
STARDUST
Newsletter of the 
Royal Astronomical Society of Canada
Edmonton Centre

March 2021 Volume 67 Issue 7

The Cone Nebula, the star cluster NGC 2264 and surrounding nebulosity in the constellation Monoceros. Imaged by Tom Owen,
January 3 and 15th at Pigeon Lake using a Takahashi FS 102 refractor at F6, and the QSI Camera.Ha 168 minutes, and S2 and O3
150 minutes each, for a total of 7.8 hours. Processed in the SHO (Hubble telescope) palette using DSS and StarTools.
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RASC Edmonton Centre Contact Information see also http  s  ://edmontonrasc.com/contact  

Mailing address RASC Edmonton Centre On the web http  s  ://edmontonrasc.com  
788, 10301 104 St. http  s  ://www.facebook.com  
Edmonton, AB, T5J 1B9 https://twitter.com/EdmontonRASC
Canada http  s  ://www.youtube.com/user/edmontonrasc  

RASC Observatory 780-452-9100 x2249 https://groups.io/g/astro
at TWOSE

Stardust submissions: Submit articles by email to the editor (see above). Please include STARDUST or RASC in the subject so
your email doesn’t end up in the spam bin. Submission deadline is the 2nd Sunday before the monthly meeting; see following
page for dates. Any standard document file type is acceptable (MSOffice, OpenOffice, LibreOffice, et al.) but plain text is preferred.
Do not layout and format your article. Your labour will only be discarded. Submit clearly identified images/graphics as separate
files, do not embed them in the document; indicate captions and references to them within the text. Do not consider your article
successfully submitted until you receive a confirmation email from the editor.
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Events, Meetings, Announcements – see https://edmontonrasc.com/meetings/ for details

Regular Meetings are held monthly (see below) from September
to June at 7:30pm in T  ELUS   World of Science, 11211 – 142 St.  

Admission is free, and everyone is welcome to attend, member 
or not. Follow the signs from the main entrance.

Edmonton Area Astronomy Discussions
To subscribe, visit https://groups.io/g/astro

Council meetings are held monthly (see below) from September 
to May at 7:15 in room 5-003 of the CCIS  *   Building   on the U of 
A campus. Any RASC Edmonton member may attend.

* Centennial Centre for Interdisciplinary Science

ALL PUBLIC MEETINGS ARE 

ON-LINE

UNTIL FURTHER NOTICE

MEETINGS

* Indicates date bumped because of statutory holiday
AI = Astroimaging Community Café
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President’s Report by Tom Owen

As I  write  this,  gazing out  at  an  indistinguishable  Pigeon
Lake horizon, it appears March is coming in like a polar bear:
white and snowy and fierce.

And yet there is the promise of better days to come: the sun
is rising earlier and trending higher in the sky, and by the time it
gets dark Leo, the great constellation of Spring, has fully risen in
the East.

And  of  course  above  all  else  there  is  the  promise  of
vaccinations, and a resumption of our normal lives.

I’m  pleased  to  report  that  our  Club’s  membership  also
continues to rise: we now number 352 interested and interesting
souls. And at our last regular meeting 66 people joined—a fine

turnout.

I’m pleased but not surprised at our increasing membership
numbers:  we  are  relationship  driven  animals,  and  astronomy
offers us a relationship with the whole cosmos.

And through the Centre’s online media, email and Facebook
groups, workshops and meetings, we can deepen and strengthen
that relationship, not just with the Cosmos, but with like-minded
individuals. 

We may be physically separated, but, thanks to the Centre,
we need never be isolated.

Clear skies to all!

FOLLOW UP: Observing and Wondering About AR Cas - a Multiple Star System  by Luca Vanzella

See Stardust, Feb 2021, page 4 for the original article.

Dear Editor:

After the Feb 2021 issue of Stardust article went to press, I received an answer to a question I posed in article my AR Cas article
"Observing and Wondering About AR Cas".  I  had inquired with the  US Naval Observatory about the status of the  Washington
Multiplicity Catalog (WMC). Brian Mason said "Unfortunately, we no longer have staffing levels that will allow us adequate time to
work on the WMC. I don't visualize this changing in the near term." Sad news for multiple star hunters.

Northern Prairie Star Party 2021 by Rick and Susan Bramm, Co-ordinators

Looking Ahead – to Black Nugget Lake Autumn Viewing

Summer  camp  ground  reservations  in  Alberta
open up on March 1, including for Black Nugget Lake
Camp  ground  that  is  operated  by  Beaver  County
https://www.beaver.ab.ca/tourism/campgrounds/black-
nugget-lake.  This  is  the  location  of  our  annual
Northern  Prairie  Star  Party  (NPSP)  and  the  Black
Nugget Lake Observatory (BNLO). 

The 2021 NPSP dates are Tuesday, September 7 to
Saturday,  September  11.  The  COVID  -19  pandemic
remains a key factor  for  us in planning the program
and any onsite set up for this year’s NPSP. Essentially,
we like everyone else, are in a “COVID Fog.” We will
have to move cautiously forward, to ensure compliance
with provincial guidelines as well those in place from
RASC National. We are exploring various options, so
stay tuned for more details. 

