
Subject: To measure or not to measure (and what good is it anyway?)
Posted by Wayne Parham on Fri, 03 Dec 2004 06:30:14 GMT
View Forum Message <> Reply to Message

Any good engineer or scientist will tell you that the proof of any concept requires measurements. 
Measurements provide verification.  Without validation of a concept, it is just a hypothesis.But
where does that leave the DIY builder?  If building loudspeakers, can good results be obtained
without the ability to perform measurements?  Are their properties so complex that one is
completely blind without measurements?  If on a budget, which ones measured data is most
important?  What kinds of tests can be done reliably?These are some of the things I've pondered
over the years.  When I first built loudspeakers, I had an oscilloscope, meters, good microphones,
an accurate signal generator and an SPL meter.  Having good microphones and an oscilloscope
and signal generator put me ahead of the game, with more visibility than 99% of the hobbyists that
might undertake building their own loudspeakers at that time.  But I still wouldn't have wanted to
publish response graphs made by plotting individual data points.  It is too coarse, and doesn't give
an accurate picture.Now days, a guy can use the same PC he uses to play video games and
check E-mails and have a pretty good measurement system.  That wasn't so just a few years ago,
and it was difficult to obtain measurements that were worth doing.  But several measurement
system programs have been written that work pretty well.  Using a PC and its built-in sound card,
you can connect a $10.00 microphone and actually perform some pretty good measurements.But
how good are they?  The answer, in my opinion, is that they are very good for helping a hobbyist
find response between 500Hz and 5kHz, where crossover points are likely to be.  That in itself is
worth the admission price, because it makes good design work much easier.  But I would still be
leery of using them for exchanging with others to make overall performance comparisons.  There
are too many places for indefinites and ambiguity to creep in.Hobbyist measurements performed
on homebrew test equipment are useful, but probably should be limited to fine-tuning and not for
critical comparisons and performace evaluations, in my opinion.  At least one should be careful to
realize what they are looking at when interpreting data like this.  Understand that what is
measured by one person with his test setup may be wholly different than what another person
finds, even if they are testing the exact same loudspeakers on the very same sound system.  So
comparisons should only be made if the conditions of the test can be controlled, or measurement
data should be taken with a grain of salt.I've made comments like this before, and some have
characterized me as a person that doesn't like measurements.  Nothing could be further from the
truth.  The problem is that I don't like ambiguous measurements.Set the clock back to a time
before PC's.  This is when the only measurement systems were pretty expensive.  A DIY audio
hobbyist couldn't make measurements reliably, so he had to depend on shops that could.  But he
could pretty well trust reactive circuit formulas, so he could expect to understand the crossover. 
He could use Thiele/Small data and model a sealed or ported box with reasonable certainty. 
Electro-mechanical measurements aren't nearly so hard to obtain on a budget.  So these are
things that were reasonable to do.  Using the data that was available, one could get an accurate
picture of some features, and use mathematical models to determine the rest.Using limited
measurement equipment, one probably couldn't see the fine-grain features of response that would
illustrate anomalies due to crossover interaction.  Maybe a lucky hit on a certain frequency might
show a null, but there was much more a chance they would be missed.  Even if you've done the
math and know what to look for, the tolerances involved would make it difficult to hit the
frequencies of interest within less than about 10% accuracy.  The tolerance of the parts and the
system involved prevents it.  So the best thing, in my opinion, was to use mathematical models to
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determine crossover and physical placements that would work best.Now fast-forward to today,
when measurement software is available to everyone.  A motivated person can setup a
measurement system and generate useful data with practically no investment.  It is still difficult to
measure some things, but it's worlds easier than it was before.  An example of something that I
don't expect to measure is the response of a basshorn in eighth-space, decoupled from the room
its placed in.  The two conditions are tied together.  So this is an example of something I still find
some merit in comparing models as opposed to measurements, to prevent two people from
comparing their rooms more than comparing their speakers.  But as for checking response
through the crossover region, it's much easier to measure than to model these days.  You can do
the math to know what to expect, and depend on measurements to confirm or disprove your
models, making changes if necessary.There are still problems to avoid though.  This is probably
what was most important for me to say, and why I took the time to write this here.Testing is a
science all by itself.  Engineers certainly need to perform tests to validate and confirm predictions,
and scientists perform tests to see if they're on the right track.  But it is important to realize that
testing is a pretty sophisticated thing all by itself.  Doing a test right makes all the difference.As an
engineer, I think test results are extremely helpful.  An example is putting a part that will be
subjected to physical stress in a hydraulic press to see how much it deflects.  Another example
would be to check airflow through an orifice or current flow through an electronic component at
specific voltages and frequencies.  These kinds of tests are just part and parcel of the design
