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Abstract

This project examines the case of the Betty and Barney Hill alien ab-
duction and the map drawn by Betty Hill, which she claimed to have
been shown by aliens. Two interpretations of the Hill map are exam-
ined, and the optimal projection for matching the map to actual stars
is found using both old and new astronomical data. The appearance
of the best-fitting pattern shows little change when switching from old
to new astronomical datasets, and both interpretations score similarly
in matching to the Hill map. The conclusion is then drawn that the
interpretations are not unique, and the fact that the Hill map can
be matched to actual astronomical data does not constitute tangible
evidence that Betty Hill received astronomical information unknown
to humankind at the time of the alleged alien abduction. However,
the project could be built upon by extending the algorithm to search
among the full set of stars in modern catalogues as well.

1 Introduction

On September 19th 1961, as they were driving through rural New Hampshire
on their way home from a vacation, Betty and Barney Hill claimed to have
been abducted by aliens. In the immediate aftermath, they didn’t remem-
ber anything; there was a gap in their memory ufologists call ”missing time
syndrome”. Later, however, during hypnosis sessions they would both in-
dependently give detailed accounts of what has been interpreted as an alien
abduction. Beside being subjected to medical examinations, Betty Hill also
testified to having been shown a map—though it’s unclear whether this was
a three-dimensional map akin to a hologram or a two-dimensional map—of
a system of stars including the aliens’ home world and their trading routes.
In 1966, John G. Fuller published the book ”The Interrupted Journey: Two
Lost Hours Aboard a Flying Saucer” [1] about the case, featuring Betty Hill’s
sketch of the map, shown in Fig. 1.

Later, elementary school teacher and amateur astronomer Marjorie Fish
used the 1969 Gliese star catalogue to construct an elaborate three-dimensional
star map of stars within 22 parsec using strings and beads in an attempt to
find a projection that would match the Hill map. She pinpointed the binary
star system Zeta Reticuli as the home world of the aliens, corresponding to
the two biggest points on the map. This match was published in the popular
science magazine Astronomy in 1974.
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Figure 1: The map drawn by Betty Hill, published in [1].

The argument for the veracity of the Hill’s story is then that the positions
of these stars could not have been known to Betty in 1961, 8 years prior to
the catalogue’s publishing, and the accuracy of the match therefore means
she must’ve learned this elsewhere; that is, from extraterrestrials.

This interpretation has been criticized, among others by Carl Sagan.
Other interpretations of the map have also been proposed, positioning ei-
ther Epsilon Eridani and Epsilon Indi, Sirius and Procyon as the aliens’
home worlds, presented in [6], or Alpha Centauri A & B as suggested in [8].
The fact that several different interpretations have been put forward already
suggests that the solution is not unique.

The purpose of this project is to attempt to quantify the accuracy of a
match, in order to measure how well the Fish interpretation holds up in light
of modern data (from the 2022 Gaia Data Release 3 [2] obtained by the Gaia
Mission [3], from now referred to as Gaia DR3) in comparison to that used by
Fish in the 60’s (the Gliese Catalogue of Nearby Stars [4]). Furthermore, the
same will be done for the solution proposed by Atterberg, as described in [6],
taking Epsilon Eridani and Epsilon Indi instead of the Zeta Reticuli binary
stars. By quantifying the mismatch and comparing the accuracy of the two
interpretations, one may draw conclusions about whether the Hill map can
be considered solid evidence for the existence of intelligent extraterrestrial
life.
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2 Method

This work used Python, within which the main packages used were numpy,
matplotlib, and scipy. The first step to find 2D projections of the stars was
to represent the stellar positions in 3D space. The catalogue data are given
in celestial coordinates (given in right ascension, declination and distance
or parallax), and was converted to cartesian coordinates using a modified
spherical-cartesian transformation where the azimuthal angle, corresponding
to the astronomical declination, ranges from -90° to 90° instead of the math-
ematical standard range [0°, 180°]. This conversion is shown in 1, where δ is
the declination, α is the right ascension, and d the distance in parsec. The
distance was taken as the inverse of the parallax where applicable.

x = d · cos δ · cosα
y = d · cos δ · sinα
z = d · sin δ

(1)

The sun is assumed to be at the origin of the coordinate system.
To generate a 2D projection consistent with the perspective used in the 3D

visualization, the internal projection matrix from matplotlib’s 3D engine was
used. The projection depends on the viewing geometry (azimuth, elevation,
and roll) and on the projection type, specified through a focal length. The
complete transformation matrix was obtained from the figure object and
applied to the cartesian coordinates. This procedure reproduces the apparent
pattern seen in the 3D view, though the absolute scale is not preserved.

