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1. ABSTRACT

Conventional methods lor calculating the beamwldth and 0 ol devices and systems appear questionable
and Incomplete when looking at measured polar data. Calculated beamidth depends on the chosen
method cl normalizing the polar data and on a ludgmem cl what response anomalies should be allowed
Inside and outside the area oi coverage. 0 Is commonly relerenced to a single measuremem position on
axis and It is theretore dependent upon device coverage angle. This obscures it's uselulness as an indicator
oi the amount at excess and sometimes problematic sound radiated outside the Intended coverage area.

Width oi coverage. smoothness ol response within the coverage angle. and amount at excess energy
outside the coverage angle are all Important to the sound quality and lo the suitability at a loudspeaker for
a particular application. A betterway ls needed to objectively evaluate and compare the coverage oi devices
and systems which overcomes these limitations. Proposed methods will be discussed.

2. iNTRODUCTl'ON

Engineers at EAW and other loudspeaker companies strive to design ideal loudspeaker systems. For
directlvlty, what does this mean? Usually there is a requirement that the system provide even coverage
over some listening area. it is equally Important in many cases that very little sound is radiated to areas
outside that listening area. OI course all of this needs to be achieved over aswide a lrequency range as
possmta.

thIn the listening area. there should be no favored direction. All at the audience should get the same
good quality sound. The trequency response oi the loudspeaker should be the same at all angles within the
coverage angle. Outside oi the coverage angle. Ideally there should be no sound radiated from the speaker.
This helps to keep strong reflections trom entering the listening area and degrading the sound quality with
delayed sound and combiilter effects. Sound radiated outside of the coverage angle Is also wasted power.

if multiple speakers are used in an array, seamless coverage is required overthe area covered by all at the
loudspeakers. Somehow the Individual speaker outputs must combine constructiver to avoid tubing and
lnterterence clients This could be achieved by a llctltious loudspeaker which had ital response over some
coverage angle and then suddenly dropped to no output outsidethat area. This speaker could be splayed
next to another at just the right angle to get seamless coverage between them.

Seamless coverage could also be achieved it the output oi a speaker at the edge at it's coverage area was
exactly 6 dB down trom it's nominal level. The 2 neighboring speakers would then sum to provide seamless
response between them. The roll oft oi response with angle would have to be such that pertect summing
was achieved at all angles where the output at more than 1 speaker was contfibu‘tlng.

Unionunately real loudspeakers tall short of these goals. So how dowe bestludge and compare the quality
ot coverage oi real devices and systems Ior their intended application?
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3. BEAMWIDTH OR COVERAGEANGLE:

Davis has detined coverage angle as loilows: “The coverage angle assigned to a given plane ct radiation
Is that angle lormed by the -6 dB points (reterred lo the on-axis reading)and the source center.” For ideal
or well behaved systems the calculation is straightlonivard. One such device is shown in llgure 1. It is a
polar plot at a circular waveguide at the 3.15 kHl 1/3 octave.

But what it the loudspeaker has a response that tells with increasing angle to less than ~6 dB and then rises
above that level before ultimately talllng on again? Using the definition oi coverage angle above, the side
lobes would be allowed outside the coverage angle. It this system was then chosen tor an application
based on it‘s beamwldth curve. the results might be troublesome. It It were to be used near a boundary. the
retlectlons trcm that boundary could seriously and unexpectedly degrade the sound quality. It it were to be
used In an array. Ioblng and interlerence would caused by the overlap oi several devices. Figure 2 is a
vertical polar plot ot a popular small club PA speaker (4-speaker array) at the 2.5 kHz 1/3 octave which
exhibits this problem.

Another problem arises with a system that has an on axis dip at some lrequency or one whose highest
output does not occur on axis. This is common in some "constant directlvity’ homs at some irequencies. ln
tlgure 3 we can see this problem in a 60 degree horn at 8 kHz. Finding the coverage angle relerred to the
on axis SPL gives a misleading result in this case. The calculated coverage angle will be wider than the
this coverage angle ol the device.

Considering a goal of even coverage overthe Intended listening area. minimal output beyond that area.
and good arrayabllity. what Is the best approach?

it a speclllcatlon calls tor a loudspeaker with a certain coverage angle. this is usually because output
beyond that angle Is a problem. Either strong boundary reflections or Interterence with another loudspeaker
will result lrom a speaker with too wide a coverage angle. Theretore. strong sldelobes cannot be tolerated.
Tc correctly calculate coverage angle In this case. one must tind the angle where the output tails to less
than -6 dB torthe last time relative to the 'relerence level”. Intigure 4 we see the difierence in the calculated
beernwidth at 2.5 kHz tor the same speaker we saw in llgure 2. Figure 5 shows the beamwldth curves tor
this device calculated tor the llrst -6dB drop and the last -6 dB drop. The ditlerence ls signilicant.

With a response dip of greater than e da allowed within the coverage angle, the response wlthln the
coverage area is now less than Ideal. It Is probably better to allow a dip at some angle within the listening
area than to allow excessive output outside the coverage angle which might compromise output within the
coverage angle over a wide area.

The calculated coverage angle will then still be dependent upon the method oi normalization or the chosen
rslersnce level. A step in correcting the error item the on axis dip problem would be to find the angle ol
maximum output and use the level at that angle as the relerence. Figure 6 shows our 60 degree hem ate
kHz. normalized at the angle o1 maximum output. The beamwidth curves tor this device using normaliza-
tion at 0 degrees and at maximum output are compared In tigure 7. The coverage angle ls then the included
angle outside at which the loudspeaker output Is never greater than 3 dB less than the maximum level.

