High resolution imaging of mutual
events of the Jovian satellites during
the 2014/2015 apparition

John Sussenbach & Willem Kivits

During the 2014/2015 Jupiter apparition several mutual occultations and eclipses of the Galilean
satellites took place. These mutual events occur every 5.93 years.A number of the events were
recorded using 14-inch [355mm] or larger telescopes and different types of cameras. Processing
programs like Registax 6.1 or Autostakkert2! struggle to grade,align and stack the tiny images of the
Jovian satellites. To obtain high resolution images different processing procedures were em-
ployed to optimise the quality of the images, including hand selection and the use of master
frames. Several occultations and eclipses were recorded at high resolution. In several eclipses
the umbra and penumbra could be successfully distinguished. An interesting phenomenon was
observed near the date of opposition, viz. the simultaneous occultation and eclipse of Ganymede
by Callisto on 2015 February 7, one day after opposition.

Introduction

Jupiter is a favourite object for planetary observers. Even with
small telescopes many details can be seen on this giant among the
planets, such asthe dark North and South Equatorial Belts, many
minor atmospheric features and, of course, the famous Great Red
Spot. Another interesting feature of the Jovian system is the per-
petual dance of thefour large satellites o, Europa, Ganymedeand
Callisto. Fromtimeto timetransits of the satellitesand their shad-

Figure 1. Transit of o on 2014 November 25 (Left: 03:31 UT; Right: 04:00 UT).
North is up in all images.
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Figure 2. Triple shadow transit of Ganymede, |o and Europa on 2013 October 12.

ows over the globe of Jupiter can be observed (Figures 1 and 2).
These phenomena make the Jovian system one of the most fasci-
nating in the solar system.

Jupiter rotates around the Sun in nearly 12 Earth-years. Every
5.93 years the Sun and Earth pass through the Jovian equatorial
plane (Figure 3). Thiscauses some phenomenaof particular interest,
viz. mutual occultations and eclipses of the big Jovian satellites.

The Ingtitut de Mécanique Céeste et de Calcul des Ephémér-
ides (ICCME) has through the years collected observational data
about these events.! The emphasis was on the photometric as-
pects. In recent years with the development of digital astropho-
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Figure 3. Jovicentric declination of the Earth and the Sun in 2014/2015.5

tography, amateurs such as Damian Peach, Christopher Go, Leo
Aerts & Willem Kivits have successfully detected details on the
tiny disks of the Galilean moons (see for instance the website of
the ALPO Japan).2 Marc Delcroix has posted a collection of re-
solved videos of these events from various observers3 Observa
tions and photometry of these events have been used to check the
orbits of the satellites.4

The most recent period that mutual events occurred was in
2014/2015. From the Netherlands Jupiter stood high in the sky and
moved through Leo and Cancer. This was very favourable for
imaging the events. The next opportunity will be in 2021. This
passage will be rather unfavourable for us living in the Nether-
landsand the UK, because then Jupiter islow abovethe horizonin
Capricornand Sagittarius.

The observation of mutual occultations and eclipsesisham-
pered by the small diameter of the four large Jovian moons.
Even during opposition the largest moon Ganymede (5268km)
has an apparent diameter of only 1.68 arcseconds, while the
smallest of thefour, Europa(3122km), has an apparent diameter
of about 1 arcsecond. Under non-optimal conditions atelescope
with adiameter of 25cm isaminimum instrument to study these
phenomena in detail. During the last apparition with mutual
events, in 2009, the first resolved time-lapse videos of mutual
phenomenawere collected.4 Because of the variable and unsta-

Figure 4. Left: Willem Kivits with his
20-inch (50.8cm) Newtonian telescope;
Above: John Sussenbach and his C14
(35.5cm) Schmidt—Cassegrain telescope.
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ble weather conditionsin the Low Countries the authors have
combined their observations of the 2014/2015 apparition to
obtain as much data as possible.

