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This resource is for Santa Cruz’s Asteroid
Occultation Team

* However, newbies everywhere will probably find something of
value too.

* | keep a webpage for every asteroid occultation attempted, and it
nas my own observations, and that of my team members as'well.

* | also have an annual summary website page which links to each
nage.

* My goalis to be able to instantly go back to any eventand find out
what| did and if there’s anyissues needing addressing, and also
as a good record for-others, like students, to see how this science
Is done.



Other Links of Use for New Asteroid
Occultation Observers...

* https://groups.io/g/IOTAoccultations/topics thisis the
International Occultation Timing Association’s very active
message board for observers and all things asteroidal.

* | make a public webpage with light curves etc for.every event.our
team tries. | also have a few sentences summary for each; and for
2025 that’s here

* https://www.dr-ricknolthenius.com/events/past/past25.html

* My ‘Events’ page is my day planner, and mostly has asteroid
events. At the top is links-to MANY useful places

* https://wwaas@liEsricknoltherAius:com/events/evindex.html



https://groups.io/g/IOTAoccultations/topics
https://www.dr-ricknolthenius.com/events/past/past25.html
https://www.dr-ricknolthenius.com/events/evindex.html

PyMovie / PyOTE Installation on a PC

)

* None of what | show here may apply for Mac’s. I’'m nota “mac person’
so won’t be able to help you on that. | assume you have a Windows 10
PC. Probably Win11 works the same.

* | assume you have installed the software above. But briefly, if not, this
IS a 4-step process. Super brief condensation... (see IOTA web_for
details)

* 1. You Install the Python Programming Language. This is free, but
does take some steps. Instructions link at the IOTA site

* 2. You Install PyMovie
* 3. You Install PyOTE

* 4. You look for the latest update(s) and install those, using the
command “>pip install==pymovie 3.9.5” (or whatever is the latest
version), on a CMD line in Windows



First, | click on my .avi video of the event,
saved on my external HDD, so it’ll play.

* This should open it up in Windows
Media Player, or something similar.

* | play it, which has an audio channel
too, and jot down on paper ...

1. The start UT time to nearest
second

2. The integration setting from my
live comments, any other settings
and observing conditions, exact
description of where | was...

3. My location, in case I’ve forgotten,
so later | can go to Google Earth and
get my long/lat/elevation

* 4. The end time of the recording

20250123Morgado



Next, | click on my Desktop Short-Cut to Open
PyMovie (image below is part of my Win10
desktop)

* |t’ll take a few
seconds foryour
computer to launch
Python andyou’ll see
some command line

~ things flow by,

" e And then you’ll see

| the opening screen
for PyMovie...




Here’s the Opening Screen for PyMovie as of Jan 2025

Version Info | File:

Examine/change aperture settings 21 ~ Select aperture size
10 100 Set mask threshold (mskth) counts above background (bkavg) | 0 =

Show image contrast control

Make contrast setting "sticky”
@) top field is first in time m

m field is first in time

This splash screen can be disabled on the Misc. tab.

ey iokler e samp LB S Dark: What's new with this version:

Full support for Raw Astro Video Format files (.ravf) which are used in ASTRID has been added.

C| The ASTRID camera system is designed by Mark Simpson and incorporates a Raspberry Pi (currently version 4) and a custom camera board. Using the Raspberry Pi, plate-solving is included,
- greatly simplifying observation setup for GoTo mounts and prepoints.

More information about ASTRID can be found here:
hitps://github.com/ChasinSpin/astrid
Previously:
Avideo archive feature is now available. It operates by writing selected apertures frame by frame to a FITS frame folder during light curve extraction. Apertures are selected by including the

string ‘archive’ anywhere in the aperiure name.

==  Saving only aperiure data results in @ much smaller video file to be archived. For example, the number of bytes in a 31x31 aperture is less than 0.3% of the number of bytes in a 720x480 video
| frame

When multiple apertures are selected, they are placed in a strip and written fo a FITS file together with timestamp data and a ‘legend’ that gives the name of the aperture at each position in the
strip.

It is recommended that a 31x31 aperture be used at a minimum. This would allow a 21x21 aperture to be placed on the archived apertures for TME extraction during a reprocessing run.

Typically, one would archive the target aperture, the tracking aperture. and a reference aperture at a minimum. pl = fr 1

i +1sec | +10

W

ec | ==

The archive folder can/should be zipped to get maximum compression as FITS files have repetitive meta data in each frame. e mark Back to 'mark’ deacidota

o e

Even more previously:

Home directory: C:
\Users\drrick\AppData\Local\Packages\PythonSoftwareFoundation.Python.
3.10_gbz5n2kfra8pl\LocalcCache\local-packages\Python310\=ite-packages\pymovie

pyote available: True

VTIlist loaded from C:
\Users\drrick\AppData\Local\Packages\PythonSoftwareFoundation.Python.
3.10 gbzbn2kfra8pl)\LocalCache'\local-packages\Python310\site-
packages\pymovie\vtilist-4.1.5.p

¥You are running the most recent version of PyMovie

Right-click here for info Thumbnail One (right-click here for info) Thumbnail Two (right-click here for info)



“x-out” the “help” box, and then we get to work...

Your first click, is at the top of the choice boxes in the middle:

“Open AVI/... File” . That will bring up a box for you to navigate to where your video file
Is (next slide)

Version Info | File:

Examine/change aperture settings 21 ~ Select aperture size

Threshold spinner increments: 1 (@) 10 100 Set mask threshold (mskth) counts above background (bkavg) | 0
Show image contrast control
Make contrast setting "sticky”

"

246 < sat. pixel value

Plot Robust Mean
File/Folder | Timestamp  CCD tools Dark/Flat | “finder” Image/Plot ~ WCS  Help Pref. Median/Misc ~ CMOS tools

Open AVI/MOV/SER/ADV/AAV/RAVF file

Select AVI/MOV/SER/ADV/AAV/RAVF-WCS folder

Select FITS folder

Show FITS/SER/ADV/AAV/RAVF file metadata

Display frame metadata for ADV/AAV/RAVF frames

Open "finder" image

Apply corr analyze pause | > | +1fr

auto-run PyOTE | write csv | plot | current frame:| 0 E|oO :stop frame mark Back to 'mark’ clear data

e e

Home directory: C:
\Users\drrick\AppDataLocal \Packages\PythonScftwareFoundation. Python.
3.10_gbz5n2kfra8p0\LocalCache\local -packages\Python310\site-packages\pymovie

pyote available: True

VTIlist loaded from C:
\Users\drrick\AppData\Local\Packages\PythonSoftwareFoundation.Python.
3.10_gbz5n2kfrafpl\LocalCache\local-packages\Python3dl0\site-
packages\pymovie\vtiList-4.1.5.p

You are running the most recent version of PyMovie

Right-click here for info Thumbnail One (right-click here for info) Thumbnail Two (right-click here for info)




For an example, I’'m going to reduce my video for
the Morgado occultation of Jan 22/23, 2025

Navigateto whereyourraw .avivideos are. It should default to the last place

* | keep all my videos on an
external HDD as they take
up far more disk space than
| want to use on my internal
PC hard drive.

e That means that the
software will also default to
deposit its new files and
new folders on the external
HDD too, whichis indeed
what we want.

