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REAL TIME ACOUSTIC MONITORING SYSTEM
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Fig. 3 Schematic of moaitoring system which could pro-
vide real time information about meteorological condi-
tions near an airport.

strated that this bending can be of very large magnitude
and can result in high concentrations of sound pressure or
complete nulls depending on the locations of the receivers.
Because of the requirement that the transmitter and receiver
must be located at just the right spot to receive the enhanced
signal this approach would appear to have limited operational
value. A better understanding of the phenomenon, however,
will certainly aid in the interpretation of data collected
by the scattering method.

A second approach, as yet untested, might be to interpret
the amplitude or phase scintillation of the received signal
as a measure of the turbulence intensity along the path of the
sound wave. It is known that the intensity of such seintilla-
tions is a function of the turbulence intensity and eddy size®:1t
and a real time analysis of this parameter could provide
information on the intensity of both the ambient background
turbulence and the turbulence when a vortex is present.
While more theoretical study and experimentation are needed
to establish the functional relationship between sound wave
scintillation and a vortex or ambient, turbulence this approach
would seem to provide exactly the type of information that
a pilot making an approach would be interested in knowing.
It would also be possible to make this type of measurement
with the same equipment used for measuring the wind profile.

With any operational monitoring system the question
of cost must certainly be considered, and it is here that acous-
tics has a decided advantage over the use of other types of
waves. Thanks to the high level of interest in providing
quality sound eqipment for the general public, many of the
components needed for an acoustic sounder have already
been developed and are being mass produced. This factor
alone reduces the over-all cost of the system to a level which
would allow the building and installation of sounders at
most major airports. This, added to the versatility of a sys-
tem which can monitor not only wake vortices but also provide
real time information on the ambient environment, makes
the acoustic sounder an attractive prospect.

To summarize, recent studies have shown that the strong
interaction of acoustic waves with the atmosphere can be
used to remotely sense a variety of details about the structure
and motions within the boundary layer. The need for more
complete information on both the ambient and man induced
structure of the environment near airports can be fulfilled
by the practical application of this relatively new monitoring
technique. Based on confirmed measurements and an exten-
sion of these ideas one can envision systems similar to that
shown in Fig. 3. Here a fixed, vertically pointing antenna,
in conjunction with two orthogonally positioned scanning
antennas eould provide a eontinual real time record of the
inversion height, the turbulent intensity, an indication
of the presence of wing tip vortices, and the vertical profile
of the total wind vector.
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Human Factors Study of Keyboards
for Cockpit Data Entry

C. A. I'enwick* anp H. M. SCHWEIGHOFER T
Collins Radio Company, Cedar Rapids, Iowa

Introduction

A\TTICIPATING the use of keyboards for cockpit data
entry, the Human Factors Group at Collins Radio Com-
pany has been collecting data on features of keyboards that
are important for air-borne applications. The general nature
of the studies and conclusions influencing control design of the
CDU (area navigation control and display unit) are discussed
below.

The standardized operator task in each study involved
entering a sequence of vhf communication frequencies taken
from sequences used in actual cross-country flights. Re-
sponse time was measured from the time a start tone sounded

Table 1 Study I error data

Proportion of Erroneous Entries

Total Undetected
Control box Cleared insert insert
Keyset (16 oz) 0.0154 0.0046 0.0013
Dual knob n/a 0.0043 0.0024
Concentric knob n/a 0.0024 0.0006

Total number of trials represented: 16,200
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and the desired frequency was presented on a 7-bar incan-
descent display until an insert key was pushed. Each trial
ended with the operator pushing a key indicating that he
thought the frequency he inserted was either a correct insert,
an error insert, or an error corrected (an error entry on the
keyset that was cleared from the local verification display and
followed by a correct frequency insert).

Study 1

The first study compared operation of a dual knob vhf con-
trol box, a dual concentrie-knob control box, and a 10-key
keyset with the same numeral arrangement as the touch-tone
telephone. Tach of nine operators entered a sequence of 90
frequencies in each control box in each of five locations (see
Fig. 1): 1) aisle stand aft (immediately aft of the throttle
quadrant), right-hand operation; 2) aisle stand forward (im-
mediately forward of the throttle quadrant), right hand; 3)
light shield, right hand; 4) control wheel hub, both right-
hand and left-hand operation. 5) outboard console, left
hand.

In each of the locations the 10-key keyset was significantly
faster than either of the knob type control boxes by 2-3 sec
at the 90th percentile. There were no significant differences
in response times among locations within any given control
box. The very small differences in response times between
left- and right-hand operation were also of no practical
significance. The error data for each control box are shown
in Table 1.

