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There have been several remarks on manual control theory which experimentally or
theoretically point out that a human operator may take double lead operation, and so the transfer
function of the human operator must incorporate the double lead term when controlling unstable
systems. In this research, two simple manual tracking experiments were conducted, in the first
place to prove the existence of the double lead term in the transfer function of the human
operator when controlling unstable systems, and secondly to investigate the variations of the
control characteristics of human operators according to the variations of the dynamics of the
controlled elements.

The purpose of this paper is to re-examine the role of the lead terms of the human transfer
function and to obtain some insight into the controllability limit of manual control.

The results of these investigations can be summarized as follows:

1) Through the first experiment:

It was proper to add the double lead term to the transfer function of the human operator
when controlling unstable systems.

2) Through the second experiment:

It was difficult to express the human transfer characteristics with one linear transfer
function. In such cases it seems to be more accurate to divide the human transfer function into
two linear functions according to their dominant frequency ranges, the one part of the transfer
function being determined by the lower frequency domain, and the second by the higher fre-
quency domain. The human characteristics indicated by the former transfer function contribute
to the improvement of control performance, while the human characteristics indicated by the
latter supress the divergence of the controlled element.

The relationships between parameters of the human transfer function and the parameters
of the controlled elements are as follows:

A) Double lead term of the human operator proves to be independent of the damping of

the controlled elements.

B) As the stability of the controlled element decreases, the time delay term decreases

s0 as to increase the stability of the whole system, but there are cases in which both the first

lead term and the time delay term do not take maximum values to stabilize the system.

In the future, some new method of analysis which takes account of the nonlinear
characteristics of the human operator will make these phenomena clearer.
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