Because the goal is to compare geometric patterns rather than physical
sizes, the projected coordinates were normalized such that the two most
widely separated points have a unit distance. This scaling can be adjusted
during the fitting procedure.

Reference points were extracted from Fig. 1 using WebPlotDigitzer [7].
To quantify the agreement between a projected star map and the reference
pattern, a metric was defined as the mean distance between corresponding
points, the metric of average deviation, henceforth referred as the metric. If
this value is 0, it would constitute a perfect match. This is shown in (2),
where c is the metric, the sum is over corresponding pairs and N is the total
number of points. Note that the coordinates used here are the projection
coordinates, and therefore not the same as in (1).
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c =
1

N

∑
{i,j}

|r⃗i − r⃗j| =
1

N

∑
{i,j}

√
(xi − xj)2 + (yi − yj)2 (2)

The correspondences can be supplied manually (when specific identifica-
tions are known, such as when examining the Fish interpretation), or they
can be determined automatically. In the latter case, the assignment problem
was solved by minimizing the total pairwise distances using the Hungarian
algorithm as implemented in scipy.optimize.linear_sum_assignment.

With a function for the metric defined, a function that takes the param-
eters defining a projection (azimuth, elevation, roll, focal length, and scale)
as input and returns the metric as an output was defined. This was then
minimized with respect to all parameters using scipy.optimize.minimize.

3 Results

The results are summarized in table 1.

Projection Metric of average deviation
Fish (G69) 0.1036
Fish (Gaia) 0.2066
Fish, lines only (G69) 0.1096
Fish, lines only (Gaia) 0.1287
Atterberg (G69) 0.0892
Atterberg (Gaia) 0.0869

Table 1: The metric of each pattern fit, calculated according to (2).

3.1 Fish interpretation

The best fit found by the algorithm for the old and new data is presented in
Fig. 2 and 3 respectively.

Furthermore, Fig. 4 and 5 present the same results but taking into ac-
count only the points corresponding to those connected by lines in Fig. 1.
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Figure 2: Best fit of the Fish interpretation using coordinates from the Gliese
Catalogue (1969) (left) and points taken from the Betty Hill map (right).
Metric of average deviation = 0.1036. Numbered markers correspond to:
(1) Zeta 2 Reticuli, (2) Zeta 1 Reticuli, (3) Alpha Mensae, (4) Sun, (5) 82
Eridani, (6) Tau Ceti, (7) 107 Piscium, (8) 54 Piscium, (9) HD 10307, (10)
HD 13445, (11) Tau 1 Eridani, (12) HD 9540, (13) HD 13435, (14) HD 14412,
(15) Kappa Fornacis.

Figure 3: Best fit of the Fish interpretation using coordinates from Gaia
DR3 (2022) (left) and points taken from the Betty Hill map (right), Metric
of average deviation = 0.2066. Numbered markers correspond to: (1) Zeta 2
Reticuli, (2) Zeta 1 Reticuli, (3) Alpha Mensae, (4) Sun, (5) 82 Eridani, (6)
Tau Ceti, (7) 107 Piscium, (8) 54 Piscium, (9) HD 10307, (10) HD 13445,
(11) Tau 1 Eridani, (12) HD 9540, (13) HD 13435, (14) HD 14412, (15)
Kappa Fornacis.
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Figure 4: Best fit of the Fish interpretation using coordinates from the Gliese
Catalogue (1969), taking into account only those connected by lines in the
Hill map (left) and points taken from the Betty Hill map (right). Metric of
average deviation = 0.1096. Numbered markers correspond to: (1) Zeta 2
Reticuli, (2) Zeta 1 Reticuli, (3) Alpha Mensae, (4) Sun, (5) 82 Eridani, (6)
Tau Ceti, (7) 107 Piscium, (8) 54 Piscium, (9) HD 10307, (10) HD 13445,
(11) Tau 1 Eridani, (12) HD 9540.

Figure 5: Best fit of the Fish interpretation using coordinates from Gaia
DR3 (2022), taking into account only those connected by lines in the Hill
map (left) and points taken from the Betty Hill map (right). Metric of
average deviation = 0.1287. Numbered markers correspond to: (1) Zeta 2
Reticuli, (2) Zeta 1 Reticuli, (3) Alpha Mensae, (4) Sun, (5) 82 Eridani, (6)
Tau Ceti, (7) 107 Piscium, (8) 54 Piscium, (9) HD 10307, (10) HD 13445,
(11) Tau 1 Eridani, (12) HD 9540.
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3.2 Atterberg interpretation

The best fits of the stars in the Atterberg interpretation from old and new
data are presented in Fig. 6 and 7 respectively. For the Atterberg inter-
pretation only the points corresponding to those connected by lines in Fig.
1 were taken into consideration. This is due to there being more stars in
the Atterberg map than in the Hill map, making it unclear which stars are
intended to be part of the pattern.

