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QSOUND

Company History

25ound has estahlished itself as one of the world's leading audio technology companies and has developed
proprietary audio solutions that include virtual surround sound, positional audio and stereo enhancement for
the mohile devices, cansumer electronics, PCimultimedia, and Internet markets. @Sound Labs' cutting-edge
audio technaologies create tich 30 audio environments allowing consumers to enjoy sterea surround sound
from two, four and up to 7.1 speaker systems.

Inthe early 1980's, the inventars began experimenting with multiple microphones, discovering that sound
could be made to appear to come from diferent directions, similar to the way inwhich the human ear detects
sound.

After initial analysis of audio tape recordings, a series of experiments were conducted. Armed with the results
ofthis crucial early work, GSound assembled a team of scientists and audio professionals. Software tools for
sound analysis and modeling, test signal generation and statistical data analysis were custom developed in
house, exploiting the newly availahle power of purpose-designed DSP (digital signal processor) [C's and
desktop computers.

G15ound then entered into an intense research phase, modeling sound wave propagation from loudspeakers,
extrapolating promising theories far further exploration. Due to the imperfections and inefficiencies produced
by taking a legitimate hinaural model, and adapting itto speakers through additional crosstalk cancellation,
the GQZound team concentrated directly on the target enviranment: the human perception of sound lacation as
presented through stereo speakers.

Huran listeners were presented with carefully designed test signals which had been passed through the
initial pracess algarithms and delivered thraugh stereo speakers in several cantralled enviranments. The
listeners' responses were captured using a custom data entry system consisting of multiple hand-held
electronic keyvpads and a central data collectar.

Az the systerm operatars adjusted various characteristics of the test signals and process algorithms, analysis
ofthe data was performed using a combination of software and skilled human judgment. As trends emerged,
the processes were refined, retuned, retested and further refined. In all, over 550,000 listening tests were
performed, using a variety of subjects in order to produce averaged results leading to algorithms effective for
wirtually any listener.

The result was arguably the world's most natural-sounding, effective, and inherently efficient positional 30
audio algarithms for stereo speakers. This initial algorithm development became the hasis of the first
commercial applications developed by @Sound and became the foundation for whatwas to become the most
complete suite of 30 algorithms available.

Today, this patented audio technology is used to enhance awide variety of consumer electronics products,
maohile devices, PCimultimedia devices, CDs, DWDs, viden games, mavies, television programs, streaming
Internet audio, MP3s and more.



Company Objective

GSound's abjective as a company is to provide an enriched audio experience across all functionality in today's
multimedia devices such as mohile phones, consumer electronics and PCf multimedia devices and the
internet. Q5ound provides advanced audio solutions which have heen aptimized by ARM and QSound to
delivery the industry's most efficient audio solution for ARM based platforms (ARM Cores vd, w5E, w6 and
heyond).

Primary Business Model

The company's primary business maodel consists of licensing @QSC0UMND software technologies. Licensing is
hased on one or several components: Software licenses, per unit rovalties, non-recurting engineering fees
and i ar consulting fees. QSound licenses its technology to:

* Semiconductarf companents platform [ multimedia framework companies which manufacture and sell
QS0UMND enhanced chips to ariginal equipment manufacturers "OEMs")

* Saemiconductorf component ! platform § multimedia framework companies that include @S0UND as
an option for the OEM, who can then, at their choosing, license the technology directly from the
campany

« QEM's for specific products

Company Offerings

QOSOUND Portfolio of Technologies

The comparny's technological efforts concentrate an the development and ongoing enhancement of a
complete suite of proprietary technologies to cover all aspects of enhanced audio and audio synthesis
requirements in the mobile device, multimedia computer and consumer electronics industries. The QS0OUND
pottfolio can be summartized as follows:

microd for mobile devices: mQSymth™ Folvphonic Wavetable Synthesizer far ring tones and music plavback
mOFX™ Digital Effects
« OXpander® 30 stereo sound stage expansian.
* QSizzle™ dynamic high-frequency enhancement,
GRumble™ dynamic low-fregquency enhancement.
Werb™ reverheration (reflecting sound like choes).
GCompressor™ dynamic range contral.
GEqualizer™ static multi-band equalization.
GLimiter™ anti-saturation dynamic range control.
* (Loudness™ Fletcher-Munson equalization loudness curve.
ma30™ Pasitional 30 Audio Engine for interactive games GSurround® Mobile for headsets, Mohile TV, etc.
microQ for JSR234 - Java solution mohile devices

A more detailed description ofthese products can be obtained by wisiting the @5ound products page at
bt ity gsound .comifproductsioverviesy bim.

