm 2012 is being held June 9–15 (June 9–15 
for the conference and June 13–15 for the exhibits), 
at the Las Vegas Convention Center, Las Vegas, NV.  
This year’s organizers expect over 34,000 attendees 
and 925-plus exhibitors.

InfoComm 2012 will feature five Technology pavil-

ions, the Audio pavilion, the Commercial Systems 
& Sustainable Technologies pavilion, the Unified 
Collaborative Conferencing pavilion, the Digital 
Signage pavilion, and the Lighting and Staging pavil-
ion.  The Audio pavilion, sponsored by Renkus-Heinz, 
will feature loudspeakers, amplifiers and mixers, micro-
phones, headphones and headsets, signal processing 
and wireless equipment, distributed audio, and nurse 
call and paging solutions.

Here’s another interesting component that anyone 
involved with the loudspeaker industry should check 
out.  House Research Institute (formerly House Ear 
Institute) is presenting  a free hearing health educa-
tion and hearing screening service to InfoComm 
attendees and exhibitors through  its Sound Partners 
hearing loss prevention program in the Central Hall 
(booth #C5252). House Research Institute, a nonprofit 
501(c)(3) hearing health research and educational orga-
nization, in partnership with InfoComm and Listen 
Technologies, is offering the free hearing screening 
services by appointment. For more information, e-mail 
info@houseresearch.org. Free screenings will take place 
during the regular show hours.  

Loudspeaker and measurement equipment manu-
facturers exhibiting at InfoComm 2012 include Atlas 
Sound, Bag End Loudspeakers, Behringer, Bose, 

ACOUSTIC PATENTS
By James Croft

16
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The “Must Have” reference for  
                loudspeaker engineering professionals.

       Home, Car, or Home Theater!
Back and better than ever, this 7th edition

provides everything you need to become a

better speaker designer. If you still have a  

3rd, 4th, 5th or even the 6th edition of the 

Loudspeaker Design Cookbook, you are  

missing out on a tremendous amount of  

new and important information!

Now including: Klippel analysis of drivers,

a chapter on loudspeaker voicing, advice  

on testing and crossover changes, and so

much more! Ships complete with bonus CD

containing over 100 additional figures and

a full set of loudspeaker design tools.

A $99 value!

Yours today for just $39.95.

Shop for this book, and many
other Audio Amateur products,
at www.cc-webshop.com.
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Community Professional Loudspeakers, Crestron, 
Danley Sound Labs, DJ Tech Professional, Duran 
Audio, Eastern Acoustic Works, Faital Pro, FBT USA, 
Fostex, Frank Audio, Fulcrum Acoustic, FZ Audio, 
Galaxy Audio, Harman, Holosonics, Leon Speakers, 
Martin Audio, Meyer Sound Laboratories, Nady 
Systems, Neutrik USA, Niles, NTI Americas, Parts 
Express, Peavey Electronics Corp., Penton Audio, QSC 
Audio, Radian Audio Engineering, Rational Acoustics, 
RCF USA, Renkus-Heinz, Roland Systems Group, 
SoundSphere, SoundTube Entertainment, Spectr 
Audio, Stealth Acoustics, Turbosound, Wharfdale Pro, 
Worx Audio Technologies, Yamaha Commercial Audio 
Systems, and Yorkville Sound.  For more information, 
visit the InfoComm 2012 website at www.infocom-
mshow.org.

Capitol AudioFest 2012
Capitol AudioFest is a regional high-end audio show 

for consumers.  This year marks the third Capitol 
AudioFest, which is being held July 13–15 at the Crown 
Plaza Hotel, Rockville, MD. The list of loudspeaker 
manufacturers includes: Abingdon Music, Audience AV, 
Audio Note UK, Bob Carver LLC, Carnegie Acoustics, 
Classic Audio Loudspeakers, Auditorium 23, Daedalus 
Audio, DeVore Fidelity, Joseph Audio, MBL North 
America, Philharmonic Audio, Polk Audio, Sonist 
Loudspeakers, Sophia Electric, Soundfield Audio, 
Surreal Sound Audio, The Voice That Is, Thoress, and 
Volti Audio.

In 1978, I was an exhibitor with a high-end loudspeak-
er product produced by my company Speaker Research 
Associates (SRA) in the “Jockey Club” Esoteric exhibit 
at CES, so I certainly have a soft place in my heart for 
these intrepid audio warriors striving to produce the 
ultimate musical loudspeaker. Anyway, for more infor-
mation, visit the Capitol AudioFest website at www.
capitolaudiofest.com.

ALMA Winter Symposium 2013
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) Winter Symposium 
theme for 2013 is “Product Development in the 
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Visit midwestaudiofest.com
for more event information and registration.

Join thousands of audio enthusiasts at the 
Parts Express Springboro, Ohio headquarters 
for the lowest prices of the year. There will be 
huge discounts on everything in our Retail Store 
during the Tent Sale, as well as unbelievable 
savings on factory buyouts, scratch & dent items, 
and one of a kind samples. The Audio Swap 
Meet will be back this year by popular demand, 
giving you the opportunity to buy and swap 
anything and everything audio! Experience the 
high fi delity sound of creatively built speakers 
in the Speaker Design Competition. Hear some 
chest pounding audio systems at the Auto Sound 
Challenge. Make your plans now to join us for a 
day of giveaways, food, vendor displays,
and incredible deals!

Saturday July 14th 
8:00 AM to 5:00 PM

Springboro, Ohio

Join the Largest 
Premier Gathering for 

Audio Enthusiasts!

4 Events, 1 Day Only!

725 Pleasant Valley Drive
Springboro, OH 45066-1158
1-800-338-0531

Scan to add 
Midwest Audiofest to 
your Facebook events
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ALMA has also issued a “Call for Papers” for its 2013 
Winter Symposium. Technical papers are invited and 
abstracts will be evaluated on the basis of their overall 
quality and relevance to the theme of the symposium, 
relevance and value to the loudspeaker industry, and 
practical feasibility and usage of topic and information 
presented.  Note that the topic range has been expanded 
to include related technologies.

Each paper session is scheduled to last 30 minutes, 
and up to four papers will be selected. Presenters should 
submit to ALMA:

A title
A 75-word or less abstract/summary suitable for 
reprinting in pre-symposium promotional literature
The name, address, phone number, and a short 
biography of each presenter
A list of any special equipment needed

Contact Mark Beach (mark@dyneanalytics.com) and 
Peter Andrews (Peter.Andrews@materion.com) to dis-
cuss the program further.

The closing date for submissions is October 15, 2012. 
Notification of presenters will be by October 31, 2012. 
Presenters must supply copies of their presentations in 
electronic format (e.g., Powerpoint, MS Word, or PDF) 
by December 15, 2012. 

Submissions should be e-mailed to management@
almainternational.org.  

Global Paradigm: Acoustic Modeling, Measurement, 
and Manufacturing in the Modern Marketplace.” This 
year’s program has been expanded to cover related tech-
nologies such as micro-drivers, microphones, hearing 
aids, and so forth.  The 24th annual symposium will be 
held Sunday, January 6 to Monday, January 7, 2013, in 
Las Vegas, NV, before the CES.  The exact location will 
be announced shortly.  Exhibitor and attendee registra-
tion information will be posted in September.  Go to 
www.almainternational.org to join the ALMA mailing 
list and receive future updates.

The largest event in the world entirely dedicated to the 
loudspeaker industry, the ALMA Winter Symposium 
will feature training courses on various aspects of loud-
speaker modeling, test and measurement, and manu-
facturing. In addition, there will be technical paper 
presentations, tutorial sessions, round table and panel 
discussions, an exhibit hall showcasing suppliers to the 
industry, and an annual banquet during which the now 
famous “Driver Awards” will be presented to deserving 
recipients.

New symposium co-chairs, Mark Beach, of 
Dyne Analytics, and Peter Andrews, of Materion 
Electrofusion, stress: “there are always plentiful edu-
cational and networking opportunities at the ALMA 
Winter Symposium. We look forward to producing an 
excellent symposium program—that is with the help 
and participation of everyone industrywide!” 

JULY 13-15
Washington DC Metro

Areas Only Comprehensive
Quality Audio Event

Come to the 3rd Annual Capital Audiofest at the Crowne Plaza Hotel on July 13-15 where
you will see and hear quality audiophile equipment and home integration products

ranging from the affordable to the exotic. Revisit with your old friends from last year and
make many new ones this year!