Nevertheless, we have gone ahead and booked the
northern  part  of  the  camp  ground  for  use  by  our
members  and  potential  NPSP  attendees.  Even  if  we
cannot proceed with the "usual" on-site programming
and outreach  activities,  we believe—as occurred  last

year—that  many  will  appreciate  the  opportunity  for
early autumn personal astronomy. This will give new
members,  and those who have upped their observing
over the past year, a unique chance to camp for a few
nights under dark skies. 

If  you  are  interested  in  using  one  of  the  sites
during  the  reserved  time,  please  email  us  NPSP
coordinators  at  npsp@edmontonrasc.com indicating
the dates and site preference. We will allocate them on
a first-come, first-served basis and follow up with you
regarding  payment.  Last  year,  all  sites  used  by
members were paid for by them at the rates charged by
the  camp  ground  ($36  for  powered  and  $30  for
unpowered sites plus booking fee and GST). We are
able  to  cancel  site  reservations  five  days  before  the
event begins, at a nominal cost.

For reference, the map of the sites is found on the
Black  Nugget  Lake  Campground  site  at:
https://www.beaver.ab.ca/public/download/files/13298
4. Those we have booked are: 

(1) Powered sites Group Site 8 (may be renumbered to 9) and Sites 90, 91 and 92 (for four nights Wed. Sept 8 through Sat,
Sept 11), and 

(2) Unpowered Sites 93, 94, 95, 96, 98, 99,100, 102, 106, 107, 108, 110 and 112 (for two nights Fri Sept 10 and Sat Sept
11). 
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If you  wish to be out there before or after these days,
you  are  responsible  for  making  those  reservations
yourself. 

If  you  have  questions  or  require  more  information,
please  contact  us  via  email  at:
npsp@edmontonrasc.com. We look forward to hearing
from you!

Mars Perseverance Rover’s Cameras and the Prospects for making 3D Stereo Landscape Images by Rick Bramm

The Mars Perseverance Rover successfully landed in Jezero
Crater on February 18, 2021 and to this day appears to be in good
health. Many of us breathed a big sigh of relief the day it landed.
There  are  many  facets  to  the  mission  including  astrobiology,
geomorphology, geology, minerology, meteorology, climatology
and technology. One aspect that is sure to grab the attention of
the public are images of the desolate, alien, windswept, Martian
landscape. We can expect to view many beautiful panoramas as
the rover proceeds on its journey up and onto the nearby delta

remnant. 

There is another very different photographic opportunity as
well; and that is the chance to observe Jezero Crater, the delta,
ancient stream channels, small impact craters on Jezero’s floor,
sand dunes and rocks in three dimensions (3D) or stereo. This is
the subject of this article. Because NASA is publishing its many
rover images, all those interested can get into the 3D game.

Perseverance Rover Cameras – Which are Best for 3D Purposes?

The  Perseverance  Rover  has  23  cameras  (see  NASA
diagram below obtained from the  NASA website entitled “The

Cameras on the Mars 2020 Perseverance Rover”).  Which ones
will take the best 3D images? 

It makes sense that the Mastcam-Z and Navcam cameras on
the Remote Sensing Mast (RSM) would be good choices since
they  have  the  best  vantage  point.  According  to  the  NASA
website entitled “Mastcam-Z” the camera system is:

Mounted on the rover mast at the eye level of a 6½-foot-tall

person (2 meters tall). The cameras are separated by 9.5 inches
(24.2 centimeters) to provide stereo vision.

The twin Mastcam-Z cameras  are flanked by the Navcam
cameras (see image below; NASA JPL PHOTOJOURNAL entry
PIA24426) that are separated by 42.4 cm (stereo baseline)A.. 
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Comparison of the Two Camera Systems

Depth Perception The average pupillary distance for humans is 
6.3 cm 3, therefore; the stereo baseline of the Mastcam-Z cameras
is 3.84 times the average for humans, and the Navcam cameras 
are 6.73 times the human average. As a result, both these camera 
systems provide for much better binocular depth perception than 
humans. 

Image Size (megapixels, MP) Mastcam-Z images downloaded
from  the  NASA  MARS  2020  MISSION  PERSEVERANCE
ROVER website are 1648 x 1200 (1.98 MP), while those of the
Navcams are 1280 x 960 (1.23 MP).

Camera Purpose

The  Mastcam-Z  is  described  as  a  science  camera  and
consists of a “pair of cameras that takes color images and video,
three-dimensional stereo images and features a powerful zoom
lens.” 4 

More  specifically:  “Mastcam-Z  is  a  multispectral,
stereoscopic  imaging investigation on the Mars2020 mission’s
Perseverance rover. Mastcam-Z consists of a pair of focusable,

4:1  zoomable cameras  that  provide  broadband red/green/blue
and narrowband 400-1000 nm color imaging with fields of view
from  25.6°×19.2°  (26  mm  focal  length  at  283  μrad/pixel)  to
6.2°×4.6° (110 mm focal length at 67.4 μrad/pixel).” B

The  Navcams  are  colour  cameras  designed  to  assist  in
autonomous navigation. 4 

Example Images:

Navcam, with considerable distortion. Mastcam-Z

Conclusion: Based upon experiments, it is concluded that it is much easier to create good stereo pairs using Mastcam-Z images.