GSound products addressing the non-mobile markets such as consumer electronics and PC F multimedia
are:

OHD for T's, Stereos f Speakers, PCs, media playvers, home entertainment, ete. contains: OXpander®
earphonefspeaker 30 sound stage expansion. ASizzle™ active mid/high-frequency spectral enhancement.
GFRumble™ active low-frequency spectral enhancement. OWerb™ reverberation. QLImiter ™ anti-saturation
dynamic range contral. @Surreund 5.1 mulli-speaker surround system.

GSurroundHD for 20audio and surrounc vikwalization for speaker and headphone.

A mare detailed description ofthese products can be obtained by wisiting the @Sound products page at
hittp: ftaewenne gpzound comiroductsiioverview kim,

Target markets?
Mobile devices, consumer electronics, PCimultimedia and Internet markets.

What is unique about the OSound offerings?
AFRM Optimization
GSound Labs has done extensive wark to optimize its microQ software to achieve one ofthe most efficient
audio solutions in terms of memaory footprint and CPU performance. ARM has undertaken further
aptimizations of QSound's highly regarded and efficient software. The focus of the optimization is centered on
the care components of micro:

* mASynth™ Polyphonic Wavetahle Synthesizer

» mGFE™ Digital Effects

* mQ30™ Paositional 30 Audio Engine
The improvements achieved range from 15-35+ percent less mega cycles per second {meops) using v2.4.5 of
the micro audio engine an the ARM architectures v5E and VE.



More Choice

Since the pioneering development of the positional 30 audio process for speakers, G@Sound Labs has gone
on to create the most comprehensive suite of 30 audio processes available, with superiaor solutions for every
conceivable scenario. By offering such awide suite of audio processes we can leverage this experience to
help reduce the cost and resources required for our customers.

Better Audio Performance

All @S0und 30 audio processes are fine-tuned by skilled audio engineers for the most natural, pleasing
sound experience possible. @Sound 30 audio is characterized by superior focus and correct frequency
halance fwithout colaring the audio), waorthy of professional audio applications. QXpander, far example, is a
high-fidelity spatial processor- no maore, no less. Ax¥pander is designed to maintain the frequency content of
the original signal, and to respect the intentions of content creators by preserving the integrity of the ariginal
image infarmation, within which individual elements {instruments, voices) maintain their relative positions,
focus, and coherence.

Competing processes can tire the listener with heaw-handed filtering that serves mainly to distract from
muddy spatial perfarmance and smeared imaging. In contrast, the sound stage produced by Gxpanderis
maore natural-sounding than plain stereo, and perceptibly alleviates listener fatigue, permitting comfortable
and satisfying long-term use.

More Robust Algorithms

GSound's speaker-targeted 30 processes are much maore forgiving in the area of speakerilistener geometry
than crosstalk cancellation systems. This means a much larger effective listening area and a great deal more
flexikility in the placement ofthe speakers. Standard stereo audio gives the listen a very small "sweet spot” far
true stereo listening. @Sound offers a similar sweet spot for the best expanded audio effect but will also
enhance the listening experience for each other person in the room regardless of their position relative to the
speakers.

An additional benefit of the extensive acoustic design effort underlyving @Sound algorithms is their robustness
in bandwidth-limited situations such as mobile audio applications. Though high frequencies are limited by
low sampling rates, and compact multimedia speakers limit bass response, @Sound algorithms continue to
create excellent effects.

Higher Efficiency, Scalahility

The efficiency of @Sound's algorithms is first due to the fundamental method of their derivation. The approach
taken by competing 30 processes, i.e. the application of crosstalk cancellation to hinaural synthesis, is by
nature ineflicient. Funthermare, the efficiency of all @Sound 30 algarithms is due to a tharough understanding
ofthe relative importance of various independent factors contributing to the net result. This has made it
possible to derive a family of lower averhead versions each exhibiting the most effective possible performance
within their respective budgets.

Finally, @5ound is a customer and technology focused company whose designers have a reputation for
implementing a given algarithm by the most efficient method. Signal processing routines are written in
hand-tuned assembly code hy specialists adept at squeezing maximum value from each CPU cycle.

Flexibility and Speed of Implementation

GSound's extensive software engineering experience means that algorithms are readily available on
numeraus platforms including popular DSP's and leading personal computer CPU's. Custom ports or custom
features may be quickly provided and our custamer supportis highly acclaimed. In digital processing
efviranments an algorithmic solution generally provides the most flexible and cost-efficient solution.

