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regardless of workload it did not seem to be worthwhile to put much effort into the
task of optimizing control gain.

In previ~us experiments, not reported here, only with the more difficult tasks were
goin s optimized. I wos necessary to consider beth chjective performonce
mecsurements and subjective ratings in determining optimum control galn settings.
The method seemed to be rather complicoted. Few proposels for conirol gain settings

can be found in literature ; usuolly only for zerc order systems.

Results of o previcus oxperiment concerned with operator selection of altemate

control gains in a step tracking task, indicated that the human operator Is capable

of selecting from two different control goins so as to improve his performance and

reduce his workload. The experiment reported here wos conducted to test the

copability of the human operator of optimizing his own goin with o continuously

adjustable control goin,

The following questions had to be examined :

1. Is there on cptimal range of control gain for oll §'s ?

2. Do control goin optimization resuits obtoined with objective error
mecsurements agree with subjective roting results ?

3. Are the individual optimal goins obtoined by repectsd edjustments of control
goin by the S himself within o norow ronge (sharp or brood optimum) ?

4. is there o relotiondhip between cperator experience and his choice of on
cptimal control gain setting ?

Exarimovm:l Set-up

A two-dimensione | continuous first=crder pursuit tracking system wos designed for
this experimen? (see figure 1).

Gaussion noise was filtered to .3 Hz ond h fo?hg ﬁmcﬂon(']hll vos ¥
done 10 avold the possibility of operators learning ond aiticipating the fording ”
function, and perhaps a‘ecting optimum centrol goin settings. The used frequency
is neor .5 Hz, which HAMMERTON propotes is the moximum frequency for un=
predictoble signals thet humon cperators can follow. The resuiting high diffleulty
level should also lead to a narrow range of optimal contrel gain.
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Torget and cursor were disployed on o 24 * tvemonitor. The torgst wes disployed s
a smoll aircle, the curser os 0 cot. A light centering fingerstick with neorly no
friction wos used for control, Maximum stick deflestion in oll direations was 16 °,
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To investigate question 2, listed cbove, on opparatus (see figure 2) wos designed to
permit control galn to be set either by the sxperimentos or by the cperoter. Settings
were first fixed by the experimenter to genercte perforasnoe curves. In later
procedures , 0 10+turn potentiometer wos used by the operoter hinuelf,

“0L~ \



Control of the experiments, data collection and processing was done by a hybrid
computer.

Experimental Procedure

The experiment wos periormed with rwo groups of $°s. The first group consisted of
10 low ranking enlisted men from @ communications batallion. They had neorly no
trocking experience. The second group consisted of 5 engineers with extensive
trocking experience. During a Iralning time of 15 minutes, S s became aquainted
with their task and proctised the self=adjustment of control gain with the potentio=
meter,

The experiment was divided into fwo parts ;

1. Racordings of performonce curves, choracterized by RMS=-tracking errors and
TOT-measurements, were made In 5 trials of 2 1/2 minutes sach with different
control gain seMtings in o ronge of | fo 10, After each irial, subjective dota
ware collected using roting scales ond questionaires of operator worklood and
controllobility of each satting.

2. During these trials, 5°s could adjust their control gain to any value they wanted
by turning the potentiometer knob. After initiol maximum sstting by the
expsrimentor, S°s were able to select control goin settings during the first
2 1/2 minutes which were odjusted more finely during the next trial. The some
exparimental sequence was repeated with on initial setting of minimum goain.

Experimental Results

o) Control gain - error_ characteristics

RMS-Trocking error was used as the performonce criteria. In figure 3 control goin-
error curves of both groups ore shown, Although typical u=shaped curves resuited,
a significant minimum error was sean with the uns--perienced group.

The rather big standard deviations did not ie1.; from different individual optimum
gai volues as it could be demonsirated with the TUKEY=test of non=additivity.
That test showed : There is on optimum range of control guin for ol members of this

group.
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The results of the experienced 5$°s were similer. A control goln ronge of minimum
error wes demonstrated as well, but there Is no significant difierence between the
3 middle settings due to the higher degree of experience,

In onswes to experimental quastion 1 thess experiments showed that with cbjective
measures there is almost no difference in optimol gain settings between the two
groups.

Subjective [udgements wero obtained from 5% after soch control gain setting using
Ceoper ting scales and direct comparison rotings of eash setting with preceding
ones. The Cooper rating scole, developed for experts, wes too finely abdivided
for our 5°s. Therefore all rotings were transformed to rank orders by which the
meds of each setting wos computed. A comparison of tne modes of subjective ond
abjective ranks is shown in figure 4,

| Modes of ranks for each CG-setling
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Results obtoined with direct comparisons with respact to controllability between
each setting are similar. The difference batween sach setting Is shown in figure 8.
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Tha preterence of $°s for control goin settings Il and 11t is pointed out very clearly.

Operator *s workload rotings show similar results (see figure 6).
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Thare 1s o slight but insignificent shifting of the optimum gain o lower control
gains with the subjective ratings, but the question cbout agreement of cbjective
with subjective optimum goin settings can be answered positively.
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b) Continuous odjustment of control gain by the operator

In figure 7, means and stondord deviations of final adjusted control golns are to be
soon. Thess values are given for the different Initial setting conditions and degrees
of experience. .

Subjects Initial CG-setting mean
ec
COmax | COmin
experienced [0,53:0175]04820)25] 0,505
Hunexperienced 06220254|0,38:0)25] 0,500

Rgoe 7 1 Operatse ofjusted sonirol goin sattings &
o honotien of initiel contrel guin settings
ond omperience

Controry to unexperienced S$°s there is no significant influence of Initiol gain
setting. Less experienced $°s tend to adjust to the morgins of the optimal ronge of
the performance=-optimized control gain settings determined in the first experiment
(see figure 8),

RMS-Error A initial CG-setting s COmgx
fem) [ initict CG-setting = Comin -
O MEAN
s..
1 unexperienced
3¢+
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The main result of this experiment is the congruency of the overall means of self-
adjusted control gains of both groups with the experimentally determined optimal
control gain setting.

The humon operator seems to be copable of optimizing the control gain of o mon=
machine system by means of o simple additional manval davice.

The essential advantages of this method are simplification of the measwring system
ond shortening of experimental time. Only the final value of the gain odjustment
needs to be recorded, and it takes only obout 1 minute for each adjustment, Sub~
jective questioning may be omitted. The task can be done by experts, and the
result will fit oll persons,

#t should be possible to determine optimal gain settings for various controls, systems
and forcing functions by using this method, to help manufacturers design theie
products ond to help onerators in performing their tasks.
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