process.Where complications arise is when a system is to be tested for overall performance
evaluation.  Here again, there are some places where performance testing is appropriate and
unambiguous.  I might time an automobile through the traps or check its gas mileage.  Or I might
test the speed of a computer doing a particular set of instructions.  That can give me a good feel
for the design, and can assure me that the design goals have been met.  But after the design is
completed and it comes to the point where a battery of "signoff" tests be done, this is where I think
the engineer or scientist must hand off to an unbiased test group.  The engineer is too close to his
work and a true evaluation really cannot be performed by the designer or design team.  It should
be done by an impartial and qualified testing person or organization.If an impartial test can't be
done, as is often the case with small shops and individuals, then other measures might be
considered.  It might be cost prohibitive to send out products to an independent testing facility, for
example.  But the problem still remains:  How reliable is a comparative performance evaluation
when the test is performed by someone who is affected by the test outcome?  Should it be done
by an engineer or design group that wants their project to be successful?  Should it be done by a
competitor?  Even if everyone is objective and ethical, you can see how there is a problem here,
or at least the potential for one.Hobbyists are sometimes just as emotionally tied to their favorite
equipment as designers are, sometimes even more so.  They are certainly not immune to bias. 
And another complication presents itself, which is their varied abilities.  Some hobbyists are
technically inclined, but others are not.Even though loudspeakers are very simple, acoustics
testing requires many variables be considered.  It's a little like the weather, in that it's a simple
subject but it isn't easy to nail down.  Engineers and scientists have a hard time dealing with some
of the issues because they can be difficult to solve.  Things like boundary reinforcement and
reflections can make certain kinds of tests impossible or at least somewhat ambiguous.  And
emotional attachment can blind even the most objective people and tempt them to see what they
want to see instead of what is.Now add to this the fact that some hobbyists obtain tools to perform
acoustic tests with their PCs, but may be entirely unqualified to do them.  This adds a whole new
layer of ambiguity to the picture.  In one sense, it is very good that these affordable measurement
systems are available to hobbyists, but on the other hand, it makes it possible to put a credible
face on an entirely bogus dataset.I've seen more than one occasion where wholly false data was
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presented in a pretty format and was more believable to laymen than better, more accurate data
presented in raw form, which is less impressive looking.  It isn't always a case where data is
falsified on purpose, although that is sometimes the case.  Sometimes it is just wishful thinking,
throwing out good datasets in favor of less accurate data that looks better.  The opposite case can
be made too, if someone has a bone to pick.  Sometimes erroneous charts are just a result of
improper setup or calibration.  But whatever the case, the point is that even a good measurement
system can provide ambiguous data if used in the wrong way.Just like a mechanic's tool can be
misused and broken, so too can a tool like an audio measurement system.  A system like this in
the hands of an amateur will make professional looking charts that lend credibility to the dataset. 
But the data is no good whatsoever if the system isn't setup right.  The environment may be
unsuitable, the hardware may not be adequate or the system may just be
misconfigured.Sophisticated test equipment in the hands of hobbyists is a two-edged sword.  Not
everyone can use the equipment properly and yet practically anyone can make a professional
looking chart.  It's easy to think that test data is accurate when it is presented to you in a
professional format, but if you don't know the conditions of the test, it really should be considered
with skepticism.So that's my problem with trusting measurements.  I guess what I'm saying is that
if testing isn't done by someone I know to be qualified, reliable and unbiased, I am skeptical.  And
even if I know and trust the person doing it, if they are too close to the subject emotionally, it may
be difficult for them to be objective.  Test results reflect conditions under test as well as devices
under test, so a person wanting to find a particular outcome may throw out important test results
that contradict the expected outcomes.  But those may be the most reliable datasets.  And when
you put this in front of amateurs, the problem becomes even more acute.If you get a group that is
already bent on finding superiority in their particular pet project, it makes it pretty difficult to
overcome this prejudice.  As an example, it's almost a foregone conclusion that Chevy guys will
like their Chevy better than a Ford, even if the Ford is a better product.  Probably best to let an
independent and unbiased testing group do the tests than a Chevy club or an engineer for
Chevrolet.  Otherwise, even if the charts and graphs look very professional and the people
involved have unimpeachable credentials, it's easy to see how they might find the Chevy as the
better car and produce data to back it up.Take it or leave it.  Certainly there are plenty of people
that can perform good tests, and that are objective enough to come up with something useful.  But
do be careful and dilligent because there are plenty of ways to screw it up.  And there are also lots
of people with emotional attachments that make it very difficult to really get to the bottom of things.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by harmony on Sat, 04 Dec 2004 19:18:08 GMT
View Forum Message <> Reply to Message