Version Info | File:

Examine/change aperture settings | 21 ¥ Select aperture size

p

Threshold spinner increments: 1 (@) 10 100 Set mask threshold (mskth) counts above background (bkavg) | 0 =

Show image contrast control

Make contrast setting "sticky"
® 246 5 sat. pixel value

i
Fileffolder | Timestamp =~ CCDtools — Dark/Flat | “finder"  Image/Plot  WCS  Help Pref e . 1 > ThisPC > One Touch (D) »
Open AVI/MOV/SER/ADV/ARV/RAVF file X
QOrganize ~ New folder

3t Quick access

[ Desktop

Select AVI/MOV/SER/ADV/AAV/RAVF-WCS folder

Select FITS fold
2 s} & Downloads
Show FITS/SER/ADV/AAV/RAVF file metadata = Documents
=/ Pi
Display frame metadata for ADV/AAV/RAVF frames s
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Open "finder” image 20250118-1997UN10
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Home directory: C: & OneDrive
\Users\drrick\AppData\Local\Packages\PythonSof twareFoundation. Bython.
3.10_gbz5n2kfraBp0\ LocalCache\ local-packages\Python310\site-packages\pymovie 2 This PC
pyote available: True @ One Touch (D7)
VITlist loaded from C:
\Users\drrick\AppData\Local\Packages\PythonSof twareFoundation. Python. W Network

3.10 gbeSn2kEradpl)LocalCache)\local-packages\Python310\site-
packages\pymovie\vtilist-4.1.5.p

ugustus

20250124-2000A
234

ricksg > OccVids v O  Sea

20250116Leungk
amcheung

32 a

|
uf
g
-l
|
s s

20250120Lilaea

N10 D35 Jrk | Back to 'mark’ dear data

20250129-5x33xc DeltaT
ompare

| &

202501295terken

Leppe128Test

You are running the most recent version of PyMovie File name:

V| |avifmov/serfady files (*.avi £mc v

Right-click here for info

Open Cancel

ere for info)



Click on your .avi to open it. The little box in the middle
Informs you it will now create a folder to hold PyMovie’s and
PyOTE’s results; by default in the same folder that has your

.avi file —which is what we want. Just click on “ok™ and it goes

group g Examine/change aperture settings 21 v Select aperture size
Thresheld spinner increments: 1 (@) 10 100 Set mask threshold (mskth) counts above background (bkavg) 0o =
View avi fields Show image contrast control

Process avi in field mode Make contrast setting "sticky”

®) top field is first in time 246 + sat. pixel value

bottom field is first in time Plot Robust Mean

File/Folder Timestamp CCD tools Dark/Flat "finder" Image/Plot wes Help Pref. Median/Misc CMOS tools

Open AVI/MOV/SER/ADV/AAV/RAVF file

Select AVI/MOV/SER/ADV/AAV/RAVF-WCS folder

Select FITS folder

AVI/SER-WCS folder will be created in: D:/ricksg/OccVids

Show FITS/SER/ADV/AAV/RAVF file metadata
Folder name: 20250123Morgado

Display frame metadata for ADV/AAV/RAVF frames

oK Ea

Open "finder” image

03:12:31

Apply corr << |-10sec | -1sec |-1ff | < analyze pause | > | +1fr | +1sec | + 10sec | >>

auto-run PyOTE | write csv | plot | current frame: 0 E | 4957 :stop frame mark Back to 'mark clear data
Home directory: C:
\Users\drrick\AppData\Local\Packages\PythonSoftwareFoundation.Python.
3.10_gbz5n2kfraspl\LocalCache\local-packages\Python310\site-packages\pymovie
Opened: D:/ricksg/OccVids/20250123Morgado.avi
FOURCC codec ID: dvsd
frames per second:25.000000
There are 4958 frames in the file.
image shape: width=720 height=576

Right-click here for info Thumbnail Two (right-click here for infa)



Then it gives this screen. You’ll see each of the two fields that constitute the first frame of the
video: Our .avi frames consist of two “fields”; one field= the even rows of pixels, the other field=
odd rows. It should automatically note that the bottom field has the earlier UT time (see on
video the fractions of a second are earlier (.1248) than the top field’s .1448) and fill the “bottom
field is first in time” that you see on the left of the PyMovie screen below.

Version Info | File: 20250123Morgado.avi

Save aperture group Restore aperture group Examine/change aperture settings 21 v Select aperture size

Threshold spinner increments: 1 ‘@) 10 100 Set mask threshold (mskth) counts above background (bkavg) 0

v View avi fields
Process avi in field mode
top field is first in time

@, bottom field is first in time

File/Folder | Timestamp CCD tools Dark/Flat "finder" Image/Plot  WCS Help

Open AVI/MOV/SER/ADV/AAV/RAVF file

Show image contrast control
Make contrast setting "sticky”
246 5 | sat. pixel value

Plot Robust Mean

Pref. Median/Misc CMOS tools

1338 B T66

Select AVI/MOV/SER/ADV/AAV/RAVF-WCS folder

Select FITS folder

Show FITS/SER/ADV/AAV/RAVF file metadata

Display frame metadata for ADV/AAV/RAVF frames

Open "finder” image

No target star location found in the folder.

upper field timestamp:[03:12:31.1848] time:11551.1848 =cores:97 98 98 98 48
98 31 24 20 23 98 97 98 97 sum: 1081
lower field timestamp:[03:12:31.1648] time:11551.1648 scores:9%1 98 98 98 98
98 98 97 98 97 36 31 26 29 sum: 1098

Detected bottom field is first in time

Apply corr << | -10sec | -1sec | -1fr | < analyze pause | > | +1fr  +1sec | + 10sec | ==

auto-run PyOTE | write csv | plot | current frame: 0 E | 4957 :stop frame mark Back to 'mark’ clear data



UlNcuck e view avi rietd Dutton atiar ettt ana Cuck on srnowirmage contrast
control” (middle) and you’ll see view below, showingthe first full frame... Note
each frame has a UT time stamp (bottom left information box); it has successfully
OCR’d your VTI timing numerals. (If not, you see UT=0’s (zeros) and you’d need to
OCR-train PyMovie)

28U
Version Info | File: 20250123Morgado.avi [ ]
Save aperture group Examine/change aperture settings | 21 ¥ Select aperture size 260
Threshold spinner increments: 1 (@) 10 100 Set mask threshold (mskth) counts above background (bkavg) | 0 - 240
View avi fields | Show image contrast control 220
Process avi in field mode Make contrast setting "sticky”
200 —
top field is first in time 246 +  sat. pixel value
_ L 180
@) bottom field is first in time Plot Robust Mean
. 160
File/Folder | Timestamp  CCDtools — Dark/Flat  "finder”  Image/Plot =~ WCS  Help  Pref.  Median/Misc =~ CMOS tools
Open AVL/MOV/SER/ADV/AAV/RAVF file 140
S 120
Select AVI/MOV/SER/ADV/AAV/RAVE-WCS folder 1008
Select FITS folder 80
Show FITS/SER/ADV/AAV/RAVF file metadata e
Display frame metadata for ADV/AAV/RAVF frames Fg 40
Open "finder" image 03 = 1 2 - 3 1 20
20 e
Apply corr << | -10sec | -1sec | -1fr | < analyze pause >  +1fr | +1sec +10sec | >>
auto-run PyOTE | write csv | plot | current frame:| 0 E | 4957 |stop frame mark Back to 'mark clear data

98 98 97 98 97 36 31 26 29 sum: 1098 =
Detected bottom field is first in time

upper field timestamp: [03:12:31.1448] +time:11551.1448 scores:97 98 98 98 98
98 28 24 32 25 97 98 97 96 sum: 1090
lower field timestamp:[03:12:31.1248] +time:11551.1248 scores:%2 98 98 98 98
98 98 98 98 97 28 31 28 30 sum: 1096

upper field timestamp: [03:12:31.1448] time:11551.1448 =scores:97 98 98 98 98
98 28 24 32 25 97 98 97 96 sum: 10590
lower field timestamp:[03:12:31.1248] +time:11551.1248 scores:92 98 98 98 98
98 98 98 98 97 28 31 28 30 sum: 1096

Right-click here for info Thumbnail Two (right-click here for info)



If you need to OCR-train PyMovie...

* ...you needtodoitjustonce for a given IOTA VTI, then you can save
the “profile” and it’ll just automatically use it for future reductions.

* To OCR train your PyMovie, go to the IOTA website explaining and
linking to videos on how to do that. Basically you move around
boxes until they sit squarely on your numerals; and tell it what
example numberis in each box. You haveto tellit what“1”is, “2”1s,
etc through “9” on your particular VI If you don’t have a VTlbut
have some other way to time stamp your frames, then you cando a
“manual time stamp” on two of your frames later, iIn PyOTE. It’ll
Interpolate/extrapolate the other frames and put times on all of
them —in PyOTE.

* |If you need to do a “manualtime stamp” in PyOTE, then just let the
UT=0’s remain for now. So... we go Onward...



Now click on the contrast vertical graph on right side of last slide’s image, and use your mouse to grab and adjust the
top and bottom levels to maximize visibility of your stars. It may increase sky noise too. In order for this new contrast
setting to stick, you immediately have to Unclick the “show image contrast control” box. When you do, the vertical
contrast bar will disappear, as it has below. Don’t contrast so far as to saturate needed pixels.