The purpose of our observations was to investigate to what
extent details of these mutual phenomena can be recorded with me-
dium-sized telescopes, and in particular to what extent the penum-
braand umbracan be distinguished during mutual eclipses. Specia
attention was paid to the unique situation around opposition, when
occultationsand eclipses might occur s multaneoudly. A preliminary
report was published in Dutch in Occultus magazine.b Detailed in-
formation onthemutual eventsof 2014/2015 and useful information
isfound in areport of the Jupiter Section of the BAA.”

Methods

Instruments

Willem Kivits (Siebengewald, The Netherlands) used a Celestron
C14 35.5cm Schmidt—Cassegrain tel escope and a20-inch (50.8cm)
f/4 Newtonian telescope. John Sussenbach (Houten, The Nether-
lands) also used aCelestron C14 SCT (Figure4).

Thereisnormally not much differencein resolution between a
C14 SCT anda12to 20-inch (30.5to0 50.8cm) Newtonian. Often, the
seeingisthelimiting factor and the maximum theoretical resolution
is not achieved. Experience has shown that a 10-inch (25.4cm)
telescopeisabout the minimum sizerequired to make detailed im-
ages of the satellites.

Video camerasfor planetary photography must beableto record
many frames per second and have a high sensitivity. We used a
QHYS5LIT (CMOScamerawith 3.75x3.75 micronspixel sresolution)
and a DMK 618 mono camera (containing the Sony ICX618 chip
with 5.6x5.6 microns pixels). To minimisethe effectsof atmospheric
turbulencewe used 610nm (red) and 685nm (infrared) passfilters.

Recording and processing images

Ingeneral, imageswererecorded asAV| filesand thefocal ratio of
the telescopes was usually between /25 and /40, depending on
the weather conditions and the optical system employed. We re-
corded short moviesof 1-2 minuteseach at aframerate of 60-100
frames per second, depending on the satellite recorded and the
weather conditions. Callisto is much less bright than the other
three satellites.

For processing the recorded AVIs the programs Autostak-
kert2!8 (author Emil Kraaikamp) and Registax 6.1° (author Cor
Berrevoets) were most often used. These programs automati-
cally select the frames with the highest quality and then posi-
tion and stack the best images. Although these programs in
general work well on planets, they have more difficulty han-
dling very small and faint objects.

When processing the AVI files the best results are obtained
when the objectsarewell centred. Therefore, the recorded movies
werefirst processed using the PIPP program.10 This program se-
lects the best images, centres the object and creates anew AV of
well-centred images. These new AVIsmakeit easier for the stack-
ing software (Autostakkert2! or Registax 6.1) to select and posi-
tion the best frames.

To improve the processing of AVIs of the mutual events of the
Jovian moons we aso used another procedure. Using the PIPP
programtheAV| fileswere converted intoindividual frames(BMP
or TIFF format). Theseindividual frameswere enlarged in Adobe
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Ganymede

Figure 5. Master frames of Ganymede and lo.

Photoshop using the Batch option. In Photoshop atwofold bright-
ness enhancement was then applied to obtain better raw material
for the stacking programs. The new, enlarged frameswere stacked
automatically using Autostakkert2! or Registax 6.1.

Another, more laborious procedure to obtain the best framesis
employing manual selection followed by stacking with Autostak-
kert2! This procedure delivers a better result than the automatic
procedures. More details on the satellite surfaces are visible and
also an improved image of the shadow transitsis obtained.

Since the occultations and eclipses of Jupiter’s moons often
proceed very quickly, the number of framesthat can berecorded is
limited. In one minute, the moons move noticeably, solonger expo-
sure and stacking frames should be avoided, because thisleadsto
smearing and ultimately fewer details.