Are you saying that the average sound man or weekend warrior shouldn't bother with
measurements? Do you think there is no point for audiophiles to measure equipment in home?
Should they disregard their RT analyzers?

Subject: Re: To measure or not to measure (and what good is it anyway?)
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Posted by Wayne Parham on Sat, 04 Dec 2004 19:33:28 GMT
View Forum Message <> Reply to Message

I'm suggesting that a person be realistic.  Be dilligent, know your limitations and watch out for
these things.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Psychoacoustic on Wed, 04 Feb 2009 04:17:39 GMT
View Forum Message <> Reply to Message

Can absolute newcomers to DIY, with no experience in electronics, uneducated in acoustics-
either formally nor self-taught, get too far ahead of themselves by considering testing their DIY
speakers (bearing in mind the limitations presented in the article) or is it  the next logical step? At
this crossroads right now. Mr Parham's article assists thinking on the subject by returning to the
basics of the scientific method; experimentor bias, cross-test reliablity, does the test test what it
intends to test, replicability, etc. Does measuring the room fall under similar auspices? Can a
'layman' use (e.g.) a RS SPL meter, external soundcard and PC to gain accurate enough
information to be practically useable?Opinions seem to differ here.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Wayne Parham on Thu, 05 Feb 2009 04:28:33 GMT
View Forum Message <> Reply to Message

Excellent questions.I think good measurements are extremely helpful, truly mandatory for proper
optimizations.  Without measurements, you're really just guessing.  One can go to great lengths to
model the system mathematically, and that's a good way to estimate or approximate things.  You
can do a lot with a model.  But nothing beats accurate measurements.  Whether you're trying to
optimize a loudspeaker design or an in-room installation, good measurements are important.The
good news for the serious DIY'er is good measurement equipment is relatively cheap these days. 
A $1000 investment buys measurement equipment that's better than anything available in the
pioneering days of audio, even up to the 1970's.That said, I've seen a lot of people over the years
trying to quantify things with tools that weren't up to the job.  An improperly taken measurement,
or a measurement with inaccurate or uncalibrated equipment can give false readings.  The novice
is then armed with a false sense of security, thinking he knows things he really doesn't.  So in
some cases, a model is better than a measurement.One must know what they're looking for too. 
That sort of goes hand in hand with learning how to measure - knowing what to measure.  It's
tempting for the novice to take a new piece of test gear and measure everything in sight, posting
charts that really say nothing.  That's probably one of the most common things I see these days. 
An indoor measurement done without proper gating, for example.Generally, if you're trying to
measure a loudspeaker, you want to do it anechoically or pseudo-anechoically.  You want to know
what the speaker is doing, not the room.  So either measure it outdoors or indoors with gating to
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ignore reflections.  This requires some knowledge of boundary conditions and reflections, of
free-space, half-space (ground plane) and how to calculate time to first reflection.If you're trying to
measure a room, you want an averaged measurement.  An RTA may suffice for that, but I'd prefer
having something a little more sophisticated with gating capability.  That way, you can decide to
gate or not, to average or not.  Some might measure only at the listening position but I prefer to
measure at several points, to know what is happening throughout the room, or at least at several
places in the listeneing area.  You can then develop a database of information that shows energy
distribution at all frequencies, at all positions in the room.  This can be seen in high resolution, or it
can be averaged to find overall trends.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by jazzlover on Fri, 08 Oct 2010 10:38:35 GMT
View Forum Message <> Reply to Message

HI Wayne! The essay is long and full of passion about the subject. That made me realize that as
an enthusiast, the way I (and my friends) have been measuring sound is by sensing it, by closing
our eyes and letting the sound fill us. That kind of measurement would be the way Master Yoda
would have it. But it falls short of quantifying sound.