Restore aperture group Examine/change aperture settings 21 ~ Select aperture size
100 Set mask threshold (mskth) counts above background (bkavg) | 0 =
Show image contrast control
Make contrast setting "sticky”
246 +  sat. pixel value
Plot Robust Mean
Dark/Flat "finder” Image/Plot WCS Help Pref. Median/Misc CMOS tools

Open AVI/MOV/SER/ADV/AAV/RAVF file

Create AVI/MOV/SER/ADV/AAV/RAVF-WCS folder from file

Select AVI/MOV/SER/ADV/AAV/RAVF-WCS folder

Select FITS folder

Show FITS/SER/ADV/AAV/RAVF file metadata

Display frame metadata for ADV/AAV/RAVF frames

Open "finder" image

Apply corr << | -10sec | -1sec | -1fr | < analyze pause >  +1fr +1sec + 10sec | ==

auto-run PyOTE | write csv | plot | current frame:| 0 E | 4957 |:stop frame mark Back to 'mark’ clear data

eiand o TALE N Tt e R e D



Now look at the row of tabs along the middle of the control panel, and
click on the “median/misc” tab. Then click on the “apply line noise
median filter” and below that, “apply horizontally and vertically”

) 100

upper timestamp limit | 0
lower timestamp limit | 0

Show Median Profile

Examine/change aperture settings | 21

Set mask threshold (mskth) counts above background (bkavg) | 0 v

yellow mask = default

Show 3D thumbnail

manual work-folder selection
TME 3x3 search grid

TME 5x5 search grid

y TME 7x7 search grid

v Select aperture size

Show image contrast control

Make col

ntrast setting "sticky”

Plot Robust Mean

ﬂﬂﬂﬂﬂﬂﬂ

* Why? Because the Watec 910hx uses separate

amplifiers for each one of the hundreds of
columns of pixels, and they don’tall amplify
Identically. This means the pixel intensities even
on a perfect flat field, will show vertical and/or
sometimes horizontal banding-due to varying
sensitivity.

The median filtering will do a flat field in a way
which prevents any dead (value=0) pixel clusters
from divide=ruining the photometry result.

| regard this step as now essential for
maximizing the signal/noise for my own and
others, for our Watec’s



To See the Vertical or Horizontal Banding...

* Inside PyMovie do a “Fourier Finder” and look at the result. The
displayed image will now be very smooth in the background-sky,
as the stacking of frames averages out the frame-to-frame random
read-out and sky noise that is also an artifact andnot real. That
“snow” of background is noise. It is random noise.

* The “systematic errors™are what we are trying to now remove. The
most obvious in my Watec is the vertical banding. It maybe subtle
In your finder. To show it better, adjust the contrast bar by pulling
up the bottom and pulling down the top.



On My Finder Below... you see two issues: Vertical banding, and
also the left side of the chip has a brighter background than the
rest of the chip. This too should and will be gotten rid of by
median filtering.



What the median vertical filtering does is this:

* It finds the median value of all the pixels in a column, for all columns..
then finds the median of all those median column values. It then divides
each of those column medians into the median of all columns.

* It then uses the correction factors thus generated, to correct each pixel.
It thus removes the vertical banding by enforcing thateach column
amplifier now be operating the same.

* This is the correct thing to do. There is no imaginable reason why a
legitimate flat field should show verticalbanding if perfectly executed
with perfect pixels. The real sky does not DO vertical banding, nor
horizontal either.

* This process is not blurring-over “reality”, as one person felt it might be
doing. Itis forcing the imperfect hardware and firmware to represent a
key aspect of obvious reality —that vertical orhorizontal banding is a false
artifact and not real, so don’twreck yourdata by letting the imperfections
of the hardware/firmware let such banding remain unchallenged.



If your target or reference stars are faint, you'll want to
place your apertures on a “finder” field. A “finder” is
basically a stacked set of frames which minimizes the
sky noise seen on individual frames.

e Click onthe “finder” tab.

* Click on “redact” and-use 0,
111, or perhaps 0,100 asthe
fileld rows to remove from
consideration. We want to
exclude the numerals and
only see stars.

Open an existing "finder”

pppppp

m: 1096



It’ll ask you if the time stamp is removed. You see in my example, the answer will
be ‘yes’. Fiddle with your redact numbers until the time stamp is removed but not
much above the time stamp is removed. Not critical how many frames to stack. A
few dozen is fine. Then click ‘Make “finder” via Fourier Align”. This will then spend a

few seconds stacking frames and...

avi
Examine/change aperture settings | 21 ~ Select aperture size

-

) 100 Set mask threshold (mskth) counts above background (bkavg) 0
Show image contrast contral
Make contrast setting "sticky”

246 S sat pixel value

Plot Robust Mean

Is  Dark/Flat | "finder" | Image/Plot WCS = Help  Pref.  Median/Misc =~ CMOS tools

Help: align to star Help: 2 point track Help: Fourier align
redact: top 0 122 bottom

num frames: |66

Make "finder" via star align Make "finder" via Fourier align L

Open an existing "finder” e Is the timestamp data completely removed? B

0%

Apply corr << | -10sec | -1sec | -1fr | < analyze pause > +1fr +1sec +10sec | =>

auto-run PyOTE | write csv | plot | current frame:| 0 E | 4957 :stop frame mark | Back to 'mark’ clez



...show you the result, which should be a very smooth sky except for the banding, and perhaps the
left side being brighter, as we talked about. Those will be corrected for when you do ‘analyze’ and
the median filtering you specified takes effect. You may want to click on the ‘showimage contrast
control” again and adjust that to maximize the visibility of your stars. Unclick “showimage
contrast” and the control at far right will disappear and the contrastview stay.

ado.avi

Restore aperture group BExamine/change aperture settings | 21 ¥ Select aperture size

10 100 Set mask threshold (mskth) counts above background (bkavg) 0

Show image contrast control

Make contrast setting "sticky"

246 + sat. pixel value

Plot Robust Mean

‘tools | Dark/Flat | "finder" | Image/Plot  WCS = Help  Pref.  Median/Misc =~ CMOS tools

Help: align to star Help: 2 point track Help: Fourier align
redact: top 0 | [122 bottom
num frames: |66
Make "finder” via star align Make "finder” via Fourier align
Open an existing "finder"
0%

Fourier aligned finder being displayed: fourier-00000.fit

-

Apply corr << || -10%ec | -1sec | -1fr | = pause >  +1fr +1sec +10sec | ==

analyze

auto-run PyOTE | write csv | plot | current frame: 0 E | 4957 :stop frame mark | Back to 'mark’ dear data



Now it’s time to click on your selected stars... first, | go
backto my own “planning page” which shows the Watec
chip image of the field, (chart“LCD”; the square one) so |
can see where my target star+asteroid is.

The Occultation of a W=11.8 Star by Asteroid Morgada

Wed eve Jan 22, 2025 at 7:14:26pm
OWc page

This is a decent event. Bright enough that the 0.6s duration should be detectable without much trouble. Try for 2x if p«
can get inside the path at the SC Lighthouse, and almost as good is Natural Bridges Rd. But the duration will no doubt

7Thi7 48s-.
. +14323 55

* Momada

Results:



What is “Aperture” vs. “mask”? — Can be
confusing...

Apply corr << |-10sec|[-1sec|-1fr| < analyze pause | > | +1fr | +1sec + 10sec >>

=run PyOTE write csv | plot | current frame: 0 E | 4957 :stop frame mark | Back to ‘'mark'’

mask size/
“aperture”
'7

apOD/ hame (nOt SEt VEt here) Thumbnail Two (right-click here for info)




Selecting aperture (box) size and mask (which
pixels will measure starlight) sizes...

* | used to think that it was best to make your mask size big enough to ensure thatevery
target photon was counted. | came to realize - No — the best S/N is given by minimizing
the sky noise inside your mask, and that means making sure your mask nooses up
tightly around your visible star image, with few dark pixels around the edges.

* For our 8SE scopes and /6.3 or /3.3 reducers, that typically means a mask size of 2 -4
pixels. If seeing’s bad, 3.2px or more is OK; and if the seeingis good, then-usually 2.4px
Is optimal. You could even go about it laboriously by, inthe choice boxyou’ll see soon,
doing 12 apertures around the target all at the same-time, and then look at the result for
each and see which one gives the best S/N.

* You should decide your “aperture size” first. It’s the size of the box thatwill contain your
mask and if the star wanders outside the box then the mask loses-it. If it stays inside
the box, it will find it. Set your box small to exclude other nearby stars. | have mine
default at setting=2.1. If you change the aperture size, that aperture will disappear and
you have to place itagain. But for mask sizes...

