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Experimental Investigation of the Lead Operations of Human Operators
in Manual Control

By Keiji TANAKA

In pilot-aircraft systems analysis, which is now considered to be the basic tool in pre-
determining aircraft flying qualities, it has been pointed out -that the adaptive nature of
human lead operations is one of the most important functions of the dynamic characteristic
of a human pilot. The modelling of that characteristic has thus far been successfully devel-
oped by the crossover model. In critical tracking tasks, however, direct adoption of the
crossover model does not seem proper.

In order to obtain a final generalization of the crossover model with respect to critical
situations, conventional single-loop compensatory tracking experiments were conducted using
twelve kinds of controlled elements. Then, on the basis of the experimental data obtained,
the describing functions of human pilots were identified using new techniques based on the
MFPE (Minimum Final Prediction Error) method, which takes advantage of recent develop-
ments in the field of time series analysis and statistical system identification.

The main results obtained are summerized as follows:

1) By using the techniques based on the MFPE method, smooth, more precise, describing
functions were obtained than those obtained using existing spectral analysis. Moreover,
human impulse response functions were identified, which indicated that consistent human
net time delay was about 0.1-0.2 (sec).

2) For relatively simple controlled elements, the crossover model proved to be proper,
while for oscillatory second-order controlled elements it was found desirable for the double
lead term to be added to the transfer function of the human pilet.

3) The forecast weights of controlled element output, which was calculated wusing
several assumptions, coincided with the describing functions of the human pilot in control
of the oscillatory recond-order controlled elements. This leads us believe that human lead
operations may be realized as one human function capable of forecasting the signal.

Although the results of 8) above should be the subject of further experimental study and
verification, the results suggest the possibility of a simple method of modelling the relation-
ship between complex pilot dynamic characteristics and controlled element dynamics, which
seem to serve as the fundamental data on the handling qualities of future aircraft.
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