Now, would a $1,000 investment be worth it? I'm still pondering about it 

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Wayne Parham on Fri, 08 Oct 2010 15:54:27 GMT
View Forum Message <> Reply to Message

If you plan on designing speakers and want them to be really good, a measurement system is
very important.  You can do a very good with computer models, but that will only give you ~90%
as good as it gets.  if you want to rise to a 99% solution, measurements are in order.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Adveser on Tue, 30 Nov 2010 21:49:21 GMT
View Forum Message <> Reply to Message

Wayne Parham wrote on Fri, 08 October 2010 10:54
If you plan on designing speakers and want them to be really good, a measurement system is
very important.  You can do a very good with computer models, but that will only give you ~90%
as good as it gets.  if you want to rise to a 99% solution, measurements are in order.
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Yeah.

I think too that once someone knows what good sound is like and are very familiar with it, you can
rely on your ears a lot more.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by woodfree on Fri, 10 Dec 2010 08:41:23 GMT
View Forum Message <> Reply to Message

I believe that in any activity that you do, you got to know what you're doing! Accuracy is very
important, and in order to be accurate, you have to research and find truthful knowledge so you
can make informed decisions.

But I also believe the definition of what passes as "good sound" still depends on the individual. I
appreciate good sound quality from my audio equipment, but then again, I don't want to be
constantly obsessing about what's better out there, when the music I'm hearing from my current
equipment is enough to get me through the day!  

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by DJ Dave on Sat, 11 Jun 2011 19:01:17 GMT
View Forum Message <> Reply to Message

If you want something that you are custom-making for your own enjoyment - you can do whatever
you want with it.  But still, there are certain measurement guidelines you will want to stick with, to
make sure it all works in the end.

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by gofar99 on Sun, 17 Jul 2011 02:04:36 GMT
View Forum Message <> Reply to Message

Hi Everyone, I just saw this thread and thought I would add some thoughts to it.  I see two
separate concepts, one regarding testing and measurements and the other subjective quality of
the end result.  I feel both are needed.  I have seen and heard numerous pieces of gear that
measure well and sound like last Christmas's fruit cake.  I have also seen and heard stuff that
doesn't measure well and sounds fine.  In a perfect world we ought to be able to get both.  The
issue of testing and measuring is quite valid to what I like to do - design valve audio equipment.  I
fortunately have a well equipped shop with now three digital storage scopes, two signal
generators, a HP distortion analyzer and more meters than I can count.  Still the process of testing
 a piece of equipment can be problematic.  Often the results are ambiguous. Is the measured
signal to noise that of the unit under test, the generator, the AC mains, stray EMI or what?  How
do you measure things like distortion, there are no hard and fast rules?  I think in some ways I am
particularly fortunate in that numerous diyers have built some of my projects (and there are many
of the commercial kits out there as well) and I get lots of feedback on the good, and occasionally
not so good aspects.  This helps solidify the test and measurement process to validate the things
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that others want to hear.  If for example I get a negative comment on distortion in a piece of gear
when it is connected to some other piece of equipment - like a particular type of speaker on an
amplifier, I can test for that problem and if valid come up with an improved design, or at least warn
others not to do that.  Another related issue is simulation of designs.  This was mentioned in one
of the early posts.  I use some simulations in the early stages of design.  I find they are at best
only approximations of how valve gear will actually work.  There are too many inexact parameters
(tube variations between brands, and even ones of the same brand, component tolerances and
such) to accurately do a final design on paper.  This is where the art of design takes over.  Also
goes back to the measuring process.  

Sorry for being so long winded   , but the issues here are fundamental to audio performance. I like
this thread as it has potential applications to anyone in the diy community.       

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Wayne Parham on Sun, 17 Jul 2011 04:32:12 GMT
View Forum Message <> Reply to Message

It's a very important discussion, I think, because so many DIYers are interested in moving to the
next level with their projects, going past kits into mods and even onto their own creations.

The biggest problems I see are in not having the right gear and not having the baseline to
compare with, so making invalid interpretations of what they do see.

I think the modeling software available today makes hobbyists able to get really good results, but
of course, measurements trump models any day.  The problem, of course, is knowing what tools
to use (right tool for the job) and knowing how to use them (and how to interpret the results).