* You can change your mask size even after you’'ve-set masks around all your chosen
stars, by going into the “examine mask size” tab. But whatever numbers are set inside
those boxes becomes the default used for new apertures until you change it again.



There’s a wide choice on what a right-click on a star does.
Here’s the menu. For most well-behaved tracking
situations, the best choice is “add static (fixed circular)

b3/
mask aperture * But if the star is not well focused but otherwise
no breeze or jerky tracking, then it’s probably best
to use a “add TME snap-to aperture-mask”. This
will find the best shaped aperture for the average
shape of the target star in your finder image. You
MUST first be on a “Fourier finder” |f you want to
use this choice. It’lLwarn you if you’re not on.a

finder.

* If there’s avariable breeze that jerks-the image
around-sometimes but not always, then it’s best
to use a “add dynamic aperture mask” which will
determine the best non-circular mask for each
frame individually; this will be slower processing.

* Whatever you choose, do the same for all other
stars too. For “no-star”, always use a circular

fixed mask




Use your mouse wheel to zoom in on your target star, and
very carefully right-click on the center brightest pixel. The
box you see below will pop up and it’ll ask for a name. |

always call it “target” and you should too.

box around It.

It shows a green

sion Info | File: | 20250123Morgado.avi

Save aperture group Examine/change aperture settings | 21 ¥ Select aperture size

shold spinner increments: 1 (@) 10 100 Set mask threshold (mskth) counts above background (bkavg) | 99939 +
iew avi fields Show image contrast control
K

Enter name for aperture...

Apertures that are given a name containing 'track’ will automatically be placed as yellow tracking
apertures. The default circular mask size will be taken from the entry in the Pref. tab.

Apertures that contain the string 'archive’ will be automatically written to an archive folder as
a series of FITS files. It is recommended that a mininum aperture size of 31%31 be used to facilitate
possible future reporocessing using the archive data.

If you want to suppress the re-centering of static masks within an aperture, put the string
'no-rc’ (or 'no_rc’ or 'no rc’) somewhere in the name. (Dynamic masks must relocate to do their job,
so the presence of a 'no-rc’ will be ignored.)

Apertures named 'empty’ or 'no-star’, or 'no_star' or 'no star' are treated as though they contain

the "no-rc’ string - this is because the N-brightest-pixel-mass-centroid re-centering of static circular mas
the NN search grid of TME masks, if allowed to "hunt' within the aperture, will find opportunistic clump
that are a little brighter than other clumps and thus generate a tiny, but false, signal - disabling recente

Apply corr << | -10sec -1lsec -1fr < analyze pause > +1fr +1sec +10sec | »»>
ap00
e =run PyOTE write csv | plot | current frame: 0 E | 4957 :stop frame mark Back to 'mark’ clear data
) = 2/ mumber of array dimensions -
151 = 720
152 = 576
END = T
ALE = 1
RO = 32768
E = '2025-02-01 04:38:54"
E = 'D:\ricksg\OccVids\20250123Morgado.avi’

MENT 66 frames were stacked
MENT Initial frame mmber: 0
MENT Final frame number: 65

E#####44 End Finder image FITS meta-data #S&####444888EEE

scaling levels: black=0.0 white=8.4 x

~click here for info ap0o Thumbnail Two (right-click here for info)



Now choose your best Reference star. This Is the star
which will act as the constant brightness standard for
each frame. If there is variable obscuration due to
clouds, having a reference star is crucial.

* Criteria for your best reference star:
* 1. It should be close to yourtarget, and bright-ish

e 2. It should never contain saturatedpixels, but
also it can’t be too faint and therefore noisy.

* Saturated pixels will show as pink or red on your
orange box image (left) from frameto frame.
While PyMovie is analyzing, you should hover
your mouse over, and watch your prime reference

o = L o] e [ = ot Do e ) star and make sure it never shows pink or red
e pixels on it. The saturation limit should be set a

little below.your bit limit. For our 8 bit chips, a

i little betow 2**8 = 256 is 246 which is what | use.

Any pixels above level=246 will be pink or red.




Two of your stars should be also function’d as tracking
stars. To designate a tracking star, right click on it and
click on “turn yellow...” from the pop up menubox

M

!

Disable jogging

Y axis

ouse Mode

Add dynamic mask aperture

Add static (fixed circular) mask aperture
Add TME aperture (snap to center)

Add TME aperture (no snap)

Add 12 nested fixed radius mask apertures
Add 6 nested dynamic mask apertures

Set threshold
Del
Rename

lete

Enable jogging via arrow keys

Enable auto display
Disable auto display
et as Thumbna
nset as Thumbnail source
urn green (con
urn red

urn yellow (use as tracking aperture)

U
T
T
T
Tu
U
U
Cl

ear track path

Set RA Dec (from VizieR query results)

rn white {special 'flash-tag’ aperture)

urrent positi
urrent position as

il source

nect to threshold spinner)

on as early track path point iﬂ ‘'mark’

late track path point

Thumbnail Two (right-click here for info)

How to select tracking stars:

1. Having 2 tracking stars guarantees thatimage
drift and rotation will both be corrected. Especially
important for targets near the zenith for ouralt-az
mounts, where image rotationis rapid.

2. The first tracking star should be as close as
possible toyour target, but even more important it
should be-bright. A saturated pixel or two is not
fatal, here (butthen it can’t be used-as a ref star).

3. The second selected tracking star should be far
away from the first star, but make sure it doesn’t
drift off the chip during the analysis; that would kill
that analysis and you’d have to start over.

Ref stars canalso be tracking stars, but you can
have ONLY 2 tracking stars.



Tracking apertures turn yellow. Be sure to FIRST click
and turn yellow the tracking star CLOSEST to your

target. The 2" tracker is only used to determine field
rotation. * Lastly, click on a piece of clear sky: It

should look clear on your finder field
and also on my finder chart.

* This-aperture you need to nameas “no-
star”. That willguarantee that it doesn’t
try to center itself on the brightestpixel,
but instead blindly follows thetwo
tracking stars.

Rl ees  * Your ‘target’ star and ref stars, on the
| oot n-f;v [ et renls (& [ oot (o] st | s other hand, should be set to center
itself on the brightest pixel near the
. tracking location, for best data.




Now we’re ready to analyze the data. When you now click on “analyze’, it should
warn you there’s no archived apertures. That’s OK. You can read about them and

use them if you want. | don’t use them. If anyone wants to re-look at my data I’'m
happy to send them the full .avi file.

* As it analyzes, it goes frame by frame
through your video and you’ll see the
sky background is now not silky smooth
like the ‘finder’ stack but actual and real
time sky-noisy.

* You should watch that your stars are
being tracked, and you should hover
over your reference star(s) for a bit and
make sure they aren’t showing
saturated (red, pink) pixels. Also get a
feel for how tight your masks are. They
should be tight but not so tight you lose
pixels that are mostly signal vs sky
noise.

* [t’ll take a few minutes till its.done.




If it Looks like it Worked - First Thing to Do

* Save the csvfile thatis the file PyOTE will use to complete the
analysis of this occultation. If you forget, and bail out of PyMovie,
then you have to start from scratch, which can be time
consuming.

* If you choose to re-do the analysis and ignore the first attempt,
that’s OK, you can just use the same name for the csv file and
over-writeit, so nothing lost in going ahead and saving the file first
thing before looking at your light curves.

* It’ll automatically save'it inside the folder PyMovie created to hold
your other results.



When the video frames stop updating moment to
moment, it’s done. It doesn’t sighal you with a special
message like “I’'m Done”!

* Now’s the fun part. We get to see what we
got! Did we get an occultation? Or a miss? Or == =
Is it so darn noisy you can’t conclude
anything?

* Clickon “plot”and it’lltake a moment and
put up several pop-up boxes on top of each
other, with light curves. The top one will the
the composite of all objects you aperture’d.

 Pause and look at it... and before you do
anything else, again, save the complete
photometry csv data by cllcklng “save as”on
the buttons below the image. It'lL pop up the
folder it’s made already for this event, and my
convention is to name it “RN-PyM-Morgado”;
my initials RN, produced by PyMovie, and the
asteroid name. Then click the ‘save’button [ :
and it’ll save and thenthat box will disappear.