����������	
������	����������������	�����	��������������������
www.capitalaudiofest.com
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CANDIDATES FOR 2012–2013 AES ELECTIONS
In accordance with the Audio Engineering Society (AES) 

bylaws, the Nominations Committee hereby notifies all vot-
ing members that the following slate of candidates has been 
nominated by the committee:

President-Elect—David J. Murphy, Sean E. Olive
Vice President Eastern Region, U.S., & Canada—
Steven G. Bellamy, Robert W. Breen
Vice President Western Region, U.S., & Canada—
David Bowles, Jonathan Novick
Vice President Northern Region, Europe—William 
Frances Foster, Joshua Reiss
Treasurer-Elect—Garry Margolis
Secretary—David Lane Josephson, Ronald D. Streicher
Governor—Russell E. Berger II, James David 
Johnston, John D. Krivit, Peter Alan Mapp, Valerie 
Tyler, Michael Williams

The AES 2012–2013 election will take place between 
June 1, 2012 and July 13, 2012. Voting materials will be 
sent Friday, June 1, from aeshelp@electionservicescorp.
com. Please unblock this address from your spam filter to 
receive your election materials. Last year, more than 96% 
of the AES voting members voted online. This year AES 
would like to encourage more members to vote online, 
saving possible postal delays and extra costs in the election 
procedure. VC

For more information visit www.ALMAInternational.org

• Training courses
• Technical paper presentations, tutorials,

round table and panel discussions
• Exhibits showcasing suppliers to the industry
• Annual banquet and now famous “Driver

Awards” presentation
Addressing transducer technologies
such as loudspeakers, micro-drivers,
microphones, hearing aids, and more!

Product
Development
in the Global
Paradigm:
Acoustic Modeling, Measurement
and Manufacturing in the
Modern Marketplace

JANUARY 6-7, 2013
TUSCANY SUITES
& CASINO
LAS VEGAS, NV

2013 WINTER
SYMPOSIUM

Association of Loudspeaker
Manufacturing & Acoustics
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 Spotlight
60 Years of Audio
A Perspective on the Chinese Speaker 
Industry and GGEC

By Mike Klasco

Most of our readers know of Guoguang Electric 
Company (GGEC), the oldest and one of the larg-

est speaker manufacturers in China. Last November was 
GGEC’s 60th anniversary. I wrote a profile in Voice Coil on 
GGEC back in the mid-1990s and took an updated look 
at the company in September 2008. Not too many speaker 
companies have a 60-year history and Voice Coil feels GGEC 
deserves special recognition. For those of you who have read 
the Pulitzer Prize-winning writer James Michener’s books 
(Hawaii, The Source, Chesapeake, etc.), he likes to start at the 
very beginning. Well, as most of you have suffered through 
my articles for years, you already know I am no Michener, 
but I, too, like to start at the beginning. China’s history 
begins in 400,000 B.C. with the Peking man. Zhenpiyan 
culture begins in 7,600 B.C. with the domestication of ani-
mals, and Guangzhou (Canton) city dates back  before the 
Qin Dynasty, which is about 200 B.C. Let’s jump to 1949, 
to disucuss the founding of the People’s Republic of China. 
In 1951, GGEC was established in Guangzhou (see Photo 1). 
In this story, the history of Guangzhou City, the Chinese 
speaker industry, and the history of GGEC are intertwined.

 I first heard of GGEC in the late 1980s. Although I 
had previously spent a lot of time in Taiwan and Korea, I 
received a job consulting on a project with a Chinese manu-
facturing expert to determine the fate of a huge state-run 
speaker company just outside of Shanghai. The company 
deservingly got the axe. My Chinese colleague insisted that 
I not judge Chinese speaker engineers by my first impres-
sion and took me to visit Shanghai Feilo. This was another 
state-run company, but it had automated Japanese Suehiro 
production lines and some very experienced speaker engi-
neers. I asked if there were any other viable speaker factories 
in China, and I was told of one other—Guoguang Electric 
(GGEC). Today, Feilo is a large diversified public company 
with many divisions. Perhaps out of deference to their audio 
legacy, Feilo Acoustics continues to manufacture electro-
acoustical products. Go to an AES or NAMM show and 
you can see Feilo condenser studio mics marketed under 
many western brand names in a dozen booths. 

 Let’s jump to the early 1990s and my first trip to south 
China. I was about to start my consulting work for GGEC. 
The company was transitioning from a state-run factory 
to semi-private one with investments from Hong Kong. It 
all sounded exciting, and I was not sure what to expect as 
I traveled from San Francisco to Hong Kong. In what was 
then the British colony of Hong Kong, I transferred to a 
shiny new China Southern Boeing 757 for the 20-minute 
flight to Guangzhou airport. The seating was very tight, 

military style, but I was relieved not to be on an old Russian 
passenger aircraft, which was the norm for China domestic 
flights. The Guangzhou airport was new and large but 
almost empty with only a few daily flights. I was greeted by 
GGEC’s representatives—some very young kids just out of 
college. Some of them are still at GGEC, but they how hold 
high-level positions within the company. 

 We took a wide dirt road that was going to be the new 
freeway but was still under construction. Of course, today, 
the China coast is crisscrossed with modern freeways and 
endless bullet train lines to everywhere. As part of the 
Chinese government’s decentralization program in the 
1980s, GGEC had been moved to a small town, Huadu, 
east of Guangzhou city. After U.S. President Jimmy Carter’s 
reserved, perhaps timid style, President Ronald Reagan 
seemed a bit scary with his finger on the nuclear button. 
I cannot imagine how Reagan was seen by Chinese lead-
ers, but his style prompted the Chinese to make defensive 
moves, spreading out their technology centers. The Cold 
War is over and the city has expanded to where GGEC’s 
once rural location is now among the urban sprawl. 

 Even 20 years ago, GGEC was a huge campus with 
its own streets and worker housing. Parts manufacturing 
capability has always been vertical with cone making, frame 
punching, and other in-house parts fabrication, but GGEC 
parts sourcing is agile and independent parts vendors with 
the right stuff are also used. As a consultant, my job was to 
provide a western viewpoint and introduce new technology. 
At the time, as today, GGEC had its own facilities for voice 
coil winding, cone making, frame stamping, and paint-
ing, but much of this infrastructure needed development. 
GGEC’s assembly building was new and unusually tall: it 
was about six floors of assembly lines, including automated 
production lines from Japan.

 Back then, I met with Mr. Jinyuan Yu, who is still 
affiliated with GGEC. (He also recently gave a paper at the 
ISEAT audio engineering conference.) As Chief Technology 
Officer, he now serves as a mentor to GGEC’s engineer-
ing staff members. His focus is research in the company’s 

Photo 1: The GGEC factory in the 1965
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engineering structure. Jinyuan has been with GGEC for 
30 years.

 Today, Tony Xie is GGEC’s general manager of R&D 
Center. He leads a team of 150 engineers, including 50 
acoustic engineers, 35 electrical engineers, and 20 mechani-
cal engineers. Mr. Xie has 15 years of experience in speaker 
design and holds a bachelor’s degree in acoustics. He started 
with GGEC in 1998.

GGEC is now a publicly traded firm on the Shenzhen 
(“SZ”) stock market. It had a successful public offering in 
2005 and GGEC has large real estate holdings, including 
the huge industrial campus it built after going public, which 
is still located in Huadu, east of Guangzhou city (see Photo 2). 
But now Huadu is a major city district of Guangzhou rather 
than a town on the city’s outskirts. 

Visiting GGEC is easy, as China Southern flies non-stop  

from Los Angeles (LAX) to Canton 
(CAN, another name for Guangzhou). 
The new GGEC location is only 15 
minutes from the new airport. China 
Southern is a member of Skyteam 
(Delta). It has a great “super econo-
my/cheap business class” service and 
is flying Boeing 777s. Hotel choices 
are excellent, with my favorite, the 
European five-star Pullman adjacent to 
the airport, and the New Century four-

star hotel as a good alternative.

GGEC Today
GGEC’s new factory complex now has 32 semi-automatic 

speaker production and assembly lines (see Photo 3 and 
Photo 4). They are capable of producing speakers with 
sizes ranging from 0.05" to 21" with an endless range of 
specifications. Applications include telephones, televisions, 
home theaters, Hi-Fi speakers, multimedia, automobiles, 
broadcasting, and studio monitors, among others. 