“Cleared” errors are all errors that were corrected by push-
ing the clear key and then making a new entry before pushing
insert. “Total insert”’ errors are all errors that existed at the
time the insert key was pushed, regardless of the explanation
given. ‘‘Undetected insert” errors are the subset of the total
ingert errors for which the explanation “correct insert” was
given. Thus, the undetected insert errors were considered by
the subject to be correct entries. The differences shown are
not statistically significant; however, the fact that the error
rates are so small makes it very difficult to detect significant
differences without taking an inordinate number of measure-
ments.

Study IT

The second study compared operation of the same concen-
tric knob and 10-key keyset control boxes and a thumb wheel
control box over a period of 9 days. There were nine opera-
tors for each control box. Each day each operator entered
100 vhf communication frequencies in the same control box in
the aft aisle stand location. The differences in response times
between the concentric knob control and the 10-key keyset
were very similar to the differences in the first study. The
thumb wheels were even slower than the concentric control,
as might be anticipated. The differences among the boxes
remained constant across the 9 days of operation with ap-
proximately 1 sec decrease in 90th percentile response times

for all control boxes. The error rate data from this study

have been only partially analyzed, but the results are very
similar to the results of the first study.

Table 2 Study III error data

Proportion of Trials Containing Errors

Key Total Undetected
pressure Cleared insert insert
8 oz 0.0346 0.0067 0.0033
16 oz 0.0158 0.0038 0.0017
24 oz 0.0088 0 0

Total number of trials represented: 7,200
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Fig. 1 Cockpit simulator showing locations of control’

boxes: 1) aisle stand aft; 2) aisle stand forward; 3) light

shield; 4) control wheel, right-hand or left-hand operation;
5) outboard console, left hand operation.

Study 111

The third study introduced the important variable of tur-
bulence. A mechanism was constructed to shake the control
boxes to simulate the relative motion between a pilot’s hand
and the control boxes in turbulence. From consideration of
the nature of the keyset task and the characteristics of tur-
bulence in transport aireraft it was concluded that the greatest
effects on keyset operation would occur with the relatively
high amplitude movement near the resonant frequency of the
total airframe. Based on airframe data, a combination of
three sine waves at nonintegral multiples with a maximum
frequency of 1.5 Hz and an amplitude of =1 in. were selected
for driving the turbulence simulation mechanism. Simul-
taneous motion in the lateral and vertical axes was provided
by independent signal generators. The turbulence simulation
mechanism is shown in Fig. 2. Control boxes with key pres-
sures of 8, 16, and 24 oz were operated in the aft aisle stand
and in the light shield locations. ¥ach of 4 operators entered
a sequence of 100 vhf communication frequencies 3 times with
each of the key pressures in each of the locations. There
were no significant differences between response times with the
different key pressures. However, there were significant dif-
ferences in the percent error data that are shown in Table 2.
The definitions of cleared errors, total insert errors, and un-
detected insert errors are the same as for the first study. The
differences in percent cleared errors among different key pres-

Fig. 2 Turbulence simulation mechanism.
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sures were statistically significant. The heavier key pres-
sures were effective in limiting the detrimental effects of mo-
tion.

It may appear to the reader that 24 oz is an unreasonable
amount of pressure, which might lead to fatigued fingers and
disgruntled pilots. Our subjects regularly entered 500 digits
over a span of 30-40 min. without complaints.

Study IV

A fourth study has been completed recently and data are
being analyzed. Operation with and without simulated tur-
bulence is being compared, The concentric knob control box,
the 24 oz 10-key keyset, and a thumb wheel control box were
operated in the forward aisle stand and in the aft aisle stand
locations. A comparison of operation by laboratory tech-
nicians and by commercial pilots is also included.
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Study V

A fifth study is currently under way to evaluate detailed
design features of alphabetic key modules. This is expected
to be especially valuable in view of the eritical importance of
packaging so many keys in a small area.

Based on the results of the above studies, combined with
analyses of the control tasks required for area navigation, we
have concluded that a keyset control provides saving in entry
time over a traditional knob-type control. This holds true
for all locations considered, and, more specifically, the loca-
tion forward of the throttles is acceptable for a keyset-type
control. Finally, by selecting a key pressure significantly
heavier than would be recommended for stationary operation,
the detrimental effects of turbulence on error rates with key-
sets can be held within current limits.