I guess like everything else, it takes time.  Study, study, then practice, practice, practice.  

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by gofar99 on Sun, 17 Jul 2011 22:34:56 GMT
View Forum Message <> Reply to Message

So true.  In the pursuit of enlightenment....I am always willing to assist others. It is at least half of
the reason I love diy.    I make no claim to special knowledge, skills or insight, just seem to have
cobbled together a few things that seem to work.    

Subject: Re: To measure or not to measure (and what good is it anyway?)
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Posted by Wayne Parham on Mon, 18 Jul 2011 04:00:09 GMT
View Forum Message <> Reply to Message

I'm always happy to help when I can, or to just hang out and watch a guy post his progress on
ART, sort of cheer him on.  I really love this stuff.  I'll admit my time is much less my own these
days, so I am not nearly as active as I was, say five years ago.  But I kind of have my loudspeaker
line nailed down anyway, mostly working with mature designs.

Still, when I see a guy start trying to move from blind cut-and-try to modeling to measurements of
physical models, it's gratifying.  I always love to see their progression over the years, and I've
made a lot of really good friends here along the way.  This forum tends to draw good folks.

But I've seen some of the other forums get kind of crazy.  It's pretty easy to get sideways in
acoustic measurements, because there's a lot of ways to get them wrong.  And with all the
misinformation out there, a fellow can get going down the wrong road, even with all the best tools.

Amplifier measurements seem like they'd be a little more cut and dried, but I have seen a few
amplifier measurement threads on various audio messageboards that I thought were sort of
goofball-on-crack.  One in particular was this guy obsessing about passing a "perfect square
wave" through his SET amplifier.  It had a slanted top and he just couldn't get it straight.    

The poor guy was going through all these circuit hacks and amplifier mods, and of course, lots of
people were giving their "advice" on how to get that perfect square wave to go through.  Then
finally, one small voice appeared, with a short post that went completely overlooked, saying "it's
the natural band-pass of the coupling components, particularly the output transformer."  He said
the slant was actually normal and expected.  But was this good comment taken?   No.  The thread
went on in its meandering insanity.    

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by gofar99 on Mon, 18 Jul 2011 15:47:49 GMT
View Forum Message <> Reply to Message

Hi, Oh yes.  Many moons ago, I thought that you should be able to get a clean square wave out of
any amp   .  Not so with any that have coupling caps or transformers.  A good rule of thumb that
someone passed along to me is that in order pass a clean square wave the response must be
linear at both 10 time above and 10 times below the test frequency.  It seems to hold true.  Some
SS gear ( I have one amp like this) can pass DC to 400K.  It produces nice square waves at any
audio frequency you choose... it just sounds dull and uninteresting.  Everything I cook up with the
exception of the recent phono preamp can do nice squares from about 100HZ to 4K.  Below that
you will find some top slanting and above that some slight rounding or an occasional overshoot.  I
design for -3db at 5HZ and 30K so this is about what you would expect to see.  Gear like phono
preamps (not IC ones though) will have rather wild looking squares (more like triangles) because
of the method of equalization.  I have considered what would happen if you used a linear phase IC
to do the equalization in a tube based phono preamp.  Not a purist thing for sure, but might be
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nice.  

Finally, I like to measure what I can, but my ears are the final judge.  If it doesn't sound right, then
I'm not measuring the right things and need to go back to the drawing board.   

Subject: Re: To measure or not to measure (and what good is it anyway?)
Posted by Wayne Parham on Mon, 18 Jul 2011 19:16:58 GMT
View Forum Message <> Reply to Message

It's interesting, isn't it?  I depend on measurements more than I trust my ears, but yeah, I think it's
important to make the right interpretation of what you see.  A good example is that square wave
thing.  There's no need for bandwidth outside the audible range, so the 10x below and 10x above
factor is important to know when looking at the output signals.  If it passes a good square wave
from 200Hz to 2kHz, it's fine, and even better if it does like yours do - from 100Hz to 4kHz.  But to
expect an amplifier with coupling components to pass a square wave above or below that is
unrealistic.  Unimportant too.  Like you said, I've heard many terrible sounding amps that passed
DC to way up, but who cares?  That's not the only metric, or even the most important one.  Use a
sweep to get the response curve, don't look at square waves.  That's just what comes in vogue
every now and then on messageboards, silly stuff that gets meaningless chatter.
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