GGEC follows best practices for facility management 
including: climate control (air conditioning), sealed coated 
floors, magnification optics for critical assembly stations, 
pics and instructions for each work station, response test-
ing go/no for QC, and so forth. Today, GGEC custom-
ers include JBL/Harman/Infinity, Logitech, and Bose for 
speakers and minispeakers, and Dell, Toshiba/Onkyo, and 

Photo 2: The GGEC factory today

Photo 3: GGEC’s new factory complex now has 32 semi-automatic 

speaker production and assembly lines

Photo 4: GGEC workers at their assembly stations



CONFERENCE

October 26-29, 2012
EXHIBITS

October 27-29, 2012

Moscone Convention Center   
San Francisco, CA

133rd AES
CONVENTION

www.AES.org
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Lenovo for laptop mini and microspeakers. In the last few 
years, GGEC acquired MG, a receiver manufacturer, and a 
prosound electronics manufacturer, enabling them to pro-
duce integrated speaker/electronics products, including self-
powered studio monitors and powered subwoofers.

Yet, it is not all hardware. People are the key resource. On a 
recent project just after GGEC’s 60th celebration in November 
2011, I had to visit and evaluate a half dozen speaker factories 
in China for a U.S. client. Without commenting on some of 
the other companies, let’s just say that when you walk around 
the GGEC campus you will see relaxed people in a good state 
of mind. Pleasant surroundings, reasonable expectations, and 
stable management all contribute to a good supplier.

 The prelude to the 60th anniversary event started on a 
high note with China’s Premier Wen Jiabao—China’s head 
of government—visiting GGEC and awarding the company 
the status of the Acoustic Research Center for China. Nanjing 
University is best known as China’s resource for acoustic 
research, but now there is a big push for Guangzhou city to 
have its own acoustic research institution, and GGEC will be 
leading this initiative.

An Interview with Dave Cox, VP Business 
Development at GGEC—March 2012

MIKE KLASCO: Dave, it’s been a while.

DAVE COX: Yes it has, been four years, how are you doing?

MIKE: Well I see you are still in the same place.

DAVE: Yes, there has been a lot going on since we last chat-
ted. I’m having a blast here.

MIKE: So, if my memory is correct, you have been with 
GGEC for almost five years now?

DAVE: Yes, I must admit I have seen a lot of changes in 
consumer audio technology in that time. There have, as 
everyone knows, been changes in the world economy as well. 
We, here, actually did well during the financial fiasco of 2009, 
and broadened our business demographic to withstand future 
setbacks, avoiding total dependence on foreign business. We 
have strengthened our business models in North America and 
Europe, while making positive efforts in our domestic chan-
nels and brands here in China.

MIKE: What changes are you seeing with your North 
American business?

DAVE: We are seeing more consolidation of suppliers from a 
customer standpoint. Today’s customer is looking for security 
and an extension of their own operations. In the old days, it 
might have been price, but now, it is more about partner ship-
ping with two or three suppliers rather than split that business 
up among qualified suppliers. GGEC happens to benefited 
greatly from this model as we have a very open policy here.
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role for wireless transmission standardization. This stuff is really 
starting to work now. Used to be a bit risky, but it is becom-
ing solid and will be part of consumer audio going forward. 
The trick is standardization so brands can interact with each 
other. Other things are constant partnerships with technology 
companies in electronics—such as DSP, microprocessors, user 
interface, power supply technologies, and digital signal per-
formance and speed. Software development is becoming an 
important part of our job as well. I think as long as we keep 
after this, we will remain a leader.

MIKE: What about acoustics? Anything new there?

DAVE: Yes, certainly! As you noted, we are doing a lot of real 
R&D on microdrivers, and our engineering people are gather-
ing patents on many fronts. Our engineer,  George Wei, has 
seven applications in process, and the wall in the engineering 
department in China is loaded with many patents. Our Pro 
Audio drivers are really taking off, popping up all over the 
world and entertaining the masses. You also noted our govern-
ment accreditation from Beijing, which also is not a bad thing.

MIKE: Dave, where and how do you think business is 
going forward? Your predictions from 2008 were not too 
far off.

DAVE: Lots of changes as always. The dollar and the RMB 
will always be a continuing issue. We all need to prepare for 

MIKE: Can you explain more about the open policy?

DAVE: From technology, design, and building a bill of materi-
als, it all has got to be out there. Because margins are getting 
tight for everyone, we all have to work together to make sure 
everyone is doing okay. Gone are the days of sandbagging 
and shell games with development and pricing a product. We 
know what the customer’s margin expectations are, we know 
what the MAPS and MSRPs are, and we let our customers 
know where we are in margin expectations. We develop in 
partnership from those goals.

MIKE: So everything goes on the table upfront?

DAVE: Yes, we must, otherwise a lot of time and effort is wast-
ed. Everyone needs concise direction to get stuff to market.

MIKE: How are you staying ahead of the technology curve?

DAVE: We are constantly looking into the future to predict 
where the consumer is going. We advise our customers accord-
ingly. When they have ideas, we share our thoughts on emerg-
ing technologies and costs, and how they might fit in. This 
stuff changes monthly it seems!

MIKE: What things are you focused on these days?

DAVE: Wireless for sure. We just joined WiSA in an advisory 
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5.0 RMB versus $1. We need to deal with escalating shipping 
costs. We are also going to see many brands try to go regional.

MIKE: How does GGEC stay competitive?

DAVE: A few things: We need to become a leaner manufactur-
ing company. This is not to say scale back, but rather become 
more efficient in how we make products. This goes all the way 
from the supply chain, inventory, and efficient manufacturing 
methods, like we see in North America and Europe. We need 
to offset the rising costs of energy, materials, and labor.

The customers at some point are going to need to raise the 
prices of their finished goods. You have everything on the 
planet going up in price, but consumer electronics are either 
staying the same or going lower. This hurts margins on both 
sides of the business proposition. If it was $99 in 2009, it 
might be $129 in 2013. Unfortunately, it will start pacing with 
everything else that has gone up—just not so badly.

MIKE: What is GGEC’s plan to combat this issue?

DAVE: Efficiency. We already had outside international 
consultants go through GGEC in 2011, and we are making 
improvements and implementing those changes. We also have 
another set of improvement policies going into place in 2012 
that are coming from another international source. So, we are 
not stopping with one source of improvement. We are also 
planning a second phase with a second source of efficiency 

education and policy. Next is quality! Lowering the cost of QA 
is paramount in keeping profitable for the future.

MIKE: You don’t think GGEC will lose to other regions? 
You said no in 2008. Do you still think that way?

DAVE: I have the same answer as back then. No. Global eco-
nomic adjustments will take place. We have the infrastructure, 
and it is not going anywhere. We just have to continue our 
path of becoming a 21st-century factory. This is everyone’s 
goal, and when we set our minds to something, we do it.

The Future for GGEC
In August 2011, the Central Government of China selected 

GGEC as the country’s official acoustic research and design 
facility. In the coming months, construction will take place 
on the GGEC campus, as a joint effort between GGEC and 
the Chinese government. The new project will encompass 
research facilities, laboratories, and educational facilities for the 
current and next generation of acoustic innovations. GGEC is 
proud to be a partner in this joint adventure and confident it 
will be in the audio business for the long term. VC

You can contact GGEC at:
Guoguang Electric Co., Ltd (GGEC)—Direct: +86-20-

28609960; Fax: +86-20-28609828; or e-mail Mr. Kobe 
Zhang, VP GGEC Americas, at kobe@ggec.com, by cell 
(714) 797-2548; or at the office: (714) 750-2280.
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Acoustic Patents
By James Croft, Croft Acoustical

The following loudspeaker-related patent was filed pri-
marily under the Office of Patent and Trademarks clas-

sification 181 for acoustical devices, 381 for electrical-signal 
processing systems, and HO4R for international patents. 
This also includes new patent applications that are published 
in the Patent Application Journal. 

LOW-FREQUENCY RANGE EXTENSION AND 
PROTECTION SYSTEM FOR LOUDSPEAKERS

Patent Number: U.S. 8,019,088
Inventors: Tomlison Holman, (Yocca Valley, CA)
Assignee: Audyssey Laboratories, Inc. (Los Angeles, CA)
Filed: January 23, 2007
U.S. Class: 381/55
Granted: September 13, 2011, Claims: 20, Drawings: 6

Abstract from Patent
Low-frequency bandwidth extension in the form of dynamic 

electrical equalization may be applied to loudspeakers so 
long as the excursion capability of their drive units, as well as 
velocity limits of any port(s), or excursion limits of any asso-
ciated passive radiator(s), and the power limits of the drive 
units are not exceeded. The bandwidth extension maximizes 
low-frequency bandwidth dynamically such that excursion is 
fully utilized over a range of drive levels, without exceeding 
the excursion limit. Additional limiting control is available 
for port air velocity or passive radiator excursion, and loud-
speaker drive unit electrical power. The system applies to 
open back, closed box, vented box, and more complex box 
constructions consisting of combinations of these elements 
for loudspeaker designs using design parameters appropriate 
to each system (see Figure 1).

a dynamic high-pass filter frequency and Q controllable 
through the filter control port; a control side chain compris-
ing in series, a low-pass filter, a first full-wave rectifier, and a 
first nonlinear transfer function, the control side chain elec-
trically connected to receive the speaker signal and to provide 
the control signal to the filter control port; a power ampli-
fier electrically connected to the dynamic high-pass filter to 
receive the filtered signal, the amplifier for amplifying the 
filtered signal to generate a speaker signal; and a loudspeaker 
electrically connected to the amplifier to receive the speaker 
signal, the loudspeaker for transducing the speaker signal to 
generate an acoustic signal.

