CAMPBELL'S CORNER - BY DICK CAMPBELL
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This is a fun article. It brings back memories of a
presentation 15 year ago to the Acoustical Society, titled
“On the Presentation of Large Amounts of Room Acous-
tic Data”, [1] where I showed displays that are visually
comprehensive and revealing.

Luckily, I had two enthusiastic students who were
interested in acoustics and needed a project. I also had a
507-seat fan-shaped auditorium (in my home town) that
needed some attention. This auditorium worked well for
speech, but was a disaster for music, which was becom-
ing a more frequent use. The students mapped out a plan
of spatial data acquisition and took the MLSSA data in
one day in the unoccupied auditorium.

The problem of presenting these data in a meaning-
ful way became apparent just holding onto the pile of
MLSSA printouts for room acoustic parameters. The
students turned in a good report, if you like being bur-
ied in numbers, and got credit for their efforts. But the
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“meaningful display” issue continued to bother me.

I used the engineering plotting program, Axum [2],
quite a bit. I thought first of a simple contour map of re-
verberation time (T60). Then I realized that Axum could
do 3D contour maps and further that the contour map it-
self could be elevated above the plotting “ground”. This
resulted in a “cloud” floating in space but at a calibrated
height. Then I thought that the contour map of T60 at
different octaves could be represented all at once by
simply changing color. Also, since the average T60 for
different octaves is apt to be different, the clouds would
float at different heights and be easily distinguished.

After entering the grid X-Y position and the corre-
sponding T60 data, I created Fig. 1. I call these “Re-
verberation Clouds”. Note the T60 scale is 1 to 2 sec-
onds, therefore the 4000 Hz cloud is slightly below the
‘ground’ plane. Note that any figure that says ‘house
system’ means the excitation was from a single bi-radial
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‘test system’ means a dodecahe-
dron on the stage.
It’s time to clarify the geome-
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try of this space. This auditorium,
Fig. 2, is a box, 60ft square, 16ft
high, with the stage at one corner
and raked seating. The audience
floor is thin-shell reinforced con-
crete with carpeting in the aisles.
The elevated stage is also thin-
shell carpeted concrete. The stage
box is a shallow rectangle. The
plan view, Fig. 2 identifies the lo-

Figure 1. The underside of a
cloud, if visible, appears in a dif-
ferent color. At 2000 Hz, for ex-
ample, the yellow under surface
turns red. At 250 Hz the under
surface turns violet.
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Figure 2. Plan view of the test auditorium -- essentially
a 60 foot-per-side box with the stage jutting out of one
corner. The floor is raked about 2.5 ft to the rear cross
aisle.

cation of the test microphone by row, seat number.

Referring to Fig. 1, notice that the T60 at 250Hz
droops toward the side walls. After seeing this, I went
back to the hall, and banged on the sidewalls with my
fist: b-o-i-n-g at some low frequency. A drum head.
Plenty of low frequency absorption could explain this
behavior. Notice that this particular plotting program
changes the color of the cloud when you are looking
‘up’ at the underside. You can see this effect in all except
1000Hz (green) and 4000Hz (red).

Next I thought about STI. I remembered Smith
charts and how they combined matrix data, so I tried
a few things and finally used a circular plot where the
MTF value was plotted against each envelope frequency
with a different color for each octave band. Voila! An
“STI flower” (or MTF flower) as seen in Fig. 3 for seat
E12. Each radial division is 0.2 MTF and half the circle
is one system. That means the other half circle can be
used to compare another system. It’s clear from Fig.4
that seat JO1 has lower STI.

The ideal STI Flower is when the plotted lines lay
at the diameter of the circle, e.g. MTF=1 everywhere in
the matrix. As the flower closes in and gets ‘choked’ we
have a problem. Even an architect might understand that
one! Of course, it is necessary to discriminate the octave
bands by trace color.

Next, I experimented with “Intelligibility Bars”. I set
the ground plane in the center of the box, and grew STI
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bars above, and 100-%Alcons bars below, this plane. In
Fig. 5, I show two locations in different bar colors. In
each case, the longer the bars the better the intelligibil-
ity.

Finally, I constructed “Clarity Strings” where strings
are stretched between box top and box bottom and col-
ored arrows are hung on the strings based upon C50
data, from -6dB to +6dB. C50 is closely connected with
speech intelligibility [3].

Such 3D images can be oriented at different view
angles, and if the graphics program can export in OGL
(Open Graphics Language) then these view manipula-
tions can be done with a mouse. Obviously, many vari-
ations are possible, and my simple figures can be im-
proved.
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Figure 3. At seat E12 there is high MTF at the critical
speech frequencies.
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Figure 4. At seat JO1 the MFT collapses inward indi-
cating lower intelligibility than seat E12.
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Figure 5. In all cases, the longer the bar, the better the
intelligiblilty. Note that in some seats, %Alcons shows
different performance than STI due to the %Alcons al-
gorithm being an incomplete picture compared to whole
speech band calculations.

Back to 1992: the meeting room was poorly venti-
lated and standing room only. I was astonished to see
many of the leading architectural acousticians of the day
sitting there waiting to hear what I had to say. I guess
everyone wrestles with graphics that attempt to tell a
complicated story to the unwashed.

All it takes is a little imagination and a modicum
of knowledge about how we see things. No need to be

Figure 6. Look at any one string and observe the two ar-
rows of the same color. The one pointing up is the house
system, the one pointing down is the test system. The
yellow plane cutting through the box is C50=0dB.

scared of presenting a large room acoustic data set. dc
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Some Steven Wright Thoughts for the Day...

1. A day without sunshine is like night.
2. On the other hand, you have different fingers.

3. 42.7 percent of all statistics are made up on the spot.
4. 99 percent of lawyers give the rest a bad name.

5. Remember, half the people you know are below
average.

6. He who laughs last, thinks slowest.
7. Depression is merely anger without enthusiasm.

8. The early bird may get the worm, but the second
mouse gets the cheese in the trap.

9. Support bacteria. They're the only culture some
people have.

10. A clear conscience is usually the sign of a bad
memory.

11. Change is inevitable, except from vending
machines.

12. If you think nobody cares, try missing a couple of
payments.

13. How many of you believe in psycho-kinesis? Raise
my hand.

14. OK, so what's the speed of dark?

15. When everything is coming your way, you're in the
wrong lane.

16. Hard work pays off in the future. Laziness pays off
now.

17. How much deeper would the ocean be without
sponges?

18. Eagles may soar, but weasels don't get sucked into
jet engines.

19. What happens if you get scared half to death,
twice?

20. Just remember -- if the world didn't suck, we would
all fall off.

21. Light travels faster than sound. That's why some
people appear bright until you hear them speak.

from Brad Nelson
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