Click on the top-of-the-stack image, which will
look something like this.

‘Morgado.avi

CCDtools | Datl

Ip: align to star
redact

3000

Make "finder” via S;i

2000

1000

F 1sec | +10sec || ==

Back to 'mark’ clear data

o= s oo

26 sum: 1083

13:15:49.3833]
96 sum: 1088
13:15:49.3633]
31 sum: 1077

13:15:49.4233] 0 1000 2000 2000 4000 5000

96 sum: 1096 o
13:15:49.4033] time:11749.4033 =cores:90 98 98 08 08
23 sum: 1060

: /ricksg/OccVids/20250123Morgado/RN-PyM-Morgado . csv

ref3 Thumbnail Two (right-click here for info)



Now full sized, you can do a screen capture of this
composite of light curves, and this is the first
Image that you send to me, for our event webpage.

* | like using “Greenshot” a
freeware screen capture
orogram, you can specify many
parametersto suityour
DUFPOSES.

* But you can also, iInWin10, hit
“shift-SCR” keys simultaneously
and that’ltcapture the full
screen. | cantrim it down to the
right size after you send it to me,
If you don’ttrim it yourself.




Click the "X, on the composite light curve, and It'll

show the next one underneath, which should be the
target light curve, it’ll look something like this... click
on it.

* Now look at the finder chart for this
event and remind yourself whenthe
| | event time was, andthen move.your
et el ko ) e 2040 ety 15 e 7 st (51425460 mouse over this image to position
' the vertical brown line-at that event

% v . v " : 4 t . . & . 'r' H :'
Ll w L) e laddl s o0l L Wl | moment, as carefully as you can;
300 _J‘:-"_'_'_J_-*‘_v v '_‘:'::. "‘_1'1*_' :‘i-r“ _'.i_'___._' g !:_":‘1'"_!;:!—"’_ ' _v;!'_':..‘ T'T:Tx;'_' :,'I::"_ .T'w._";_'_..:._ . R . i
ey St Bt Loaslenghobhy WEREE G the UT times are given in-the title as
. AR i ‘1, 'r"'- I ! v ¥ i" K} ¥ - L Y% L v:;v i il g
e i -} :w, f , _,w;cy‘.' .“*_,-i‘_"’_ ; ‘
G a7 e e sl e JEBRE you can see at upper right.
__ﬂ_'i. 4 .4_‘-':... I = !\a;_‘b .

¥ ’”‘*ff"*? a2 ¢ \While keeping the brown line from
B — moving, then screen capture this
Image too, and send it to me.

* You see in the example there’s a real
event, at the predicted time.



Now, a screen capture of

the PyMovie screen. Get o v
“target” to show at bottom, -

1 time

and click on the “median
filter” tab and then clickon =

apply |
»

the “examine...” button to

@ apply t

show the apertures. -
Position that box exactly as
you see at right. This shows =7+

95 96 96 su__
camp: [03:15:49.

me you’ve properly median-. :..

samp: [03:15:49.
23 32 23 sum:

-

w

filtered, and the size of your. - mmmn ..

masks. This is.one of the
several images you send to
me for our website page:

100 Set mask threshold (mskth) counts above background (bkavg) 99999 +

name Xy
target (266, 341)
refl (282, 291)
ref2 (258, 109)
ref3 (538, 281)
no-star (304, 340)

3633] time:11749.3633

1077
4233] time:11749.4233
1096
4033] time:11749.4033

1060

Examine/change aperture settings | 21

99999

99999

99999

99899

99999

scores:91 98 98 98 98

scores:96 93 98 98 98

scores:50 98 98 98 98

Show image contrast control

Make contrast setting "sticky”

def mask radius

32

32

32

32

3.2

* Select aperture size

sat. pixel value

color

red (standard)
yellow (tracking ...
red (standard)
yellow (tracking ...

green (connect t..,

Apply corr << | -10sec | -1sec |-1fr| < analyze pause > | +1fr +1sec +10sec| >>

auto-run PyOTE write csv | plot | current frame: 4957 E 4957 stopframe | mark = Back to 'mark’ clear data

target Thumbnail Two (right-click here for info)



Let’s Review the PyMovie Screen Captures | want to
be sent to me, for our webpage for this event...

* 1. The colorful composite single image of all aperture light curves
from PyMovie

* 2. The single image of the target’s full light curve.

* 3. Zoomin on the target light curve at the predicted time of event
and screen capture that too, with the brownvertical barat the
predicted moment of central occultation

* 4. Now, after you’ve removed the stack of light curves and saved
your csv file, | want you to click on the ‘median filter’ tab to show
what’s clicked, and also on the ‘examine aperture masks’ tab to
show what sizes are your masks, and before you screen capture, be
sure it’s the target star that is shownat the bottom aperture box.



eave PyMovie on, but now we bring up PyOTE. Go to
ourhome screen and click on PyOTE to initiate it. It
ake a few seconds and then pop up what you see below

Info ‘ Help | Tutorial ‘ Read light curve | Help for plot —> 77 772 777 777 272 777 oy 77 SEES

Lightcurves Sqwave model W VizieR export 1 Other models 1 Manual timestamps Settings/Misc. } Noise analysis/l | (» ‘

This splash screen can be disabled on the Settings/Misc. tab.

What's new with this version:

We have changed the initial test used by the 'event finder' that can result in ‘no event found’. It will now accept more event candidates — this test was extremely conservative and was a hold-over
from a time when there was no False-positive test. Now we can rely on the FP test to weed out events that might be due to noise and so we can loosen up the initial test.

There are some improvements in the light curve list manipulations - the entire list can now be cleared.

Optional: enter the expected magDrop for the & | previously:

When edges are dearlyy | Changed order of buttens on Noise analysis/Detectability tab te better reflect wark flow

e Bk | If a minEvent of 1 is entered for the min/max search, it is automatically changed to 2 (with an advisory message to this effect) to ease work flow

. Otherwise use the en | Added buttons to Lightcurves tab to make it more convenient fo calculate and recalculate baseline statistics for multiple light curves.

min event:

Added a block of the most useful metrics for comparing light curve extractions from multiple apertures at the end of the text report window and also in the .log.txt report.

The metrics for each ‘solution’ are added to a text file (fit_metrics.txt) — this text file can be converted to a .xIsx file which can be used to support the choice of ‘solution’ submitted in a report

Changed snr to dnr (drop to noise ratio) in the places where that is the actual calculation being performed.

i
" i 1
272 7 772 227 2772 277 27 77 277 m
Right-click this label to get explanation of data grid below: it A o o i -
FrameNum timeInfo Lc1 L2 L3 Lc4 - i
— |Home directory: C:\Users\drrick\AppData\Local\Packages\PythonSoftwareFoundation.Python.3.10 gbzbn2kfraBp0\Local
i Sy
We found C:\Users\drrick\Documents\model-examples already present. Adding any new examples L
: -
=1 |E »




X-click the info box you saw, and you get this screen, asking you to click

on your .csv file you created in PyMovie. It should automatically go to
the correct folder so you can click on it

” el 7
« ricksg > OccVids » 20250123Morgado v O Search 20250123Morgado )
Org New fold m @
# Quick access ApertureGroups Detectability
Il Desktop
¥ Download FinderFrames Normalization
=/ Documen its
=] Pictures CR [ T RN-PyM-Morgado
2024082 1Mussorgskia d,| Microsoft Excel Comma Se
| 1.23 MB
20250118-1997UN10
OccVids
PyM-howto
@ Creative Cloud Files
[ OneDrive
@ OneDrive
% This PC
“% One Touch (D3)
¥ Network
File name: [ e Csv files (*.csv) v
Open Cancel
,.| i 1 i
Right-click this label to get explanation of data grid below: i R 55 i 7 i 7 i
FrameMNum timeInfo LC1 L2 Lc3 Lc4 ‘

LI

:

[«



Below, | will click on “RN-PyM-Morgado” and

then “open”

1+ « ricksg * OccVids > 20250123Morgado

Organize ~ New folder

#F Quick access ApertureGroups
[ Desktop
¥ Downloads FinderFrames
E| Documents
= Pictures

2024082 1Mussorgskia

20250118-1997UN10

OCR

20250123Morgado
PyM-howto
@ Creative Cloud Files
[#5 OneDrive
@& Onelrive
5 This PC

“ One Touch (D)

) Network

11248]

[03:13:11.1245]
-

[03:13:51.1242]
L

[03:14:31.1239]
-

[03:15:11.1236]
L]

Detectability

MNormalization

RN-PyM-Morgado
Microsoft Excel Comma Separate...