14. A method for extending the low-frequency bandwidth 
of an audio system, the method comprising: providing an 
unfiltered input signal to a dynamic high-pass filter; provid-
ing the unfiltered input signal to a first side chain of the audio 
system; low-pass filtering the unfiltered input signal to gener-
ate a low-pass signal with a transition band at approximately 
the lowest resonate frequency of a speaker enclosure of the 
audio system; generating a control signal from the low-pass 
signal; providing the control signal to a filter control port of 
the dynamic high-pass filter; adjusting a frequency and Q 
of the high-pass filter based on the control signal to limit a 
speaker excursion of the audio system when the control signal 
is high; filtering the unfiltered input signal in the dynamic 
high-pass filter using the adjusted filter parameters to gener-
ate a filtered signal; providing the filtered signal to a power 
amplifier amplifying the filtered signal in the power amplifier 
to generate a speaker signal; and providing the speaker signal 
to a speaker.

16. A method for extending the low-frequency bandwidth of 
an audio system, the method comprising: providing an input 
signal to a dynamic high-pass filter providing the input signal 
to a first side chain of the audio system; low-pass filtering the 
input signal in the first side chain to generate a low-pass signal 
with a transition band at approximately the lowest resonate 
frequency of a speaker enclosure of the audio system; generat-
ing a control signal from the low-pass signal; providing the 
control signal to a filter control port of the dynamic high-pass 
filter; adjusting the parameters of the dynamic high-pass filter 
based on the control signal to limit a speaker excursion of the 
audio system based on the control signal; processing the input 
signal in the dynamic high-pass filter to generate a filtered 
signal; providing audio system measurements to at least one of 
a group of side chains comprising: an driver excursion limit-
ing side chain; a port velocity limiting side chain; an audible 
clipping limiting side chain; and a power-limiting side chain; 
combining outputs of at least one of the groups of side chains 
to generate a limiting signal; providing the filtered signal to a 
limiter; providing the limiting signal to a limiter control port 
of the limiter; limiting the filtered signal, based on the limit-
ing signal to generate a limited signal; providing the limited 
signal to a power amplifier; amplifying the filtered signal in the 
power amplifier to generate a speaker signal; and providing the 
speaker signal to a speaker.

Review Comments 
The subject matter of this patent is that of a new type of 
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Figure 1: U.S. Patent 8,019,088

Independent Claims
1. A system for enabling low-frequency bandwidth extension 

and loudspeaker driver protection comprising: a dynamic high-
pass filter electrically connected to receive a speaker input 
signal and to generate a filtered signal, the dynamic high-pass 
filter having a filter control port for receiving a control signal, 
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low-frequency dynamic equalizer developed by Tomlison 
Holman while at Audyssey Labs. (He is now working 
for Apple Computer.) The first well-known disclosure of 
a dynamic EQ system was in 1980 in an AES paper by 
Daniel von Recklinghausen, “Dynamic Equalization for 
Loudspeakers,” that depicted a smallish, 6-liter, loudspeaker 
marketed by KLH. Mr. von Recklinghausen was granted 
a patent in 1982 (U.S. 4,327,250, “Dynamic Speaker 
Equalizer”).

 As often happens, when prosecuting the von Recklinghausen 
application, the patent examiner didn’t cite the lesser known, 
original inventor of the concept, Paul Steel, (U.S. 4,113,983, 
“Input Filtering Apparatus for Loudspeakers”) whose pat-
ent was granted  five years earlier and assigned to Teledyne 
Acoustic Research, but with no record of Acoustic Research 
ever applying it to a product.

Over the last few decades, there have been many improve-
ment patents applied to the concept, mostly relating to attack 
and release times and various control scheme implementa-
tions. Dynamic EQ has been applied to most loudspeaker 
types (e.g., acoustic suspension, bass reflex, bandpass, etc.) 
and the basic shape of the equalization curves have most 
often been based on simple underdamped high-pass filters, 
which boost and extend the lowest frequencies at low signal 
levels, and then reduce the gain of the boosted low frequen-
cies as the signal levels increase to the point of overdriving the 
low-frequency transducer. The reduction of low-frequency 
signal gain is tends to be fairly even for frequencies below a 
predetermined frequency where the speaker system becomes 
vulnerable to overload.

While this broadband gain reduction approach tends to 
match the needs associated with an acoustic suspension, or 
open baffle system, wherein the increase in excursion with 
reduction in frequency increases in a consistent manner. For 
resonant tuned systems, such as a bass reflex, the equalization 
curves don’t match the dynamic Xmax requirements versus 
frequency. It can be optimized to protect from overload, but 
at the tuning frequency, the output capability versus excur-
sion is much greater in a bass reflex system.

Addressing this issue is one of the main attributes of the 
Holman patent. For a vented system, to both protect the 
woofer transducer from excursion overload, and at the same 
time, maximize output at all bass frequencies, a compound 
dynamic filter contour can be more effective. At the vent 
tuning frequency, the vent output is maximized, and the excur-
sion of the woofer is minimized, by the Helmholtz resonance, 
such that from an Xmax standpoint, the transducer can 
accept substantially more input signal level than at frequen-
cies directly below and above the tuning frequency. 

So, for a vented system, one can see the gain curves versus 
bass frequencies (see Figure 2) is a more useful dynamic EQ 
filter shape, as the change in gain at the vent-tuning frequency 
is substantially unchanged over a significant range of input 
signal level. In the prior art acoustic suspension applications 
of dynamic EQ, the physical bass impact is substantially 
reduced during high-input signal levels. This issue is made 
even more problematic in that to minimize audible distortion, 
the release times of dynamic EQ systems can be quite long, 
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out the low-frequency range and can arrange it so that the 
dominant gain reduction occurs only at frequencies adjacent 
the vent tuning frequency, it keeps the energy at the vent tun-
ing frequency at full gain levels.

The first approach maintains high fidelity, and offers 
improvements in system output, but it is very program 
dependent relative to achieving that advantage. The second 
approach works on all program material and can maintain 
a certain level of physical bass impact, but creates a dynamic 
frequency response that, under high signal levels, can result 
in a “one-note bass” effect, similar to mistuned bass reflex 
systems. 

In the 1990s, I engaged the late Robert Williamson to 
develop the same type of dynamic EQ system, optimized 
for vented and tuned-pipe systems that utilized a unique 
control algorithm that integrated the advantages of the first 
and second implementation types enabling the realization of 
a full impact system while minimizing the audibility of the 
“one-note” or release-time sonic artifacts.

It is also interesting that in the von Recklinghausen patent 
the simple dynamic EQ slopes that work best with acoustic 
suspension systems were the only type disclosed. But in the 
AES paper (curiously absent from the thorough list of refer-
ences in the Holman patent), von Recklinghausen shows the 
KLH production speaker as a vented device and the illus-
trated dynamic EQ curves are contoured in a manner that 
appears to be better optimized for a vented system, similar 
to those suggested in the Holman patent.

While this optimization for use with vented systems is a 
strong point of the patent, it further discusses optimizing 
use with a variety of enclosure types. It also incorporates 
side-chain sensing, and/or prediction of forms of overload 
other than transducer Xmax, such as voice coil thermal 
limits, passive radiator linearity, vent/port air velocity, and 
audible clipping of the associated power amplifier.

The system can minimize any or all forms of distortions 
as they approach audible thresholds while at the same 
time providing a frequency-dependent maximization of 
the system output. These types of systems, even though 
they have  been around for many years, are just starting to 
come into their own, partially due to much greater recent 
interest because of the proliferation of small media audio 
systems and the need to realize the greatest possible appar-
ent output capability.