Optimisation of image quality

Hereisatypical example of the details of the processing proce-
dure, an occultation of 10 by Europa. Thisevent takesfewer than
4 minutes from first contact to last, so the number of framesis
limited. To obtain asmooth animation the total number obtained
in4 minutes at 60—100 frames per second (about 15,000—24,000
frames) was split up in blocks of 500 frames each (5-8 sec.). If
necessary the best frames were hand-sel ected, otherwise afixed
percentage of theframeswasused. Thisyieldsafew dozen stacks

Handselect 100 best frames
and masterframe

100 best frames

Figure 6. Example of the selection of the best frames recorded during the
partial eclipse of Callisto by Ganymede on 2014 Nov 25. The bottom rows
show examples of single raw frames. Note the presence of considerable
noise. After a slight blur procedure we hand-selected the best images (top
left). Next, the best 100 images were combined (top middle). Finaly, this
image was combined with 35% of a master frame (top right).
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at short intervals.

Processing of these stacks sometimes yields noisy images. To
obtain smoother images two different procedures were used.

The first procedure is to stack three adjacent frames and use
these stacksfor further processing. So, frames 1, 2 and 3 are com-
bined yielding anew frame 2, subsequently frames 2, 3and 4 are
combined to yield anew frame 3, etcetera. Thisreducesthe noise
by afactor of three without detectable smearing effects.

The second procedure to improve the signal/noise ratio is to
use so-called masterframes.

For this procedure many tens of thousands of frames are cap-
tured just before and after the mutual event. Subsequently, the
best frames are combined and processed, yielding final images of
high resolution and with very little noise (Figure 5). These master
frames are then combined at acertain percentage with theimages
obtained during the mutual event. The percentage of master frames
is kept as low as possible to maintain the natural look of the
images. In most cases only 25-35% is used as an overlay. The
master frames are carefully positioned in Photoshop or Registax
on top of the mutual event frames and eventually the two layers
arecombined (Figure6).

Results

Occultations

The first type of mutual events that can be distinguished is the
mutual occultations of the Galilean satellites. At the beginning of
the period of mutual events interesting close conjunctions some-
times occur, as described in the next paragraph. In addition two
examples of occultationswill be presented.

Close conjunction of Ganymede and Europa, 2015 Jan |

On 2015 Jan 1 a close conjunction of
Ganymede and Europatook place. The
minimum distance of only 0.03" was
reached at 01h 26.4UT. Despite poor
seeing the close passage was easily vis-
ible, as shown in Figure 7. The differ-
ence in size and brightness of the two
satellites is striking. Note the details
visible on the disk of Ganymede.

01.01.42UT

01.09.06 UT

Partial occultation of lo by Europa,
2015 Jan 7

On 2015 Jan 7 apartia occultation of 1o
by Europa occurred. The weather condi-
tions were very unfavourable. The see-
ing was mediocre, but most disturbing
were the clouds during the occultation.
The first 7 minutes occurred under clear
conditions, but after that the satellites
were only seen occasionally, dueto scat-
tered patches of cloud. This reduced the
qualityof theimages.

A photo report of this event is shown
inFigure 8. Theimageswere obtained by
stacking the best 100 framesand followed
by processing with Photoshop. The noise

01.12.24 UT

01.16.26 UT

01,2355 UT

01,26.24 UT

J. Br.Astron.Assoc. 126,5,2016

Figure 7. Close conjunction of
Ganymede & Europa, 2015 Jan 1.
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level was reduced and subsequently the
contrast was optimised. Master frames
were obtained by processing the AVIs
from the first 7 minutes of the observa-
tion session, when the occultation had Es )
not yet started. The raw stacks of the oc-
cultation were mixed for 35% with these
master frames. The master frames of |0 ™ - - »
and Europa show distinct details. They " f f >
demonstrate very well that with current
telescopes and cameras detailed images
can be obtained even from the Nether-
lands.