1.23 MB

File name: |RN-PyM-Morgado

~ || Csv files (*.csv) e

Open Cancel

Right-click this label to get explanation of data grid below:

L
[03:12:31.1248]

[03:13:11.1245]

L
[03:13:51.1242]

[03:14:31.1239]

L
[03:15:11.1236]

FrameNum | timeInfo signal-target signal-refi

signal-ref2

signal-ref3

signal-no-star = ‘



PyOTE will then automatically plot the first aperture,
which you insured was “target” back in PyMovie.

Info Help ‘ Tutorial | Read light curve | Help for plot —= | [03:12:31.1248] [03:13:11.1245] [03:13:51.1242] [03:14:31.1239] [03:15:11.1236] 777
T T L L] .
Lightcurves ~ SqWave model ] VizieR export | Other models | Manual timestamps | Settings/Misc. | Noise analysis/ 1 [» i
400
SqWave model help 1, |
Manual/automatic block integrate ‘ Block size §
= 300
Trim left/right ‘
Validate a potential single point event |
Optional: enter the expected magDrop for the event to get a visual of how that event level matches your observation.
When edges are clearly visible, mark points to specify region and dick ...
200
Mark D region I Mark R region I mark Event points f ‘
... otherwise use the entries below to place bounds on the event size.
min event: max event:
Finally, dlick on Find event
Find event ‘ Clear fit metrics | fit metrics -> .xlsx | i
0% Cancel
Write current plot ‘ Save current light curve to .csv | = ] repart |
Start over ‘
g ’
%
i 1 i L i
Right-click this labe! to get explanation of data grid below: [03:12:31.1248] [03:13:11.1245] [03:13:51.1242] [03:14:31.1239] [03:15:11.1236] E
FrameNum timeInfo signal-target signal-refl signal-ref2 signal-ref3 signal-no-star ;‘ Notime:step rregularities Found: 18
[ 0.00 [03:12:31.1248] | 125.000 787.000 288900 |463.000 |-7.00000 timeDelta: 0.0399897 seconds per reading
I I I I | timestamp error rate: 0.00%
1 1 00 103-12-31 168481 288 000 A2 000 (2811 00 505 000 32 0000 i




Now on the left, under “show” click your chosen
reference star. | try to make “ref1” the name of my
likely best reference star. In “ref” column, click the
box for ref1. The light curve for ref1 will appear.

Info | Help | Tutorial | Read light curve | Help for plot —=

[03:12:31.1248]
T

[03:13:11.1245]

[03:13:51.1242]
T

[03:14:31.1239]
T

[03:15:11.1236] 2

Lightcurves | SqWave model } VizieR export ] Other models Manual timestamps] Settings/Misc. | Noise analysis/| :’i

Lightcurves tab help

target ref  show ¥ offset step size: @ 10 (" 100 " 1000

P [v [signal-target B ot o = xoffset: [0 =]
il [w IV |signalreft ¥ offset: |0 X offset: |0 =
o T [signakref2 ¥ offset: [0 =] xoffet: [0 =]
r L~ [ |signa|—ref3 ¥ offset: ‘O | Xoffset: |0 :l
i ™ [signal-no-star ¥ offset: [0 = xoffeet: [0 -]
i [ ¥ offset: [o = Xoffset: [0 =
[ [ ¥ offset: [o =] xoffset: [0 -
[ T [ ] . ¥ offset: [o = xoffset: [0 =
i JiE [ ¥ offset: [o = xoffeet: [0 -
[ [ B v ortset: [0 = xoffset: [0 =

Add lightcurve |signa|—target j Clear lightcurve list ‘

smoothing readings |0 :I Setstep: ® 2 C 10 100

Mark baseline region

Calc baseline mean/sigma/corr coeffs

Clear baseline regions

Find event ‘

0%

Mark metric points | Clear metric points |

1600

1400

1200

1000

800

600

400

200

Right-click this label to get explanation of data grid below:

[03:12:31.1248]

[03:13:11.1245]

[03:13:51.1242]

[03:14:31.1239]

[03:15:11.1236) 7



To Note for the Step to Follow this Slide...

PyMovie always outputs each frame’s photometry. It does not group together and
output collections of frames into “integrations”.

The only exception is if you specifically check the “analyze in field mode” box
before you start your analysis run in P%Mowe In that case, . it’ll output a<csv line for
each field separately rather than combining even and odd fieldsinto a single frame.

Now, if you use an integration setting of, say, 16x, that means-you are tellingthe
Watec to group 16 fields (=8 frames) intoa smgle integration before outputting it to
the VTI. You might think, then, that the VT| will output.only a single data line for that
Integration. But no, it does not. It outputs every field, even though in this casethere
are 8 frames (=16 flelds) that are a single integration.

Will all 8 thenjust be identical? Not precisely. PyMovie still outputs-each frame, but
It has sUthly varlable readout noise-and so the readings will notbe precisely
identical within the integration. But, still you should see if you zoom in on the
PyMOvlle light curve, that the readlngs will be nearly identical in groups of 8 in my
example

By just looking at your own light curves in PyMovie you should be able to tell what
your integration setting was. What you willnot know is the offset, for the first data
actually saved on the file. PyOTE will determine that for you.



Next step; integration blocks. You should always note what your
Watec setting was and mention that in your audio at the telescope.
It’s confirmation that PyOTE gets it correctly when it independently

tries to determine it through auto-correlation calcs.

wene* EXample: 2x means 2 fields per integration. But

| | ' 2 fields = 1 frame, and blocks are countedin
frames. So, 2x means you have no blocking.
That’s what | used for Morgado, andyou can see
in the light curve that frames are not grouped
Into integrations. Each frame'is independent. If
you used 4x setting that’s 2 points (2
Integrations) per block. 8x is 4 points per block,
and 1t’d be obvious that you have 4 points with
very similarlevel before advancing to the next 4
point block all at very similar level, etc: 1f you
used 2x or 1%, then skip asking Pyote to
automatically determine your blocking.
Otherwise, I’ve found it’ll assume there’s
blocking and give its best guess, which will
be wrong.

* But if you did-block, then click on the button
“automatic block”

* Note there is no blockintegrations at left




If you did 4x or higher integration, then now let PyOTE
find that block value and offset automatically, as
below by clicking on the button “automatic ....”

- Whenyou click the button, itlt ~ * (Ineedtomakeascreen _
then show progress in the right capture of the screen showing
side box, and within seconds it’ll the automatic blocking button)

find the autocorrelation analysis * And then “accept “if it
which determines what’s the best determined correctly.
determination of your integration

setting and it’s offset from the

start of your data. If it finds the

same setting as you know-you set,

then ‘accept..... And the light

curve will how change, just the

single points per integration.



Next, it’s time to use your reference star to flatten
the artificial wiggles in the target star’s light curve

[03:12:31.1248] [03:13:11,1245] [03:13:51.1242] [03:14:31.1239] [03:15:11.1236]
T L ] L T

* Now, most of the rapid variations yousee
at left are just uncorrelated noise, not
‘real’. But if you use your reference star’s
every brightness point, you’ll be ADDING
uncorrelated noiseto your target— NOT
what you want!

* But some of the longer period variations
are real —transparency or wind generated
noise that affects stars in-your data. So, the
art is to find how much to smooth your
reference star to a curve thatis the best
approximation of ‘real’.

* Here’s'how you do that...

i 1 L 1
03:12:31.1248] [03:13:11.1245] [03:13:51.1242] [03:14:31,1239] [03:15:11.1236]



First click on two points, highlighting them In red dots.
The two points should encompass a range where you
believe your target star was not occulted and should

|deally be perfectly flat; your “metric interval”
* So now click on ‘metric interval’.

e

= * Now onthe left side (middle) you’ll'see
rr rfs e okeh A y

1z I B arrows to increase or decrease the

e smoothing length.

0 )y o o .

o Dol 3 el * Click the “up” arrow and see the black

o= smoothed curve get less'wiggly and the

flatness metric get smaller (in the lower

right box). Keep clicking until that
N AL flatness metric stops going down and

S T ——— begins to go back up.