The patent and related references are an instructional 
read and the invention disclosed should be a useful and 
effective advancement in the dynamic EQ branch of 
signal processing. As an example, the technology, dubbed 
“BassXT,” can be found in the successful new Audyssey 
Audio Dock product.

As one last observation, in more than 30 years of study-
ing and developing patents, this is one of the only applica-
tions in this reviewer’s experience where all claims were 
allowed without a challenging office action. For those 
interested in developing patents, it is worth studying how 
the claims are organized relative to the prior art. Or, one 
might just want to hire Mr. Holman’s patent attorney, 
Kenneth L. Green, of Averill & Green. VC

compounding the effect of lack of bass impact during the 
large signal event, and continuing to suppress the entire low-
frequency range even after the signal gain is reduced.

Once one has some level of independent frequency control 
of the overload sending and the dynamic EQ curve, there is 
an opportunity to advantageously utilize the system to advan-
tage in two different ways.

One, if the high-signal level, low-frequency energy is cen-
tered at the vent tuning frequency, there is no need to reduce 
the gain over the whole low-frequency range and the system 
can maintain full low-frequency bandwidth and output, as 
opposed to having to reduce the entire low-frequency range 
unnecessarily.

Two, if the program material has high-level content through-
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Figure 2: U.S. Patent 8,019,088



JUNE 2012 19

Test Bench
An AMT and Ribbon from 
Airborne Plus a Mid-Range 
Driver from Scan-Speak
by Vance Dickason

This month’s subjects for review came from Airborne 
and Scan-Speak. From Airborne, I received the RT-20021 

“mini” 1 in2 Air Motion Transformer (AMT) and the RT-4101 
planar open-back ribbon tweeter. From Scan-Speak, I received 
the new Discovery Line mid-range, the 5.25" 15M/4624G00.

The May issue of Voice Coil featured two of Solen Electronique’s 
new AMTs, the RT-5002 and RT-4001. This month they sent 
the last in this new series, likely the world’s smallest AMT every 
produced, the 1" × 1" RT-2021. As I mentioned last month, 
the original AMT high-frequency transducer was invented in 
the early 1970s by Dr. Oskar Heil. The original patent (U.S. 
3,636,278) was issued January 18, 1972, with the final patent 
(U.S. 4,160,883) issued July 10, 1979. Since the last of Dr. 
Heil’s patents expired in 1999, there has been a resurgence of 
AMTs in audio, notably the Adam Audio GmbH line of studio 
monitors and the Emotiva Professional line of studio monitors.

 AMTs operate on a different principle than voice coil driver 
transducers, ribbon transducers, and electrostatic transducers. 
Compared to other driver categories, the AMT moves air in 

Photo 1: The Airborne RT-2021
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Figure 1: Airborne RT-2021 impedance plot

an augmented, semi-perpendicular motion using a folded 
sheet (generally made of polyethylene, polyester, or polyimide), 
structured around a series of aluminum struts positioned in a 
high-intensity magnetic field that literally “squeezes” the air to 
produce sound. 

The Airborne RT-2021
 The RT-2021, like the Airborne RT-5001 and RT-4001, is a 

monopole device that features a cast aluminum faceplate with 
a nearly square 18.5 × 20-mm aperture opening, neodymium 
motor structure, a power-handling rated at 20 W, plus standard 
solderable terminals (see Photo 1). 

 I began analysis using the LinearX LMS analyzer to per-
form a 200-point, four-wire Kelvin type impedance curve (see 
Figure 1). This testing fixture zeros out the wire resistance 
between the analyzer and the DUT. The device does not have 
a defined resonance, and its impedance is nearly equal to the 
DCR, which measured 3.56 Ω.
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Figure 3: Airborne RT-2021 on and off-axis horizontal frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 2: Airborne RT-2021 on-axis frequency response
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Figure 4: Airborne RT-2021 two-sample SPL comparison
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symmetrical in both directions. Figure 2 shows 
the on-axis response of the RT-20021. While the 
factory literature claims a sensitivity of 88 dB, this 
device is substantially louder with a sensitivity of 
more like 93–95 dB. The high-pass roll-off of the 
driver is –3 dB at 5 kHz, suggesting a crossover 
between 5–6 kHz as likely for this driver.

Figure 3 depicts the on- and off-axis frequency 
response from 0° to 45° in the horizontal plane, 
which exhibits an overall directivity similar to a 
typical 1" cloth dome tweeter. The two-sample 
SPL comparison, indicates the deviation between 
the two samples was 0.5–1 dB (see Figure 4).

 For the last group of measurements, I used 
the Listen, Inc. SoundCheck analyzer with the 
SCM microphone and SoundConnect pre-
amp/power supply (courtesy of Listen, Inc.). 
I set the SPL to 94 dB/1 m (1.3 V) using the 
built-in pink noise generator and SLM utilities, 
relocated the 0.25" SCM microphone to 10 cm 
from the faceplate of the RT-20021, and ran 
the distortion plot (see Figure 5). Note that the 

stimulus was limited to 4 kHz at its lowest frequency. 
 For the final measurement on the RT-4001, I performed 

an impulse measurement, imported it into the Listen, Inc. 
SoundMap software, windowed out the room reflections, and 
created the cumulative spectral decay plot (CSD) in Figure 6 
and the short-term fourier transform (STFT) in Figure 7.

The Airborne RT-4101
The next Airborne driver to be analyzed is the new RT-4101 

(see Photo 2). This device is an open-back ribbon tweeter with a 
94.5 × 9.5-mm aperture. Its features include a printed voice coil 
on a clear Mylar diaphragm, an injection-molded faceplate, a 

Figure 7: Airborne RT-2021 SoundMap STFT plot

Figure 6: Airborne RT-2021 SoundMap CSD graph

 Next, I mounted the RT-20021 in an enclosure with a 10" 
× 4" baffle area and proceeded to measure the on- and off-axis 
SPL using the LMS analyzer configured to generate 100-point 
2.83 V/1-m gated sine wave sweeps from 300 Hz to 40 kHz in 
the horizontal plane only. I didn’t do vertical on- and off-axis 
curves because this AMT is so nearly square, it should be mostly 

Figure 5: Airborne RT-2021 SoundCheck distortion plot
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Vance Dickason Consulting has been developing award 
winning products for numerous high profile brand 
names for over 20 years… experience that’s hard to find! 

With extensive experience in high-end off-wall, in-wall, 
on-wall, ceiling and subwoofer products plus close 
relationships with some of the worlds best speaker 
OEM’s and you have a combination of services that 
will accelerate your next product lineup.

We have all the best toys (Klippel, LEAP 5,
LMS, CLIO, MLSSA, LSPCad, FEA), so 
whether its multimedia, car audio, MI, 
Pro, two-channel or Home Theater 
(including THX®), VDC has the solutions.

Add to that an available design team that includes 
some of the best transducers engineers, industrial 
designers and marketing experts I know of in the 
industry and you have a winning combination that 
would cost well over $750,000 a year to keep in house.
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AMTs, this device does not exhibit a defined resonance, and its 
impedance is nearly equal to the DCR, which for the RT-4101 
measured 5.9 Ω.

Next, I mounted the RT-4101 in an enclosure with a 12" × 6" 
baffle area and proceeded to measure the on- and off-axis SPL 
using the LMS analyzer setup to produce 100-point 2.83 V/1-m 
gated sine wave sweeps from 300 Hz to 40 kHz in both the hori-
zontal and vertical planes. Figure 9 shows the on-axis response 
of the RT-4101. While the factory literature claims a sensitivity 
of 86 dB, this device has a sensitivity of more like 88 dB. There 
is some peaking in the response at 12 kHz , which is of no conse-
quence since it takes 5–8 dB of SPL change at those frequencies to 
be perceivable. However, this device is fairly flat out to 40 kHz, so 
for that level of perception at an octave above 20 kHz, this looks 
appropriate. The high-pass roll-off of the driver is –3 dB at 5 kHz, 
suggesting a crossover between 5–6 kHz as likely for this driver. 

 Figure 10 depicts the on- and off-axis frequency response 
from 0° to 45° in the horizontal plane. Figure 11 shows the 
same information in the vertical plane. Since the aspect ratio 
of the RT-4101 aperture is pretty extreme—like many rib-
bon transducers—there is substantial directivity in the vertical 
plane. The two-sample SPL comparison, indicates the devia-
tion between the two samples was 2–4 dB (see Figure 12).