This Improves the result, but choosing the maximum level as the reterence Is somewhat arbitrary. We are
looking tor the -6 dB angle with respect to the level overthe area ol coverage. not with respect to the level
at any specllic point. .

Oi course. nonnallzingpolar responses is the same as applying an equalization curve to the loudspeaker.
To examine the true coverage angle ot the loudspeaker as a tunctlon ot trequenq, the proper E0 curve
must be applied. It is Important to note that when dealing with polar data In three dimensions the same
normalization or £0 must beapplied to the vertical and horizontal polars and all angles In between.
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The smoothest possme response overthe listening area will be achieved when the system powarresponso
over that listening area is smoothed. To apply this 60 curve, we nonnallze each trequency polar to 0 as
total power over the coverage angle. Then we can llnd the - GdB angles relative to that level.

This presents a problem since we cannot calculate power response over a coverage angle that we have
not yet determined We use an Iterative solution. it we lirst normalize at the angle oi maximum output. we
can caiwiate a starting coverage angle. Then we can normalize to the power within that angle and go back
and recalculate coverage angle. This can be repeated until the error is negligible. Figures 6. 9 8 10 are
polar plots tor our 3 previous examples normalized this way. In tigure 11 we see the dttterence in the
calculated beamwldth when nonnallzed at max omput and tor 0 on power In the coverage angle. The wider
beamwldth result when nonnailzlng tor power ls typical. since most loudspeakers are loudest directly on
axis.

Since we are now allowing response dips oi greater than 6 dB within the coverage angle it would be useiul
to know how consistentthe response is within that angle. Asuitable iigure oi merit might be to calculate the
RMS error over the coverage angle and generate a response plot as a iunctlcn oi lrequency. The error
curves alter normalizing tor 0 dB power are compared in figure 12 tor our 3 examples.

4. DIRECTIVITY FACTOR OR 0:

Once we have successfully computed the coverage angle at a device and determined how smooth it‘s
output to within that angle. we would still like to deterrnlne how much excess sound is radiated outside thatangle. One Indication or this Is directlvny rector,

The NewAudia Cyclopedia states. 'The directlvitylactor (O) or a transducer used tor sound emission is the
ratio or soundpressure squared. at some lixed distance and specified direction. to the mean sound pressuresquared at the same distance averaged over all directions trorn the transducer."

When measuring reel loudspeakers. this definition can give mlsieatfing results. Unless the output ls maximumat the center axis oi the main direction at the loudspeaker. the calculated 0 will not be correct. As wediscussed when calculating coverage angle. we run Into problems it an on axis dip exists. We could try tocorrect this problem by averaging a law measurement points about the main axis. but depending on the
width and depth at the response dip we may or may not improve the result. In ligure 13 we see the calculated
0 tor our horn at 5 kHz with the on axis dip. compared to the result with the dip removed. Figure 14
compares the 0 curves tor the 2 cases.

There Is no reason to lever one measurement point in the center oi the direction oi primary radiation. We
want to know how good a Job the loudspeaker ls doing oi providing even coverage over some speciiiedangle. and as little output as possible outside that area. To compare the ettectiveness ol one loudSpeakerover another in this regard. we should calculate how much sound is radiated in the coverage area comparedto how much appears outside this area. It would be additionally useful It the result were independent oicoverage angle. A given numberthen would Indicate the same “sharpness ol rollott' outside the coverageangle tor any device.

We could start by modiiying the detlnltion ol 0 to be “the ratio or the mean sound pressure squared averagedover the coverage angle. at some ilxed distance and specified direction. to the mean sound pressuresquared at the same distance averaged over all directions train the transducer.‘ This gives us a betterindication oi the directivity oi the loudspeaker and solves the on axis null problem. Figures 15. 16 a 17show 0 as a lunctlon oi trequency compared to our new '0' which we might call 0(beam) tor our threeexamples.
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But the result is still dependent on coverage angle. To remedy this. we could compare the result to that 0!
an ideal device. II we divide calculated Olbearn) by ideal and multlpty by 100% we will have the desired
result. Davis has suggested this as a Ioudspeakeriigure oi merit but using the conventional detinllion ol 0.

To do this we need to define what anideal device Is. For our purpose. it could be delined as a device having
perfectly flat response in the coverage angle. and no output beyond that so as to combine properly withan
adjacent device. Figures 18 shows the results lorour three examples.

5. CONCLUSION

The use at convenlional definitions ol directivity lactor and coverage angle can result In errors in O and
beamwidlh caloulatlons tor devices that are non-ideal, Ii we consider our goals to be consistent response
everywhere within the coverage angle. and no output beyond that area. we can redellne our ligures oi
merit lo avoid theseerrors and more correctly represent the coverage angle and dlrectbnality oi the
loudspeaker. Additional figures at merit can then be used to Judge the quality 01 coverage wllhln the coverage
angle. and to compare the amounts at excess sound radiated outside the coverage angle lor devices of
dinen‘ng beamwidths.
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FIGURE 2
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FIGURE 6
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FIGURE 8

264 Proc.l.0.A. Vol 16 Put-1 “994)



 

Proceedings of the Institute of Acoustics

     

300° 60"

270° 90°

240° 120°

210° 150°

180°

FIGURE 9

Proc.l.O.A. Vol 15 Part 4 (1994) 265  



 

Proceedings of the Institute of Acoustics

  
FIGURE 10
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