00.03.39 UT

e ®

21h52.4m

21h53.5m

@

21h54.5m
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21h55.5m

00.04.40UT
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22h00.7m 22h01.8m 22hD2.8m 22h03.8m

Figure 11. Europa occults and eclipses Ganymede, 2015 Feb 7 (image J. Sussen-
bach). Top: WinJUPOS simulation at 22:00.1 UT.

tation and an eclipse can take place during the same night. A good
example of such an event wasrecorded on 2015 Feb 12 (Figure 10).
It started with apartia occultation of Ganymedeby lo. Maximum
occultation occurred at 21:25UT.

About 15 min after the end of the occultation the shadow of o
reached Ganymede. M aximum eclipsewasreached at 21:46.5UT.
Note that the shadow shows an umbra as well as a penumbra.

lo partially occults Ganymede, 2015
Feb 19

On 2015 Feb 19 apartial occultation of
Ganymede by lo took place. Since the
surface brightness of 1o ismuch higher
than that of Ganymede the progress of
the occultation is easily seen (Figure
9). Maximum occultation was at
Figure 8. Partial occultation of 23:51UT. However, since lo is ml_Jch
lo by Europa, 2015 Jan 7. Master ~ Smaller than Ganymede alarge section

frames were used to improve the  of Ganymede remained uncovered.
image quality.

00.0829 UT

lo occults and eclipses Ganymede simultaneously, 2015

Feb 7

The nearer we approach the date of opposition the higher the
chance that simultaneous occultations and eclipses might occur.
Thiswasthe case on 2015 Feb 7, one day after opposition, whena
simultaneous occultation and eclipse of Ganymede by 1o took place.
Phenomena like these are rare, because they only occur near the
date of opposition.

In Figure 11 images of the events are presented showing the
approach of the two satellites. At 21:51.5 UT the two satellites
touch each other and subsequently the occultation of Ganymede
by lo starts. In the subsequent images the progress of the occulta-
tionisvisible. Theimage of 21:58.7 UT showsthat, while the oc-
cultation of Ganymede still continues, the shadow of |0 has also
reached Ganymede and eventually asimultaneous partial occulta-
tion and eclipsetakesplace at about 22:00.7 UT. Subsequently the
occultation by lo fin-
ishes, whiletheeclipse
still continues. At
22:03.8UT theeclipse
finishes also and from
then on the distance
between the two satel-
lites gradually in-
creases. In Houten
(Sussenbach’s location) the seeing conditions were quite good,
whereasin Siebengewald some 90km away whereKivitslived, they
were less favourable. Nevertheless even here it was possible to
capture the combined occultation and eclipse (Figure 12).

Combined occultations and eclipses around
opposition

lo occults and eclipses Ganymede, 2015 Feb 12

The 2015 opposition of Jupiter took placeon Feb 6 at 19::00UT. In
the period around the opposition date it is possible that an occul-

23h49m UT 23h51.5m UT

- = . L4 L -
. » & -

23h55m UT

A > 0

Figure 9. Partial occultation of Ganymede by lo, 2015 Feb 19.

Figure 12. Occultation and eclipse of Ganymede by
lo, 2015 Feb 7, midpoint 21:59 UT (image W. Kivits).

21h24m03s 21h45m27s

Eclipses

Q 12h25m05s 21h46m28s

Partial eclipse of Callisto by Ganymede, 2014 Nov 25

On 2014 Nov 25 a partia eclipse of Cdlisto by the shadow of
Ganymede took place. SER movieswererecorded using exposure
timesof 1 minuteat aframerate of about 35 framesper second. The

21h47m28s

®  21h26moss

Figure 10. lo occults and eclipses Ganymede, 2015 Feb 12. Top: WinJUPOS
simulations!® at 21:26.4 UT (left) and 21:46.4 UT (right).

J. Br.Astron.Assoc. 126,5,2016

resulting files were processed as described above. The 100 best
frames were stacked and slightly sharpened with Photoshop C2.
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Figure 13. Progress of the partia eclipse of Callisto, 2014 Nov 25. Top row: For
each frame the best 100 frames were stacked. Bottom row: Top row mixed with 50%  gigyre 16. Europa eclipses lo, 2015 Feb 22. Top: WinJUPOS simulation at
master frames. Times are in UT. WinJUPOS simulation at 03:06 UT. 02:45.2 UT.