 For the last group of measurements, I set up the SoundCheck 
analyzer with the SCM microphone and SoundConnect pre-
amp/power supply. With the SPL set to 94 dB/1 m (1.59 V) 
using the built in pink noise generator and SLM utilities, I relo-
cated the 0.25" SCM microphone to 10 cm from the faceplate of 
the RT-4101, and ran the distortion curves (see Figure 13). Note 
that the stimulus was limited to 2 kHz at its lowest frequency. 

 For the final measurement on the RT-4101, I performed an 
impulse measurement, imported it into the SoundMap software, 

stamped metal chassis with 20 5 × 2-mm open slots in the back 
for rear radiation, and a pair of solderable terminals.

I commenced analysis for the RT-4101 by performing a 
200-point impedance curve (see Figure 8). Like the Airborne 
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Figure 10: Airborne RT-4101 on- and off-axis horizontal frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 8: Airborne RT-4101 impedance plot
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Figure 9: Airborne RT-4101 on-axis frequency response

Photo 2: Airborne’s new RT-4101 driver

Figure 12: Airborne RT-4101 two-sample SPL comparison
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Figure 11: Airborne RT-4101 on- and off-axis vertical frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 14: Airborne RT-4101 SoundMap CSD graph

Figure 15: Airborne RT-4101 SoundMap STFT plot

Photo 3: Scan-Speak’s 15M/4624G00 mid-range driver

windowed out the room reflections, and created the CSD (see 
Figure 14) and the STFT (see Figure 15).

 For more information on these two high-frequency devices 
from Airborne, visit the Solen Inc. website at www.soleninc.com.

Scan-Speak’s 15M/4624G00
Moving on to the 5.25"-diameter 15M/4624G00, this 

driver represents the mid-range addition to the relatively recent 
and cost-efficient Scan-Speak Discovery line (see Photo 3). 
Small-diameter mid-range drivers used in three-way designs 
have always been an important product for Scan-Speak. The 

15M is built on a proprietary six-spoke cast 
aluminum frame that minimizes reflections 
off the frame back into the cone. Significant 
cooling is provided by six 23 × 6 mm “win-
dows” below the spider mounting shelf that 
enable air to flow across the frontplate and 
around the voice coil on forward excursions. 
Powering this 5.25" device is a conventional 
15-mm thick 85-mm diameter ferrite mag-
net, sandwiched between the polished front-
plate and rear T-yoke. The T-yoke also has 
a 7-mm diameter pole vent. Other features 
include a NRSC fiber glass curvilinear cone 
with a light damping coating on the back, 
rubber coated 1"-diameter phase attached 
to the pole piece, a very low-damping black 
foam surround, 3"-diameter black flat cloth 
spider, 1" (25 mm) diameter voice coil (alu-
minum former wound with round copper 
wire), an aluminum shorting ring (Faraday 
Shield), and gold-plated terminals.

 Testing commenced with the driver 
clamped to a rigid test fixture in free-air, 

voltage, and current sweeps taken at 0.3 V, 1 V, 3 V, and 6 V. 
Since this is a small diameter driver with the short Xmax of a 
mid-range (1.5 mm), I was surprised that the 6-V data was not 
too nonlinear for LEAP 5 to curve fit. The eight 550-point 
stepped sine wave sweeps for each 15M mid-range sample were 
post-processed and the voltage curves were divided by the cur-
rent curves (admittance) to create impedance curves. The phase 
was added using the LMS hyperbolic phase calculation method 
and, along with the accompanying voltage curves, uploaded to 
the LEAP 5 Enclosure Shop software. In addition to the LEAP 
5 LTD model results, I also created a LEAP 4 TSL model set 
of parameters using just the 1-V free-air curves. The final data 

Figure 13: Airborne RT-4101 SoundCheck distortion plot
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Figure 16: Scan-Speak 15M/4624G00 free-air impedance plot
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set, which includes the multiple voltage impedance curves for 
the LTD model (see Figure 16 for the 1-V free-air impedance 
curve) and the 1-V impedance curve for the TSL model, were 
selected and the parameters were created to perform the com-
puter box simulations. Table 1 compares the LEAP 5 LTD 
and TSL data and factory parameters for both of Scan-Speak 
4" samples.

Unfortunately, the LEAP parameter calculation results for 
the Scan 15M mid-range didn’t correlate well with the factory 
data, with the factory data having a significantly higher Fs, a 
lower Vas, and higher sensitivity. I’ve found that published data 
isn’t always updated throughout production, so sometimes this 
happens. Given the overall level of engineering integrity with 
Scan-Speak, I’m not too concerned about this. That said, I 
proceeded to set up computer enclosure simulations using the 
LEAP LTD parameters for Sample 1. I programmed in two 
sealed enclosures, one Butterworth and one Bessel response. 
For the first closed-box Butterworth simulation, I used a 131-ci 
enclosure with 50% fiberglass fill material, and for the second 
sealed box, a larger volume of 238ci with the same 50% fiber-
glass fill material.

Figure 17 displays the results for the Scan-Speak 
15M/4624G00 in the two sealed boxes at 2.83 V and at a 
voltage level sufficiently high enough to increase cone excur-
sion to Xmax + 15% (1.7 mm for the 15M). This resulted in 
a F3 = 144 Hz with a box/driver Qtc of 0.65 for the 131-ci 
closed box design and a –3 dB = 117 Hz and a Qtc = 0.55 for 
the 238-ci sealed box simulation. I conducted the two sealed 
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Figure 17: Scan-Speak’s 15M/4624G00 computer box simulations 

(black solid = sealed 1 @ 2.83 V; blue dash = sealed 2 @ 2.83 V; 

black solid = sealed 1 @ 7 V; blue dash = sealed 2 @ 5 V)

 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 80.5 Hz 75.3 Hz 77.2 Hz 72.4 Hz  100 Hz

Revc 3.14 3.14 3.14 3.14 3.2

Sd 0.0080  0.0080 0.0080 0.0080   0.0080

Qms 5.83 5.57 5.67  6.03   5.62 

Qes 0.38 0.34 0.40 0.39   0.47 

Qts 0.36 0.33 0.38 0.37 0.43 

Vas 5.7 ltr 6.6 ltr 6.3 ltr  7.2 ltr   3.7 ltr 

SPL 2.83 V 90.8 dB 91.0 dB  90.4 dB 90.3 dB   92.4 dB 

Xmax 1.5 mm 1.5 mm  1.5 mm  1.5 mm 1.5 mm 

Table 1: Scan-Speak 15M/4624G00 mid-range driver

simulations because the Butterworth enclosure was almost too 
small to be practical, plus making the enclosure larger lowers 
the resonance enough to make designing a high-pass network 
less of a problem.

Increasing the voltage input to the simulations until the maxi-
mum linear cone excursion was reached generated a surprising 
(for a mid-range with no high-pass filter) 102 dB at 7 V for 
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Figure 18: Group delay curves for the 2.83-V curves in Figure 17

Figure 19: Cone excursion curves for the 7/5-V curves in Figure 17

Figure 20: Klippel analyzer Bl (X) curve for the Scan-Speak 

15M/4624G00

Figure 21: Klippel analyzer Bl symmetry range curve for the 

Scan-Speak 15M/4624G00
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Figure 22: Klippel analyzer mechanical stiffness of suspension 

Kms (X) curve for the Scan-Speak 15M/4624G00

Figure 24: Klippel analyzer Le(X) curve for the Scan-Speak 

15M/4624G00

Figure 26: Scan-Speak 15M/4624G00 on- and off-axis frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)

Figure 23: Klippel analyzer Kms symmetry range curve for the 

Scan-Speak 15M/4624G00

the smaller sealed enclosure simulation and 98.5 dB with a 5-V 
input level for the larger sealed enclosure. See Figure 18 and 
Figure 19 for the 2.83-V group delay curves and the 7/5-V 
excursion curves. Very reasonable performance for a 5.25" mid-
range given this was “wide open” without the high-pass filter 
that will always be used with this product.

Klippel analysis for the Scan 15M mid-range driver produced 
the Bl(X), Kms(X), Bl, and Kms symmetry range plots given in 
Figures 20–23. The Bl(X) curve for the 15M (see Figure 20) 
is somewhat narrow and symmetrical, typical of short Xmax 
drivers, with a trivial coil-out (outward) offset. Looking at the 
Bl symmetry range curve in Figure 21, there is a 0.4-mm coil-
out (forward) offset that goes to 0.3 mm at the physical Xmax 
position (1.5 mm for the 15M), so very nice. Figure 22 and 
Figure 23 give the Kms(X) and Kms symmetry range curves 
for the 5.25" mid-range. The Kms(X) curve is even more 
symmetrical. Figure 23 shows a 0.15-mm coil-out offset at the 

rest position that decreases to 0.09 mm at the physical Xmax 
of the driver. Displacement-limiting numbers calculated by the 
Klippel analyzer for the Scan-Speak mid-range were XBl @ 82% 
Bl = 2.3 mm and for XC @ 75% Cms minimum was 3.6 mm, 
which means that for this 5.25" mid-range driver, the Bl offset is 
the most limiting factor for a prescribed distortion level of 10%, 
but both numbers are significantly beyond Xmax.    