Figure 6: Best fit of the Atterberg interpretation using coordinates from
the Gliese Catalogue (1969) (left) and points taken from the Betty Hill map
(right). Metric of average deviation = 0.0892. Numbered markers correspond
to: (1) Epsilon Indi, (2) Epsilon Eridani, (3) Tau Ceti, (4) Groombridge 34,
(5) Kruger 60, (6) Struve 2398, (7) Sigma Draconis, (8) Groombridge 1618,
(9) Ross 128, (10) 61 Cygni, (11) Ross 248, (12) Sun.
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Figure 7: Best fit of the Atterberg interpretation using coordinates from
Gaia DR3 (left) and points taken from the Betty Hill map (right). Metric of
average deviation = 0.0869. Numbered markers correspond to: (1) Epsilon
Indi, (2) Epsilon Eridani, (3) Tau Ceti, (4) Groombridge 34, (5) Kruger 60,
(6) Struve 2398, (7) Sigma Draconis, (8) Groombridge 1618, (9) Ross 128,
(10) 61 Cygni, (11) Ross 248, (12) Sun.
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4 Discussion

The result presented in table 1 implies two things regarding the pattern
matches; one, that the Atterberg interpretation is better than the Fish in-
terpretation, and two, that the Atterberg interpretation holds up better in
light of new data.

In particular, there is a significant difference in the pattern fit of the
Fish interpretation between the old and new data, as seen in the distorted
projection in Fig. 3. However, this turned out to be mainly because of
the star HD13435, whose distance from the sun was updated from 13 pc in
the Gliese catalogue to 59 pc in Gaia DR3, leaving a very small angle from
which it can be included in the projection, thereby disrupting the pattern.
For reference, the projection of Gaia data using the best-fit parameters found
for the Gliese projection is shown in Fig. 8.

Figure 8: The projection of data from Gaia DR3 using the best-fit parameters
for the Gliese (1969) data (left), and the Hill map (right). In order for the
labelled star (HD 13435) to fit on this scale, the rest of the pattern is much
smaller.

To examine how the rest of the pattern held up, the same process of
fitting was done excluding the three stars not connected by lines in the Betty
Hill map (Fig. 1). The match of the Gaia data then improves significantly.
At the same time the exclusion of these three increases the mismatch metric,
although very slightly, in the Gliese data. This increase may be considered
insignificant, but still implies that the original Fish interpretation was in
some part reliant on these three stars and their no longer being compatible
with the pattern in modern data points toward the interpretation no longer
holding up.
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The differences in the distances between the old and new data is presented
in Fig. 9 and 10. From Fig. 9 the significant difference in HD13435’s distance
is clear; the distance has increased by a factor greater than 4. Furthermore,
the star Kappa Fornacis has also changed a considerable amount. Notably,
this is another of the three stars not connected by lines in the Hill map.

Figure 9: The ratio between the distances of the stars in the Fish interpre-
tation from the Gliese catalogue and Gaia DR3.

Figure 10: The ratio between the distances of the stars in the Atterberg
interpretation from the Gliese catalogue and Gaia DR3. Note that the y-
scale is different from Fig. 9.
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As seen in Fig. 10, the distances of the stars in the Atterberg have not
changed considerably. Additionally, comparing Fig. 6 and 7 shows that the
pattern hasn’t changed either. Thus, discussing the validity of Atterberg’s
interpretation is more focused on whether it was even originally a viable so-
lution. In Atterberg’s interpretation, the broad strokes may be similar to
the Hill map, and this is reinforced by the low matching metric, but two
particularly problematic stars are Kruger 60 and Cygni 61, creating sharp
angles where there is a rather smooth curve in the Hill map. Additionally,
Groombridge 1618 is significantly lower. It is also worth noting the relative
positioning of the main stars, Epsilon Indi and Epsilon Eridani points north-
east, while in the Hill map these stars point northwest. As these are heavily
emphasized in the Hill map, this should perhaps weigh more heavily in the
result.