2 TI200 [0312:30.6045] 202632 68000 280700 610000 000000
| 71300  [0312:9.6445] 160.424 783000 273500 |526.000 34,0000




If you have drifting light cloud, you may have a “time offset”
to the dips in clouded brightness. So; then adjust the number
In the box to the right of your ref box, left of the light curves.

Lightcurves tab help

gt ref sow fetaepsze: @ 10 (100 1000

T2 R i — I\(Drfset:‘n BRI
T P oiee 3 xdes 4
F 0T g oy xS
R ety x4
T 0T |soes Tofet o S N ¢ =
ER NN figclp 4 o 4
g e T A
oo | R T
oo g Yol | 4 xefiet 4
| B J xa=f 3

Add Iightcuwe}swgna\-mqet ar lightcurve list

smouting eaigs 64 <1 Stsep: @ 2 (10 (" 100 Mk metric points| Cear metc oins

Vark tasefine region
G mafcor coeffs

Right-cick this label 0 cet explanetion of data gid below:

FrameNum‘ tmelnfo ‘sn;na\-targ

et ‘ signah

il ‘ sinatrf) ‘ signatiefd  signabnystar

%71210 [03:12:596043] 248530 |685.000 (289700 610000  0.00000

m 11300 |[03:12:50 644] 203.163

768000 27300 (526000 340000

* Adjust that until the metric stops
decreasing and starts going back up
again.If you have no-clouds at all; it
may be OKto leave it at 0. [t might even
be best to not use a refstar at all, if
even alittle wiggle in the ref staris
pure noise. | usually do not find that.
Usually | can improve the metric by
using a ref starand smoothing,
sometimesthough the smoothingis
much more than the example at left.




You see the optimum smoothing for Morgado below. And

the occultation is the narrow drop in the middle of the

light curve, on the edge of my selected metric interval
PyOTE turns metric interval points to orange).

Lightcurves tab help
1400
target ref  show Y offset step size: @ 10 100 ( 1000
[v - v |signal-target . Y offset: |0 = xofe: [0 =
v v |signal-ref voffset: [0 =] xoffser: |6 = i
= r ™ |signal-ref2 Y offset: m X offset: |0 =
£ [ ™ signal-ref3 Y offset: [0 = Xoffset: [0 = i
= [ [ |signal-no-star ¥ offset: |0 =] xofse: [0 =
= E = | Y offset: |0 = xofse: [0 =
- A o | Q ¥ offset: |0 —  Xoffset: ’7:] 800
= I = | . Y offset: |0 = Xoffset: [0 =
™ i = | ¥ offset: [0 = Xoffset: [0 =|
™ i il | . ¥ offset: |0 = Xoffset: [0 =] 500
Add lightcurve ]s@nal-target j Clear lightcurve list l
smoothing readings m Setstep: @ 2 (7 10 ( 100 Mark metric points| Clear metric pomts‘ -
Mark baseline region |
Calc baseline mean/sigma/corr coeffs ‘
200 "
Clear baseline regions | :
Find event ‘ .
0% 0
1 . 1 . 1 .
Right-click this Iabe! to get explanation of data grid below: [03:12:31.1248] [03:13:11.1245] [03:13:51.1242] [03:14:31.1239] [03:15:11.1236] 77?7
FrameNum timelnfo signal-target signal-refl signal-ref2 signal-ref3 signal-no-star Zl TEnesy pnmamae DR manen bl eencinasy DAY Poommeess Sl 8

_ | | signal-target is ths target curve.

712 |[712.00 [03:12:59.6046] | 248.530 685.000 |2897.00 |610.000 |0.00000

Flatness (minimize this walue): 66.73 (readings: 64) (X offset: -6)
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Next step is to trim out any bad data on the edges. If
there’s bad data at the begin or end, or even interior,
then click on two light curve points that enclose just
the data you trust and of course the event too.

SqWave model help

‘ Block size

Trim lefi/right |

Validate a potential single point event |

Optional: enter the expected magDrop for the event to get a visual of how that event level matches your observation. l_

When edges are clearly visible, mark points to specify region and dick ...

Mark D region ‘ Mark R region ‘

... otherwise use the entries below to place bounds on the event size.

min event: ‘ max event: ‘

Finally, dlick on Find event

Find event Clear fit metrics | fit metrics -> .xlsx |
0% Cancel

Write current plot ‘ Write error bar plot | Save current light curve to .csv‘ fill Exo

Start over |

1400
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200

ght-click this label to get explanation of data grid below:

[03:12:31.1248]

i
[03:13:11.1245]

[03:13:51.1242]

[03:14:31,1239]

[03:15:11.1236]

* Don’t betoo miserly. Keep
thedata unlessyou really

see it’s contaminated
bad..

* Then click“trim” button
and the bad data outside
will turn gray.



Now, you’ve got an optimally smoothed reference
star, you’ve trimmed out bad data. You’re now
ready to find the timings of your D and R.

* Click the “square wave”tab to find the
simplest method of determining your D
and R timings. If the occultation is
sharp and obvious, you can click on
two points that enclose the “D”, then
click “D interval” and then two points
that include the “R” and click “R
interval”, and then click “find event”

* A more sophisticated analysis might
be called for if the data is unusually
good on a bright star and you see
evidence of Fresnel Diffraction. Not
covered in this intro of mine.

* The alternate way, especially-ifit’s a
very short event, is to pick'the number
of points that the event is definitely
SHORTER thanyour occultation, and
another number thatis definitely
LONGER than your oecultation, and
then click “find event”.

* Doing it this way, | find l-have to click on
“find event” 3 times before it actually
completes.



After it’s done, PyOTE will look something like this.
You can see the red and green D and R and
accuracies underneath the info advice screen

m
Info | Help | Tutorial ‘ Read light curve | Help for plot —= | [03:14:23.1240] [03:14:27.1240]
T -

Lightcurves SqWave model ] VizieR export W Other models ] Manual timestamps ] Settings/Misc. | Noise analysis/l * ¥ ‘
1600

Noise Induced Event (NIE) distributions and noiseSigmabDistance metric (sigma distance between position of noise-only peak and actual observed drop)

Two plots are shown, the result of 50,000 simulations using the noise parameters extracted from the actual observation lightcurve, including the effects of correlated noise.

The blue plot is a histogram of the maximum drops found in a search of 50,000 noise-only simulated observations matching the duration of the found/candidate event (number of readings in the
found event), the length of the cbservation (total number of readings), and with no constraint as to where the drop occurs in the simulated observation lightcurve,

The green plot shows the distribution of drops arcund the found drop, using a gaussian distribution with the peak positioned at the found drop value and a sigma value computed from the
Val | quadrature sum of the baseline mean sigma and the event mean sigma.

The amplitude of the green plot is chosen so that the area under the blue and green plots are equal. This choice makes the green plot reflect 50,000 simulations too. Now the green plot shows
Optional: enter the expected magDrop for the | | the distribution of drops that would be found if there was an 'event’ while the blue distribution shows the distribution of drops when only noise was present in the observation lightcurve.

When edges are clearl; The further to the right of the peak of the noise-only distribution the observed drop occurs, the less likely it is that the found event is due to noise.

| A metric is provided for reporting purpases calculated by dividing the drop distance between the noise-only distribution peak and the observed drop by the sigma parameter of the green plot: this
—— | metric is called noiseSigmaDistance.
... otherwise use the

Mark D region

If noiseSigmaDistance is positive and greater than 2.0, one can have confidence that the found event is highly unlikely to be due to noise in the observation. There will be a clear and obvious
min event: |5 separation between the two distributions.

Note: there are many other factors that go into an assessment as to whether an observation has recorded an 'event’, such as size of drop compared to expectations, duration of the event
compared to expectations, cther cbserver's results for the same occultation, etc. The noiseSigmaDistance metric is just one factor and should never be used alone to decide whether or not an
Find event occultation event has been recorded.
Write current plot Write error o L 1A
o 3
1 i
Right-click this label to get explanation of data grid below: [03:12:23.240] [03:1:22:1250]
FrameNum timeInfo signal-target signal-refl ‘ signal-ref2 | signal-ref3 | signal-no-star j signal-target is the target curve.
4823 (4823.00 [03:15:44.0434] | 197.000 959.000 | 2453.00 |248.000 |2.00000 Flatness (minimize this value): 66.19 (readings: 64) (X offset: —6)

4824 |4824.00 | [03:15:44.0834]| 168.000 686.000 |1820.00 |435.000 |-30.0000 | ; ’



This PDF not done yet... more to come
when | have time.