Figure 24 gives the inductance curves L(X) for the 
15M/4624G00, which shows the inductance decreases as voice 
coil travels inward covering more of the pole piece, typical of a 
driver with a shorting ring installed—it is aluminum in the case 
of the 15M mid-range. The inductance swing from Xmax for-
ward to Xmax rearward is about 0.16-to-0.17-mH inductance, 
which is excellent.

With the Klippel testing complete, I mounted the 15M 
midrange in an enclosure that had a 15" × 5" baffle filled with 
foam damping material and proceeded to measure the driver 
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Figure 25: Scan-Speak 15M/4624G00 on-axis frequency 

response
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Figure 27: Scan-Speak 15M/4624G00 two-sample SPL comparison
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frequency response at 0°, 15°, 30° and 
45°. A 3-to-4.5-kHz crossover frequency 
would be appropriate for this Scan-Speak 
small woofer because –3 dB at 30° with 
respect to the on-axis curve occurs at 
4.5 kHz. Figure 27 gives the two-sample 
SPL comparisons for the 5.25" 15M 
driver, showing a good match within the 
15M’s operating range.

 For the last group of testing, I again 
fired up the SoundCheck analyzer, the 
SCM microphone, and power supply to 
measure distortion and generate time fre-
quency plots. Setting up for the distortion 
measurement consisted of mounting the 
woofer rigidly in free air, and setting the 
SPL to 94 dB at 1 m (1.16 V) using a pink 
noise stimulus. (Two of SoundCheck’s 
utilities are a software generator and SPL 
meter.) The distortion was measured with 
the SCM microphone placed 10 cm from 
the dust cap. This produced the distortion 

curves shown in Figure 28. 
 For the last test on the Scan 15M, I used the SoundCheck 

analyzer to get a 2.83-V/1-m impulse response for this 
driver and imported the data into Listen, Inc.’s SoundMap 
Time/Frequency software. The resulting CSD waterfall 
plot is shown in Figure 29 and the Wigner-Ville (for its 

frequency response both on- and off-axis from 300 Hz to 
40 kHz at 2.83 V/1 m using a 100-point gated sine wave 
sweep. Figure 25 shows the 15M’s on-axis response, 
resulting in a very flat rising response that is ±1.68 dB 
from 300 Hz to 4.5 kHz with a small peak just before 
the low-pass roll off. Figure 26 has the on- and off-axis 

Figure 28: Scan-Speak 15M/4624G00 SoundCheck distortion plots
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Figure 29: Scan-Speak 15M/4624G00 SoundCheck CSD Waterfall plot

 

Test Bench is an open forum for OEM driver manufacturers in 
the industry and all OEMs are invited to submit samples to Voice 
Coil for inclusion in the monthly Test Bench column. 

Driver samples can be for use in any sector of the loudspeaker 
market, including transducers for home audio, car audio, pro 
sound, multimedia, or musical instrument applications. 

OEM manufacturers are welcome to send samples of any 
woofer, mid-range, or tweeter they feel is representative of their 
work is welcome to send samples. Contact Voice Coil Editor Vance 
Dickason to discuss which drivers are being submitted. 

All samples must include any published data on the product, 
patent information, or any special information necessary to 
explain the functioning of the transducer. This should include 
details regarding the materials used to construct the transducer 
such as cone material, voice coil former material, and voice coil 
wire type. For woofers and mid-range drivers, please include the 
voice coil height, gap height, RMS power handling, and physically 
measured Mmd (complete cone assembly,  including the cone, 
surround, spider, and voice coil with 50% of the spider, surround, 
and leadwires removed).
Samples should be sent in pairs and addressed to:

Vance Dickason Consulting
333 S. State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples to Test Bench

better low-frequency performance) plot is shown in Figure 30. 
Visit the Scan-Speak website at www.scan-speak.dk for more 
information. VC

Figure 30: Scan-Speak 15M/4624G00 SoundCheck Wigner-Ville plot
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Industry Watch
By Vance Dickason

Pioneer in Musical Instruments Dies

Jim Marshall, the founder of Marshall Amplification 
and one of the pillars of the musical instrument industry, 
has died at the age of 88. Jim started his career as a Vox 
dealer with his retail “Marshall Music” store in Hanwell, 
a London, England, suburb. He started making amps 
in the basement of his store, borrowing heavily from 
the Fender amp designs of the era. However, Marshall’s 
amps added another pre-amp tube for higher gain and a 

smooth overdriven tone. He started Marshall Amplification 
in 1960, and by 1967, the amps caught on with rock music’s 
elite, including Jimi Hendrix, Jimmy Page, Jeff Beck, and 
Eric Clapton. Marshall’s tube amplifiers with Celestion 
speakers quickly became the sound that defined rock guitar. 
His fame grew over the years through the launch of several 
now legendary products such as the JTM, JMP, and JCM. 
Marshall recently started releasing a series of limited-edition 
products. Jim will be missed.

ALMA Driver Awards: 
Take Two

Voice Coil (April 2012) 
featured the recipients 
of the ALMA Driver 
Awards. Unfortunately, 
the captions got reversed 
for Peter Larsen and Alex 
Voishvillo, so here they are 
again. Sorry gentlemen!

Turbosound Ltd. Earns 
Innovation Award

A design innovation that 
delivers better sound qual-
ity to a wider concert audi-
ence has won West Sussex, 
UK-based manufacturer, 

18TBW100.

Next generation ferrite.
 

Deeper thinking.
The new 18TBW100 subwoofer from B&C clearly 
takes 18" ferrite Subwoofer performance to the 
next level. The unique 100mm, split voice coil has a 
significantly deeper winding than any of our current 
ceramic woofers. This provides more output, improved 
linearity, superior Xmax, better long term reliability and a 
higher continuous power rating.
 
The 18TBW100. Extreme performance, excellent value.
 
Tradition. Dedication. Knowledge.

B&C SPEAKERS spa

via Poggiomoro 1, località Vallina
I-50012 Bagno a Ripoli (Firenze)  
tel. +39 055 65721
fax +39 055 6572312  
mail@bcspeakers.com

www.bcspeakers.com made in Italy

Jim Marshall pictured among his amplifiers

Alex Voishvillo

Peter Larsen
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Turbosound Ltd., a 2012 Queen’s Award for Innovation. 
This is the third Queen’s Award the company has earned 
in its 30-year history of creating high-performance tour-
ing loudspeaker products. The company also won 1987 
and 1997 Export Achievement Awards, which were 
granted in recognition of exceptional consecutive years 
of export growth. The company has recently launched 
a new flagship sound system using this new technology 
for concert tours and at music festivals. The system is 
named Flashline in recognition of an earlier product used 
for Pink Floyd’s landmark Division Bell world tour, and 
it earned the company its second Queen’s Award. The 
system combines the Polyhorn and Dendritic waveguides 
in a multi-drive unit loudspeaker system, delivering a Hi-Fi 
listening experience to audience members. 

2012 CEDIA Expo Set for September
This year, like most others, is going by fast. The 2012 

CEDIA Expo will be held this year from September 5–8, 
at the Indianapolis Convention Center, Indianapolis, 
IN. Registration opened May 30. This year’s show brings 
back the popular Future Technology Pavilion, featuring, 
among other new technologies, near field communica-
tion. For more information, visit the CEDIA Expo web-
site at www.cedia.net/expo.

SEAS USA Closes Its Offices
SEAS USA announced that longtime representative 

for SEAS, John Stone, resigned his position as manager 
of SEAS USA as of June 1, 2012, and turned over the 
day-to-day administration of U.S. and Canadian sales 
operations directly to SEAS headquarters in Norway. 
With the closing of the SEAS USA sales office, SEAS 
USA will also discontinue its U.S. post office box, the 
SEAS USA phone number, the mailing address in Lake 
Forest, IL, and the post office box in Lake Bluff used for 
direct deposit of payments for customer invoices. After 
June 1, the main contact person for all U.S. and Canadian 
accounts became Olav Arntzen. He can be contacted at 
olav@seas.no. To make this transition as convenient as 
possible for SEAS customers, the company asks that you 
direct all communications to Olav, including product 
orders, technical issues, sample requests, and so forth. He 
will forward these inquiries to the appropriate person(s) 
at SEAS. He can be reached by phone at (011) 47 94 00 
28 10. There is a six-hour time difference for calls from 
the East Coast and a nine-hour difference from the West 
Coast. For this reason, the company suggests you use 
e-mail as the primary means of contact.  