Although the Atterberg solution yields a lower metric than the Fish so-
lution, implying a marginally better match, the difference is small. By eye,
neither pattern stands out as superior; both are similar in overall shape and
have a small number of outlier stars that distort the projection. A significant
difference to note between the two interpretations is that, in order for the
pattern to be realized in the Fish interpretation, the Zeta Reticuli binary
stars aren’t individually resolved; this adversely affects the Fish interpreta-
tion when comparing to the Hill map using the average deviation metric of
the projections. In the Atterberg interpretation, the two emphasized stars
in the Hill map—taken to be Epsilon Eridani and Epsilon Indi—are not a
binary system nor particularly close relative to the other stars included by
Atterberg. Thus, the central ambiguity is of how to interpret the emphasis
on the two encircled stars by Hill: whether it indicates a close spatial rela-
tionship between the two stars, or simply highlights their importance within
the map regardless of their separation.

When considering the validity of a solution, there are a number of different
approaches to take; the approach taken in this paper was to take the average
distances between points in the two sets as a measure of the similarity, but as
seen in the results, this may not be ideal. This approach does not consider
the position of the points in relation to each other, which is arguably the
most important part of a pattern. A more suitable algorithm may then be
one that considers the lines in their entirety, or the angles between the lines.
Moreover, the algorithm used requires a good initial guess from which the
program will find the optimal projection angle. This could be improved, for
example, by implementing a Monte Carlo method that tries many different
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angles and returns the best one as an initial guess for the optimization.
This project considers only two interpretations, but to draw a more sta-

tistically significant conclusion more patterns would need to be examined.
This could be other interpretations, such as those proposed in [6] and [8], or
a broader search among all stars in the catalogue. That both interpretations
fit similarly well implies that the solutions are not unique, and considering
that the Gaia mission was able to catalogue many more stars with higher
precision than the Gliese catalogue (which Fish and Atterberg used), there
may be many more matches. Thus a suitable continuation of the project
would be to go through Gaia DR3 and search for more matches; the exis-
tence of several more matches would then support that the Betty Hill map
is indeed not a unique pattern, and therefore not proof of alien visitation.

Furthermore, as Marjorie Fish did when she did her initial search for a
matching pattern, one could also take into account the properties of the stars
themselves. From the thousand stars within 50 light years she extracted 46
stars that suited a set of conditions Fish deemed necessary for the star to
be able to to support life. With new data, the properties of the stars chosen
have been updated, and some no longer satisfy all the requirements set by
Fish, invalidating them by her own logic. This is further discussed in [5].

5 Conclusion

There are many different ways to evaluate the viability of a solution to which
stars are represented in the Betty Hill star map. In this project, it was mainly
treated as a pattern–matching problem, and compared two interpretations.
A suitable continuation of this project would be to design a code that can
search through the many stars in Gaia DR3, and see how many matches can
be found.

12



Acknowledgements

This work has made use of data from the European Space Agency (ESA)
mission Gaia (https://www.cosmos.esa.int/gaia), processed by the Gaia
Data Processing and Analysis Consortium (DPAC, https://www.cosmos.
esa.int/web/gaia/dpac/consortium). Funding for the DPAC has been
provided by national institutions, in particular the institutions participating
in the Gaia Multilateral Agreement.

References

[1] John G. Fuller. The Interrupted Journey: Two Lost Hours Aboard a
Flying Saucer. Dial Press, 1966.

[2] Gaia Collaboration et al. “Gaia Data Release 3 - Summary of the content
and survey properties”. In: A&A 674 (2023), A1. doi: 10.1051/0004-
6361/202243940. url: https://doi.org/10.1051/0004- 6361/
202243940.

[3] Gaia Collaboration et al. “The Gaia mission”. In: Astronomy & Astro-
physics 595 (2016), A1. doi: 10.1051/0004-6361/201629272.

[4] W. Gliese. “Catalogue of Nearby Stars. Edition 1969”. In:Veroeffentlichun-
gen des Astronomischen Rechen-Instituts Heidelberg 22 (Jan. 1969), p. 1.

[5] Colin Johnston. The Truth about Betty Hill’s UFO Star Map. Armagh
Observatory and Planetarium. Aug. 2011. url: https://armaghplanet.
com / betty - hills - ufo - star - map - the - truth . html (visited on
12/06/2025).

[6] William McBride. Interpretations of an Alien Star Map. PublishAmer-
ica, 2005.

[7] Ankit Rohatgi. WebPlotDigitizer. Version 4. url: https://automeris.
io.

[8] Yaridanjo Warmkessel. Astro-Metrics of Undiscovered Planets. Chapters
11–12, accessed 27 December 2025. n.d.

13