(Osirisregion) near the South Pole, that in Figure 14 islocated at 6
o' clock, whereasin Figure 13 it islocated at about 7 o’ clock.

Partial eclipse of lo by Ganymede, 2014 Dec 21

On 2014 Dec 21 apartia eclipse of 10 by the shadow of Ganymede
took place. At the beginning of the eclipseit was so cloudy that no
recordings could be made. Only the second part ofthe eclipse was
recorded (Figure 15). Thistime the best 100 frames of each SER
Figure 14. Bottom: Partia eclipse of Ganymede by Callisto, 2014 Nov 25 mowewer_estacked andthen blendedwith 30% of amster f.rame'
(W, Kivits). Top: WnJUPOS simulation at 03:06 UT. ’ The seeing was worse than on 2014 Nov 25. Therefore, it was
not possible to detect many details on the satellite surfaces. Here

Subsequently, the contrast was increased. The resultisshownin  too, the penumbrawas indistinguishable from the umbra.
Figure 13. A remarkable amount of detail isvisbleonthesmall disk

of Callisto, whichisonly about 1.5 arcsecondsinsize. Theframes  Europa eclipses lo, 2015 Feb 22
show a good reproducibility of the different details. This event  On 2015 Feb 22 an amost total eclipse of 10 by Europatook place.

was chosen to demonstrate the meritsof hand selectionof images.  Europa is smaller than lo and so is its shadow. Therefore, a total
In the Methods section above on optimisation of images we

described how by using master
framesthe quality of thefinal im-
ages can be improved. For each
time point the best 100 hand se-
lected frameswere stacked, yield-
ing thetop row of Figure 13. 50%
of theimageswere then combined
with a master frame, as shownin
Figure 13 bottom row. Thisshows
clearly that the use of the master
frameshasvery little effect onthe
pattern of the details, but the sig-
nal/noiseratio hasimproved con-
siderably. Interestingly, inthisse-
ries the expected penumbra is
hardly noticeable. Apparently itis
so dark, that under these condi-
tions the penumbracan hardly be
distinguished from the umbra.
Another representation of the
@ eclipse of 2014 Nov 25 is shown
inFigure 14. Kivits started hisre- Ganymede
cording abit earlier sothat alarger
03.30.29 UT portion of the eclipse was re-
corded. Theorientationisdlightly
differentin Figures 13 and 14 be-

03.26.59 UT

Figure 15. Partial eclipse of lo by Gany-
mede, 2014 Dec 21 (J. Sussenbach & W.

: Figure 17. Ganymede eclipses Callisto, 2015 Feb 2. Top: simulation with
Kivits). After stacking, 30% masterframes ~ causeof theazimuthal mount used WinJUPOS; Middle: the actual image and Bottom: the Jovian system on

were used. by Kivits. Note the bright spot ~ 2015 Feb 2.
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Figure 18.

lo eclipses Ganymede, 2015 March 13. 35% master frames
were used. Top: WinJUPOS simulation at 23:31.3 UT.

eclipsewill never happen. However, thiswasaclosecall. Interest-
ingly, the eclipse showed a large penumbra, illustrated in Figure
16, which iseven more extended than the umbra. The maximum of
the eclipse occurred at 02:44.9 UT. Imaging of this phase is ex-
tremely difficult dueto the very faint imagein that stage.

Ganymede eclipses Callisto, 2015 Feb 2

Therelative sizes of the penumbraand umbravary from eclipseto
eclipse. It depends on the sizes of the satellitesinvolved and their
relative distances. An extreme exampl e took place on 2015 Feb 2,
when Ganymede eclipsed Callisto. Asshownin Figure 17, Callisto
isalmost completely eclipsed by Ganymede. However, the contri-
bution of the umbrais quite small asisalso shown inthe smula-
tion using WinJUPOS.

