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On Visual Illusion of Height During Visual Approaches
to Aircraft Landing by Means of Analysis
of Visual Circle
— An Attempt to Elucidate “Underlanding” Phenomenon —
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Abstract

In spite of the recent development of ILS (Instrument Landing System), it is still
recognized as a crucial problem that pilots tend to fly too low during visual approaches at
night or in bad weather. This phenomenon is called “underlanding”. In addition to this fact,
“Visual Circle” experiments, in which one constructs apparent circles in a dark room, was
planned to examine the Luneburg theory of binocular visual space.

By identifying the situation of night visual approaches to landing with that of Visual
Circle experiments, a geometrical model which indicates the visual illusion of height is
proposed. The analysis with this model is applied to Visual Circle data and the results of
simulated experiments with approach lights. The tendency of height overestimation is
obtained for specific observation distance. From these results, it is confirmed that the
“underlanding” phenomenon appears inevitably during aircraft landings at night. Some
remarks on a dynamic approach to the psychology of aircraft landing are made.
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Fig.3 The relationship between physical Fig.4 The perspective mapping of Visual
height and apparent height Circle from physical space to visual
space

X2+ a*(y =) =b* (3)
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Fig.5 ILS (Instrument Landing System) and
simulated experiment
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Table 1 Calculated results from Visual Circle data

/1 length of standard stimulus

observation / . h of N ol
distamce 2 . length of comparison stimulus
200 400 600 50 930 1200 | 1500
::slﬁ?tls ted (o) 6 ’ h« : physical height
1, 50 | 50 | 100 | 50 | 100 | 100 | 100 f" : :‘:t‘l?irg{t_Q‘f/‘%thf
L 55.17 | 55.97 | 81.30 | 41.87 | 65.32 | 83.15 | 68.57 ’ PelReo R
ha 2.90 | 5.24 ] 8.,15| 8.1511.99|15.13|18.62 vo.a. b, are given in (3)
R 2.34| 3.4829.29 |34.03 |10.32 | 76.98 | 9.39| Y& ¥CE '
the sign of #3 - - + + - + -
r 0.91 ) 0,90 1.261 1.22¢ 1.73| 1.23) 1.60
Yo fcm) 190.63] 378.68) 668.42] 712.35 1176.93] 1319.45] 2087.70
a 0.391 0.33] 1.11] 1.39] 0.18| 1.59] 0.131
b 23.32 1 23.76 1 33.14 | 17.88 1 26.43 [ 32.83 | 31.66
Table 2 Calculated results from Osaka’s data
observation
distance | 209 209 65 97.251 116.0
calculated [cm] [em] [m] [em] [em]
results
/s 17.45 | 18.30 | 11.62 5.92 5.55
[z 18.88 | 18.66 | 10.02 6.45 5.92
ha 29.93 | 29.93 9.30 | 13.93 | 19.83
oy 19.79 | 26.70 | 18.04 7.96 | 11.59
the sign of %} - - + - -
¥ 0.93 0.98 | 1.174 | 0.921 0.94
remarks two points | dot line outdoor | miniature runway
labhoratory

The explanations of calculated results are depicted in Table 1.
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