Finding Suitable Images on the NASA Perseverance Rover Website

At the time of writing this article, the Perseverance Rover
website has more than 7,000 images that can be downloaded. Of
these, only a select few are suitable for making 3D images. The
rover website offers a quick way to find useful images. 

Go  to  MARS  2020  MISSION  PERSEVERANCE  ROVER
website  (see end notes)  > Multimedia menu > Raw Images >
Filters  (sort  by  Dates or  Latest  Images),  Image Type check
Raw, Science Cameras check Mastcam-Z Left and Right

These criteria assist in selecting good candidate Mastcam-Z images for creating 3D images. The images:

● shouldn’t include the rover (too close)
● should be interesting – the more features the better
● should both be in focus
● should have good overlap between left and right images
● not have many very bright areas (bright rocks show bleed-through)

Note: only attempt 3D panoramas for horizon shots – in other words the cameras are more or less level; otherwise, you will encounter
intractable geometric distortion problems.
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Saving Images and Documentation

It  is  good  practice  to  download  the  Full  Caption
documentation associated with each selected image. The caption
identifies whether it is a left or right image, and precise time of

acquisition  (date,  Sol,  and  local  mean  solar  time).  This  is
especially helpful given the inscrutable image file names.

Making a Stereo Pair – The Stereo Window and Image Registration

There are many ways to view 3D images and videos. The 3D
images in this article  are called anaglyphs and require 3D red
cyan glasses to view them correctly (see the Wikipedia article
Anaglyph  3D  for  a  detailed  background;  if  you  don’t  have
glasses use the query in Google - buy 3D glasses). 

The  selected  left  and  right  images  have  to  be  properly
registered both vertically and horizontally to work. The vertical
registration component is easy to understand; a rock or hilltop in
both images should be the same vertical distance between the top
or  bottom  of  each  image.  The  horizontal  registration  can  be
understood by imagining looking out a window to a scene such
as a natural landscape outside. Because we have two eyes and
binocular depth perception, we have a strong impression that the
outside world is beyond the window and its frame. To view a 3D
landscape  properly  we  have  to  duplicate  this  experience.  It’s
called the Stereo Window. To recreate the natural experience of

looking out  a  window in a  3D image,  the images  have  to  be
moved horizontally until the corresponding point closest to the
cameras in both images, like a Martian pebble, lie one on top of
the other.

The missing ingredient to the above-described process is a
computer program that makes 3D anaglyphs. The MAC program
used to make the anaglyphs below is called Anaglyph Workshop.
A quick Google search reveals that there are Windows anaglyph
makers and in addition, 3D anaglyphs can be made in Photoshop.

One  last  point.  Anaglyph  panoramas  can  be  made  if
appropriate  Mastcam-Z  images  are  available,  two overlapping
lefts and two overlapping rights covering approximately the same
area, and they are long distance horizon shots.

Martian 3D Anaglyph Landscapes – Jezero Crater

Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 22, 2021 (Sol 4) at the local mean solar time of 14:31 to 14:32.
Component Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm
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Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 24, 2021 (Sol 4) at the local mean solar time of ~ 14:38. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm.

Stardust March 2021 8



Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 24, 2021 (Sol 3) at the local mean solar time of ~ 15:30. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm

Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 22, 2021 (Sol 2) at the local mean solar time of ~ 16:03. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm.
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Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 21, 2021 (Sol 3) at the local mean solar time of ~ 16:12. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm.

Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 22, 2021 (Sol 4) at the local mean solar time of ~14:36. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm.
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Mars Perseverance Rover Mastcam-Z Images (above) - Feb. 21, 2021 (Sol 3) at the local mean solar time of ~ 15:21. Component
Image Credit: NASA/JPL-Caltech/ASU. 3D Anaglyph Credit: Richard Bramm.

Referenced Websites

1. “The Cameras on the Mars 2020 Perseverance Rover” https://mars.nasa.gov/mars2020/spacecraft/rover/cameras/
2. “Mastcam-Z” https://mars.nasa.gov/mars2020/spacecraft/instruments/mastcam-z/
3. “What is pupillary distance and how do you measure it?” All About Vision - 

https://www.allaboutvision.com/eye-care/measure-pupillary-distance/
4. Every camera on the Mars Perseverance rover from NASA explained, Digital Camera World - 

https://www.digitalcameraworld.com/news/these-are-all-the-cameras-on-nasas-mars-perseverance-rover

Referenced Articles

A) “The Mars 2020 Engineering Cameras and Microphone on the Perseverance Rover: A Next-Generation Imaging System for 
Mars Exploration” by J.N. Maki et.al. - Space Science Review (2020) 216:137

B) “The Mars 2020 Perseverance Rover Mast Camera Zoom (Mastcam-Z) Multispectral, Stereoscopic Imaging Investigation” by
J.F. Bell III et.al. - Space Science Review (2021) 217:24
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