Company History with ARM

How long has the company been working with ARM?
The strategic collaboration between QSound and ARM began in 2006, howewver, QSound has been delivering
itz sofhware solutions into ARM based products and environments far many years.

ARM technologies your company supports:
ARMT, ARMS (Optimized by AR M)
ARMIE, ARM1T1 (Optimized by AR}

Why have you chosen to work with ARM?

GSound estahlished a strategic collaboration with ARM because ARM is the top semiconductor IP supplierin
the warld providing low-cost, power-efficient processor designs. These designs benefit from QSound's audio
enhancement expetise of which QSound and ARM have similartechnology objectives of praviding highly
optimized and efficient architectures. Furthermaore, ARM technology has and continues shape a new era of
next-generation electronics products in growing markets including Horme, Mohile, Enterprise, Embedded and
Emerging and @5ound audio technologies have a key role o play in these markets.



The primary benefits @Sound has achieved by warking with ARM are related to engineering and marketing
initiatives. On the engineering front ARM and QSound have undertaken optimization of QSound's microo
technology for ARM bhased environments making micraQ the industry's most optimized audio solution.

Specialist area as an ARM Partner?
G5ound Lahs is ARM's audio partner of choice.

What one experience comes to mind during your initial work with ARM?

The starting point, this truly defined ARM as a companywho are the hear heat of the mobile industry, with a
true understanding of customer requirements and future needs. Bringing QSound technology to the team at
ARM instantly provided the sense that a clear opportunity was available, an a platform basis, to generate a truly
industry leading portfalio. The process was one of diligence and complete suppart.

Please site any end products that your ARM technology is being shipped with?

GSound has delivered numerous products that are based on ARM architectures given the majarity of mahile
phones and a plethora of consumer products based on ARM architectures. Products using QSound can he
seen at hittp: Mfeewewe gzound comizpotliohtiusers kim "Who's Using @Sound"

Formaore infarmation on @S5ound Lahs and the ARM Connected Community go to
ittp: fihaewesne akm comicommunity

G5ound can he found at bt itneasane gzound .com

Technology Overviews
* Java Application Overview {304KDh PDF)
* microd Technology Overview (MK PDF)
& mOFX Technology Overview {5T2Kb PDF)
* OHD Technology Overview {515Kh PDF)
* OSurround 5.1 Technology Overview {35TKDL PDF)
* G5urround Mobile Owverview (3T3IKD PDF}

* Mark Williams, Engineering Manager, OSound Labs Inc.
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Mark Williams, Engineering Manager,
QSound Labs Inc.

What is the scope of your role?

| am the Engineering Manager here at Sound Lahs. This involves managing projects {lots oftherm) and
peaple (not as manyd. | also try and keep my hand in on the programming side (my background is as a
software developer),

Synopsis of your career path?

VWell, my career path is short in reference to the number of places that | have worked at primarily due to the
number of years that | have heen warking at QSound {13 years). | started warking as a programmer at a
pan-Eurapean stat-up caompany in the ASIC sofware and design house - ES2 (| knew Robin Saxby of ARM
hefore hewas knighted). | returned to Calgary, Canada to do a Masters degree in Computer Science after
weorking at ES2 for just over two yvears. Immediately following the degree | took & "research assistant” position
in the "Human Perfarmance Lak" at the university doing a programming job - productising a CADICAM system
for scanning, manipulating and manufacturing prosthetic legs. Thaugh a worthy job, the allure of doing audio
DEP wark at @Sound appealed to me and | applied far a position. The appeal of warking at a place like
GSound is that the work is interesting and varied. So | have done eventhing from low-level DSP development
to application writing. | took the position of Engineering Manager to take on different challenges to those that |
had as a software developer.

What attracted you to working in the IT industry?
Fame and Glory? Realizing quickly that l wasn't going to get either, 1'was relieved that my expectations of a
stable job with good employment prospects lived up to expectations.

What skill in your job couldn't you do without in your role?
Logical thinking; computers are logical so in order to get along with therm itis hest to think the same way.

What is your greatest professional achievement?

Fitting a quartin a pint hottle - inthe audio world and especially inthe embedded environment the challenge is
to make the code smallerifaster ar both as graphics will always hog resources. @Sound has been successiul
in part due to its ahility to resalve these two conflicting resource goals. Lin my time here have helped achieve
the "unachievahle". Thatis very reswvarding.



What 1-2 key lessons would you pass onto a colleague or recent college university graduate about
working in your business?

1) Interesting work has mare value then hetter paid boring work. Mot that | don't get paid well, butthe appeal of
wiarking at an interesting job has kept me here for all these years.

21 Stay flexible inyour skills. This is especially true ifworking in a small company.
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