The bottom diagram in Figure 17 shows the reason for this.
Callisto and Ganymede are at opposite positions in their orbits
and the distance amounts to almost 3 million kilometres. In the
actual image, the umbraisslightly larger than expected and this
is probably due to turbulence in the atmosphere, which leads to
smearing of theimage.

lo eclipses Ganymede, 2015 March 13

On 2015 March 13 lo eclipsed Ganymede. The full shadow of o
reached Ganymede, but dueto thelarger size of Ganymedethisled
toanannular eclipse (Figure 18). The penumbrawas rather small.
Note the details recorded on Ganymede.

Discussion

Imaging and processing of mutual events

During the 2014/2015 apparition we were ableto capture about 30
different mutual eclipses and occultations. In this report we only
show a number of representative examples. In the future we will
present amore extensive study including photometric analysis. In
this report we have focused on the high resolution imaging as-
pects of our observations.

The results presented in this paper unmistakably show that
with medium-sized tel escopes mutual eventsin the Jovian system
can be recorded quite well at high definition. It is clear that the
weather conditions play a paramount rolein observing details on
the Jovian moons. Simultaneous recording with more than one
telescope, as described in this article, leads to better results.

J. Br.Astron.Assoc. 126,5,2016

In our studies we have used three different type of processing
procedures, viz. 1) automatic processing with Autostakkert 2! or
Registax 6.1; 2) hand selection of imagesfollowed by processing
with these two programs and 3) the latter in combination with the
use of master frames.

It is our experience that automatic processing of images of
the Jovian satellites using the programs Registax 6.1 or Auto-
stakkert2! is often not satisfactory and will not yield the most
detail from the recordings. Due to the small size of the objects
these programs have difficulty in discriminating between back-
ground noise and the structural information in the satellite im-
ages themselves. Therefore automatic selection based on im-
age quality is often not satisfactory with these programs and
yieldsmediocrefinal results, which leadsto apoor final image.
In this communication we demonstrate that hand selection of
images resultsin amore detailed and sharper final image. It isof
course atedious and time-consuming procedure, but it is cer-
tainly worth the effort.

In addition to manual selection of the best frames, which is of
course avery tedious procedure, we have introduced the use of so-
called master frames. Theseare high resol ution images of themoons
obtained by capturing many thousands of frames of the individual
moons briefly before and after aparticular mutual event. The origi-
na image of a stage of an occultation or eclipse is merged with a
fixed percentage of amaster frame. It is obvious that careful posi-
tioning of the master frames is essential and that the creation of
artefacts must be avoided. In the case of eclipses only those parts of
the master frames can be used that do not coincide with the penum-
braand umbra. This approach requires careful consideration.

Evaluation of the use of master frames and other process-
ing techniques

Asfar as we know the procedures described here to improve the
image quality have not been applied by other amateurs. In particu-
lar the use of master frames to improve the quality of the images
has not been reported before.

Itisinteresting that nowadays amateurs use different techniques
to improve the signal/noise ratio and to obtain high resolution
images. For thelast few years derotation of multipleimagesusing
WinJUPOShas becomewidely accepted to extend the application
of images obtained aduring alonger time span than the rotation of
aplanet normally alows. In general, the main part of the planet
shows quite nice details, but the borders in particular sometimes
show artefacts, due to the nature of this procedure.

Another method frequently employed to improve the resolu-
tion of imagesisthe use of multiplealignment pointsin processing
programs like Registax 6.1 and Autostakkert 2!. Although these
programs yield decent images it should be realised that they also
introduce some minor artefacts. This can be seen when, for exam-
ple, Jupiter images obtained with alignment points with various
different sized dignment areasare combined inasinglemovie. You
must not be surprised to see small bright details jumping a bit in
the multi-alignment frame. The reason is that the edges of the
aignment areas need to be stitched together, and this leads to
some deformation in the stitched areas. However, as long as it
stayswithin certain limitsit isacceptable.