On a personal note, John would like to everyone for the 
support and kindness shown to him and to SEAS over 
the past 18 years. While John will be stepping away from 
the daily activities, he plans to remain actively involved 
with SEAS on a more informal level. John might still be 
found at  various shows like CEA and RMAF, and on the 
occasional customer visit, accompanying Olav and other 
SEAS personnel. If there are any questions or comments, 
contact John by e-mail at john.stone@seas.no. For more 
information, visit the SEAS website at www.seas.no.

IKEA Teams Up with TCL
As if there weren’t enough competitors in the loudspeaker 

market place, Swedish furniture retailer IKEA has teamed 
up with TCL—one of China’s largest TV manufacturers 
(the company also manufactures speaker systems and Blu-
ray players)—to develop and manufacture its new living 
room concept of complete TV solutions, including TV, 
sound, and furniture. IKEA began offering an integrated 
A/V electronics/furniture system line, called Uppleva, in 
five European cities in June. IKEA will offer it in seven 
European countries this autumn and in its remaining 
markets in the summer of 2013.

GGEC Joins WiSA’s Advisory Board
The Wireless Speaker and Audio (WiSA) Association 

has announced a new advisory board member, Guoguang 
Electric Co., Ltd. (GGEC), the vertically integrated audio 
and speaker design and manufacturing company head-
quartered in China. GGEC joins fellow advisory board 
members Aperion Audio, DEI Holdings, Inc. (parent 
company to Polk Audio and Definitive Technology), 
Hansong Electronics Co., Klipsch Group, Inc., Meiloon 
Industrial Co., Pioneer Corp., SHARP Corp., Silicon 
Image, and Summit Semiconductor to promote and 
deliver products that offer interference-free, wireless 
surround-sound audio and to provide guidance on future 
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technology specifications.
The WiSA Association was founded to advance the 

adoption of wirelessly transmitted high-definition (HD) 
surround-sound audio in the home theater environ-
ment by establishing the industry’s first interoperabil-
ity specification and compliance testing programs for 
manufacturers of high-performance wireless speakers, 
DTVs, Blu-ray disc players, and other consumer elec-
tronics (CE) devices. Consumers will be able to outfit 
their home entertainment system with WiSA-compliant 
speakers and components from any participating vendor 
with the assurance that the devices will interoperate with 
each other and provide the highest standard in HD wire-
less surround sound audio.

The WiSA Association advisory board is currently 
reviewing the compliance test specifications and plans 
to deliver a 1.0 version in the third quarter of 2012. 
Vendors who receive WiSA compliance will have the 
advantage of being first to market with an interference-
free, HD wireless surround sound audio system, sig-
naling to consumers that their products are reliable, 
flexible, and interoperate with other WiSA-compliant 
components and CE devices.

Opportunities to participate in the WiSA Association 
exist for members and associate members. Companies 
and organizations interested in joining the group are 
welcome to contact the Association. The application to 
join and information about membership fees is available 
at www.wisaassociation.org.

Harman Upgrades A/V Demonstration Facility 
Harman’s luxury audio group upgraded its A/V dem-

onstration facility in Northridge, CA—where Harman 
also operates its speaker engineering, testing, and lis-
tening laboratories. The Eargle Theater demonstration 
facility, named after JBL audio engineer John M. Eargle, 
features a high-end JBL Synthesis Everest multichannel 
home-theater system based around JBL’s Project Everest 
DD66000 speakers. The new demo facility will be a 
resource for dealers, systems integrators, other industry 
professionals, and employees who want to hear and see 
what today’s best audio/video components can deliver, 
according to the company.

The demo facility’s speakers include: three Project 
Everest DD66000 speakers (left, center, and right), six 
S4Ai surround speakers, and four S1S-EX 18" THX 
Ultra2 subwoofers. The electronics include a Mark 
Levinson No.502 media console/surround processor 
and seven bridged JBL Synthesis S820 (1 × 800 W) 
amplifiers for the left, center and right speakers and 
subwoofers. A JBL Synthesis 7 × 160-W amp powers 
the S4Ai surround speakers. A JBL Synthesis SDEC-
4500 equalizer features 256 bands of adjustable para-
metric 24-bit/96-kHz digital EQ and up to 12 input 
and 20 output channels.

Video is handled by a Lumagen Radiance XE-3-D 
video processor, Digital Projection International Titan 
3-D three-chip DLP projector, and a Screen Research 

Yung International Inc. is now shipping their superbly engineered 
subwoofer plate amplifier line. Capable of operating at 100% power 
output for an 8-hour period, these new low profile designs deliver 
audiophile performance—even when subjected to the strenuous 
demands found in commercial environments.

Yung International Inc. has supplied components for over 
twenty five years and is the preferred choice of leading 
loudspeaker brands worldwide.  
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North American Distributor: European Distributor:

Now Available and in Stock!

parts-express.com/yung
monacor.de
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wireless and broadband subscription growth at 15%.

Consumer Confidence in Technology Improves
Consumer confidence in technology improved in 

March, reaching its highest point so far in 2012, accord-
ing to the latest Consumer Electronics Association 
(CEA) Index. Consumer confidence in the overall 
economy dropped slightly in March. 

Consumer confidence in technology reached 88.9 
points, its highest level since setting an all-time high 
of 93.6 points in December 2011. The CEA Index of 
Consumer Technology Expectations (ICTE)—which 
measures consumer expectations about technology 
spending—is up more than three points from February 
and is more than 10 points higher than this time 
last year. Consumer confidence in the overall econ-
omy dropped slightly in March. The CEA Index of 
Consumer Expectations (ICE) fell a percentage point 
to 173.6. ICE, which measures consumer expectations 
about the broader economy, is up more than 12 points 
from this time last year. The CEA Indexes comprise the 
ICE and ICTE, both of which are updated on a monthly 
basis through consumer surveys. 

New data is released on the fourth Tuesday of each 
month. The CEA has been tracking index data since 
January 2007. To find current and past indexes, 
charts, methodology, and future release dates log on to 
CEAindexes.org. VC

parts-express.com/vcm

Marshall Kay and Don Keele of Audio Artistry, in collaboration 
with Parts Express and Dayton Audio, created the CBT36—the 
world's first broadband constant directivity loudspeaker system 
for the home. This brilliantly conceived and executed curved 
line array features the Dayton Audio ND Series woofers:

- Low distortion Neo-Balanced motor structure 
- Full range frequency response
- Large excursion capability 
- Rubber-edged aluminum alloy cone
- Underhung voice coil with polyimide former 
- High power handling

Great designs deserve great parts

For more information about the CBT36 speaker project 
or the Dayton Audio ND Series woofers visit:

Distributed By:

Tel: 800.338.0531
725 Pleasant Valley Dr.
Springboro, OH 45066

180" X-Mask screen. Integrated A/V control is provided 
by a Savant automation system. The room design, seating, 
and acoustical treatment are by Acoustic Innovations.

Best Buy Reports Fourth Quarter Loss
Best Buy reported a $1.7 billion loss in its fiscal fourth 

quarter due to $2.6 billion in one-time charges. The 
charges were related to last year’s buyout of its mobile 
business profit share agreement from European partner 
Carphone Warehouse and the closure of its big-box 
stores in Great Britain. The company is also taking 
what CEO Brian Dunn described as “major actions” to 
cut $800 million in costs over the next three years and 
improve its operating performance.

Total revenue for the three months, ended March 
3, 2012 was $16.6 billion, an increase of 3%, while 
computer store sales declined 2.4%. In the U.S., total 
revenue rose 4.2% year over year to $12.6 billion, and 
comp store sales slipped 2.2%. Online sales increased 
2% during the quarter, which included the critical holi-
day sales month of December. For the full fiscal year, the 
company lost $1.2 billion, while total revenue rose 1.9% 
to $50.7 billion and computer store sales slipped 1.7%.

Looking ahead to the current fiscal year, Best Buy 
expects total company revenue to remain flat at $50 
billion to $51 billion, reflecting comp declines of 2% to 
4%. In the U.S., it is forecasting e-commerce growth 
of 15% and growth in services of 10%. It is targeting 
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compact arrays are big
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of high performance,
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