* PyOTE will pop up images now, including the full light curve with timings

* .... And the ‘false positive test’ results. For the latest version of PyOTE the ‘false
positive test’ is two humps for the distribution of values. If these two humps
center offset from each other by more than 2.0 standard.deviations, and
there’s no reason to think that’s for some artificial bad situation (ecar
headlights, passing through phone wires, bad pixel cluster, dust mote...)then |
report it as a ‘positive’, with the timings.

* You must send me the ‘false positive test’ graph as part of ourwebsite page.

* Also, the full PyOTE light curve with red/green timings, and also the zoom in on
the eventitself. These should have first had you position the vertical brown line
on the predicted time of the event, as shownon my planning page.



	Using PyMovie / PyOTE to Process Your Asteroid Occultation Recordings – for “Team Santa Cruz”
	This resource is for Santa Cruz’s  Asteroid Occultation Team
	Other Links of Use for New Asteroid Occultation Observers…
	PyMovie / PyOTE Installation on a PC	
	First, I click on my .avi video of the event, saved on my external HDD, so it’ll play.
	Next, I click on my Desktop Short-Cut to Open PyMovie (image below is part of my Win10 desktop) 
	Here’s the Opening Screen for PyMovie as of Jan 2025
	“x-out” the “help” box, and then we get to work…
	For an example, I’m going to reduce my video for the Morgado occultation of Jan 22/23, 2025
	Click on your .avi to open it. The little box in the middle informs you it will now create a folder to hold PyMovie’s and PyOTE’s results; by default in the same folder that has your .avi file – which is what we want. Just click on “ok” and it goes away
	Then it gives this screen. You’ll see each of the two fields that constitute the first frame of the video: Our .avi frames consist of two “fields”; one field= the even rows of pixels, the other field= odd rows. It should automatically note that the bottom field has the earlier UT time (see on video the fractions of a second are earlier (.1248) than the top field’s .1448) and fill the “bottom field is first in time” that you see on the left of the PyMovie screen below.
	Unclick the “view avi field” button at far left and click on “show image contrast control” (middle) and you’ll see view below, showing the first full frame… Note each frame has a UT time stamp (bottom left information box);  it has successfully OCR’d your VTI timing numerals. (If not, you see UT=0’s (zeros) and you’d need to OCR-train PyMovie)
	If you need to OCR-train PyMovie…		
	Now click on the contrast vertical graph on right side of last slide’s image, and use your mouse to grab and adjust the top and bottom levels to maximize visibility of your stars.  It may increase sky noise too. In order for this new contrast setting to stick, you immediately have to Unclick the “show image contrast control” box. When you do, the vertical contrast bar will disappear, as it has below. Don’t contrast so far as to saturate needed pixels.
	Now look at the row of tabs along the middle of the control panel, and click on the “median/misc” tab. Then click on the “apply line noise median filter” and below that, “apply horizontally and vertically”
	To See the Vertical or Horizontal Banding…
	On My Finder Below… you see two issues: Vertical banding, and also the left side of the chip has a brighter background than the rest of the chip. This too should and will be gotten rid of by median filtering.
	 What the median vertical filtering does is this:
	If your target or reference stars are faint, you’ll want to place your apertures on a “finder” field. A “finder” is basically a stacked set of frames which minimizes the sky noise seen on individual frames.
	It’ll ask you if the time stamp is removed. You see in my example, the answer will be ‘yes’. Fiddle with your redact numbers until the time stamp is removed but not much above the time stamp is removed. Not critical how many frames to stack. A few dozen is fine. Then click ‘Make “finder” via Fourier Align”. This will then spend a few seconds stacking frames and…
	…show you the result, which should be a very smooth sky except for the banding, and perhaps the left side being brighter, as we talked about. Those will be corrected for when you do ‘analyze’ and the median filtering you specified takes effect. You may want to click on the ‘show image contrast control” again and adjust that to maximize the visibility of your stars. Unclick “show image contrast” and the control at far right will disappear and the contrast view stay. �
	Now it’s time to click on your selected stars… first, I go back to my own “planning page” which shows the Watec chip image of the field, (chart “LCD”; the square one) so I can see where my target star+asteroid is.
	What is “Aperture” vs. “mask”? – Can be confusing…
	Selecting aperture (box) size and mask (which pixels will measure starlight) sizes…
	There’s a wide choice on what a right-click on a star does. Here’s the menu. For most well-behaved tracking situations, the best choice is “add static (fixed circular) mask aperture”
	Use your mouse wheel to zoom in on your target star, and very carefully right-click on the center brightest pixel. The box you see below will pop up and it’ll ask for a name. I always call it “target” and you should too. It shows a green box around it.
	Now choose your best Reference star. This is the star which will act as the constant brightness standard for each frame. If there is variable obscuration due to clouds, having a reference star is crucial. 
	Two of your stars should be also function’d as tracking stars. To designate a tracking star, right click on it and click on “turn yellow…” from the pop up menu box  
	Tracking apertures turn yellow. Be sure to FIRST click and turn yellow the tracking star CLOSEST to your target. The 2nd tracker is only used to determine field rotation.
	Now we’re ready to analyze the data. When you now click on “analyze”, it should warn you there’s no archived apertures. That’s OK. You can read about them and use them if you want. I don’t use them. If anyone wants to re-look at my data I’m happy to send them the full .avi file.
	If it Looks like it Worked - First Thing to Do
	When the video frames stop updating moment to moment, it’s done. It doesn’t signal you with a special message like “I’m Done”!
	Click on the top-of-the-stack image, which will look something like this.  
	Now full sized, you can do a screen capture of this composite of light curves, and this is the first image that you send to me, for our event webpage.
	Click the ‘x’, on the composite light curve, and it’ll show the next one underneath, which should be the target light curve, it’ll look something like this… click on it.
	Now, a screen capture of the PyMovie screen. Get “target” to show at bottom, and click on the “median filter” tab and then click on the “examine…” button to show the apertures. Position that box exactly as you see at right. This shows me you’ve properly median-filtered, and the size of your masks. This is one of the several images you send to me for our website page.  
	Let’s Review the PyMovie Screen Captures I want to be sent to me, for our webpage for this event…	
	Leave PyMovie on, but now we bring up PyOTE. Go to your home screen and click on PyOTE to initiate it. It’ll take a few seconds and then pop up what you see below
	X-click the info box you saw, and you get this screen, asking you to click on your .csv file you created in PyMovie. It should automatically go to the correct folder so you can click on it 
	Below, I will click on “RN-PyM-Morgado” and then “open”
	PyOTE will then automatically plot the first aperture, which you insured was “target” back in PyMovie.
	Now on the left, under “show” click your chosen reference star. I try to make “ref1” the name of my likely best reference star. In “ref” column, click the box for ref1. The light curve for ref1 will appear.
	To Note for the Step to Follow this Slide…
	Next step; integration blocks. You should always note what your Watec setting was and mention that in your audio at the telescope. It’s confirmation that PyOTE gets it correctly when it independently tries to determine it through auto-correlation calcs.
	If you did 4x or higher integration, then now let PyOTE find that block value and offset automatically, as below by clicking on the button “automatic ….”
	Next, it’s time to use your reference star to flatten the artificial wiggles in the target star’s light curve
	First click on two points, highlighting them in red dots. The two points should encompass a range where you believe your target star was not occulted and should ideally be perfectly flat; your “metric interval”
	If you have drifting light cloud, you may have a “time offset” to the dips in clouded brightness. So; then adjust the number in the box  to the right of your ref box, left of the light curves.
	You see the optimum smoothing for Morgado below. And the occultation is the narrow drop in the middle of the light curve, on the edge of my selected metric interval (PyOTE turns metric interval points to orange).
	Screen Grab and crop the image of this light curve with metric interval and smoothed black ref star curve. ��I just want just the light curve, not the entire PyOTE screen. ��This you will mail to me. 
	Next step is to trim out any bad data on the edges. If there’s bad data at the begin or end, or even interior, then click on two light curve points that enclose just the data you trust and of course the event too.�
	Now, you’ve got an optimally smoothed reference star, you’ve trimmed out bad data. You’re now ready to find the timings of your D and R.
	After it’s done, PyOTE will look something like this. You can see the red and green D and R and accuracies underneath the info advice screen
	This PDF not done yet…		more to come when I have time.