Inthisreport we deal with theimaging of mutual events, that
often proceed so rapidly that only asmall number of frames can
be combined without resulting in smearing. We have introduced
the use of master frames to improve the signal/noise ratio and
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to enhance the resolution of the images. Merging the mutual
event frames with master frames must be performed in an ex-
tremely careful and exact way. If that is done we have found
that the images clearly demonstrate both an improvement in
resolution of detail and areduction in noise, without introduc-
ing disturbing artefacts.

In the case of eclipse images, merging near the shadow area
should be avoided to prevent the introduction of artefacts. Fur-
thermore, when the recordings of the eventswill be used for astro-
metric and photometric purposesthe master frame procedure should
not be applied. With these limitations and considerations in mind
and describing precisely how images are obtained, in our opinion
the use of master framesisauseful addition to the broad spectrum
of processing techniques currently available.

Application of occultation and eclipse data for accurate
position determination

In general, mutual occultations of Jovian moons can be recorded
at high resolution and this offers an opportunity to timethe start
and end of an occultation. Careful review of the video images
allows the times of contact points to be determined within an
accuracy of 15-20 seconds. We are currently investigating
whether photometric analysis of the videos might improve the
accuracy of timing.

Imaging of eclipses is more difficult due to the presence of a
penumbraand an umbra. Dueto processing and contrast enhance-
ment of theraw images, artefacts can easily beintroduced leading
to over or under representation of the penumbra. On the other
hand, eclipsesare often preferred for photometric timing, because
the magnitude drop is usually greater than for occultations, so the
midpoint can be determined more accurately. So, it dependson the
specific nature of the mutual event, whether it isauseful event for
measurement or not.

Photometric analysisof our videosisin progressand hopefully
it might improvethetiming of contact pointsand mid-points. Even-
tually, proper analysis and application of the data obtained with
high resolution imaging of these events might be very useful to
improve the calculation of the ephemerides of the Jovian system,
as has already been demonstrated by Arlot et al .4

Structural details on the Galilean satellites

We have demonstrated that with medium-sized telescopes, sev-
eral detailed surface features can be visualised, in particular on
Ganymede and lo. It isinteresting to compare albedo differences
in our images and the maps provided by NASA/JPL. Using the
WInJUPOS program we produced a simulation of Ganymede on
2015 January 1 (Figure 19). Several similarities can be detected,
although there are a so differences. It should be realised that the
JPL imageisbased onamosaic of
partial imagesand that thetwo im-
ages were obtained at different
wavelengths. We estimate that
resolution of the details is of the
order of 0.1 arcsecond.

Findly, weanticipatethat inthe
near futurethe possibilitiesfor ama:

WinJUPOS

@ @

ing 600 frames per second in different spectral windows, by reduc-
tion of seeing effects and preprocessing of images before stacking,
etc. In the last few years, one of us (WK) has performed extensive
studies on Jupiter’s moons and found that about one hundred sur-
face features are detectable on Ganymede, afew dozen on lo and
Callisto and perhaps adozen on Europa. Of course, thiswas under
excellent conditionsand using high resolution imaging. Also on the
Internet fine images of the Jovian moons are available. There are
four small worldstoimageand to explore, and in addition, every six
years there are these wonderful mutua eventsto enjoy.

Address (JSS): Meekrap-oord 3, 3991 VE Houten, The Netherlands [john@
jsussenbach.nl].

2016 February 23 at the age of 64. We extend our most sincere condolences

Editor’s note: We regret to advise that co-author Willem Kivits passed away on
to his family and colleagues.
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Figure 19. Left: Details on Ganymede,
2015 Jan 1, 01:06 UT. Right: A WinJUPOS
simulation using images from the Solar
System Simulator.12

teurs to produce high resolution
images will continue to increase
with, for example, cameras captur-
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