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Installation



What Operating System do you
have?

[0 Our Software works for all 3 major OS




Online Detection Domain:

[0 Visit FireCapture Site:
0 http://www.firecapture.de/

0 Scroll down and download
FireCapture Version based on your
OS

0 Then install FireCapture

FCv2.7.10
(x64)

DOWNLOAD

ﬁ

FCv2.7.10
(x64)
DOWNLOAD

FCv2.7.10
(x64)
DOWNLOAD

PPA


http://www.firecapture.de/

Name

B darks
. FireCapture_v2.6

B flats

n jre
R b

Online Detection Domain: " oo

B plugins
n Ero?iles
n scripts

[0 Download our FDS Plugin | r—

. altaircam.dll

[0 Download this jar
[0 Name: FDS.jar

[0 Open FireCapture Folder
[ Go to the “Plugins” folder (Fig. 1)

[0 Open x64 or x86 folder depending
on your installation (Fig. 2)

[ Create a folder (Fig. 3)
[0 Name: FDS

0 Inside this folder place our plugin
“FDS.jar” (Fig.4)



https://drive.google.com/file/d/1qmi68YNfkyRrn_yh5z_J22cqea5sBeB5/view?usp=sharing

Simulations: Example of such video

0 For this workshop we create some
videos with impact flashes or other
events.

[l Download these videos:
[0 Here

Frame 1 Frame 2


https://drive.google.com/drive/folders/1qgowlriMOGZMrqPLqEbOUWH3e0zBiW_a?usp=sharing

Simulations:

Now we will place the simulations in

Nary
Name

[l Delete the existed “moon.avi” video
[l Take the first video

[0 FDS_moon_1.avi
0 Place it in this folder
[0 Rename the video (Fig. 3) :

[ Name: moon.avi

Firecapture "
[0 Go to the FireCapture folder : ,T: :
0 Go to the “testimages” folder (Fig. 1) : - :JI
[0 Open the “moon” folder (Fig. 2) R sat : |
l test
.
. :
n
B




Let’s start

[ Open FireCapture and select Dummy Mode

[

If you had a camera, you would choose your real camera

>

“ Select your camera interface

wy

Point Grey

Basler USB

=D

TIS / Skyris / Neximage

o

Basler Firewire

IDS Imaging Allied Vision
’ ASCOM
NET FOculus Altair GPCAM ASCOM

——)



= FireCapture v2.6.08  DummyCam (T=20.2°C)

iImage iR MAX (2] £ 78% ©50% £ 100% £ 200% G HBA 8 +
® Max (1080x1280) dlh~  Zoom: 78% s s
ROI 300 x 300 % v &-
| Control il (X
Gain 3600
Exp. (ms) 0.000 = &
Gamma B
’ £ More ~ 1.00 - 200 ms
et s star =
| Capture . q
2022-07-29-1640_0-R-Moon ] i
e © voon o~ b
No limit SER m
0 Let’s set up our plugin = 16"
| Status. Sl
FPS (maxactual) © 1428.57 -~
o" H ” “" ” Captured/Saved 0 0
0 In the “Preprocessing” area press the “None et =-
RAM | 819 MB |  HDD | 8.705MB | ]
button  Histogram T
: | @
: _Options —
0 Inthe pop-up window select the FDS ) Histogram Epnems
AutoAlign Align-Box L’
Reticle FocusHelp 3
# PreProcessing & Plugins CutOut Autoguide ()
Darkframe FlatField
. : +
€ ResetaiFitter /Plugins AR £l
oy Debayer
Invert
ON/OFF | Visible Filter / Plugin =
‘ X Contrast m &
} b4 Live-Stacking ® - & - 0~ @ - ® - O -
) b 4 Average R—
) b4 Mosaic-Helper None
Color-Saturation

Bright Object
Moving Object (daytime)
Moving Object (night)

Planetary mask

FDSv0.09.1

&f%[%|x|x|x

v FDSv0.09.1

Planetary mask




FDS v0.09.1
Threshold is: 122
, : O ([ »]
Let S Sta rt Frames: 442278 Events: 0 Time: Olms]
]

[ Select a Threshold value

[0 Then press the button “Press to
start”




Logger

[ During the whole process
make sure to look the
“Logger”

0 Logger will print useful
information about the
process

0 Will inform you if you have
captured any event

0 Will inform you about
some stats of the event

(=] FDS Logger: FDS v0.09.1

constructor
FdsProperties: Get the prope
FdsProperties: get propertie

RESET fds.event.frames.
RESET £ oL S.
RESET £ t

.a
RESET £ a
RESET £fds.logger.functio
NullPointerExcepticn in:
RESET ds.e,rﬁt.::c_rd.
in: ylugldsfFrPluqlans
RE ET fds.eve
RESET fds.
RESET fds.
RESET fds.event.aveframe
ICreated properties file:

rties from the file

s not changeable through the dia
minimum to '1’
maximum to '100°'

ame.alpha.minimum to '0.1"
4_.clpha.maximum to '0.9'

code to '0’
rluglns FcPluginFds.properties
format t 'DAT'
1* fds.event.record.dir
'C:\Users\stefo’

e.alpha to '0.35"
/plugins/ rcPlugians.;::pe:ties

log GUI

fds.event.record.format



Parameters

[ Select how many frames - ,
before and after the RAIGIETR
i m pa Ct yo u wWou |d I | ke tO Event Record Frames Detection algorithm parameters
Ca ptu re Number of frames before |5 | /= e Average frame alpha '0.35
v
D I n Wh I CI:] fO rm at yo u Number of frames after |5 -
would like to capture the =
fra mes: p ng f|tS or both Event record format @ PNG FITS PNG & FITS
. ’ ’ Event records directory | C:\Users\stefo Select
FDS properties file ./plugins/FcPluginFds. properties Select
Threading @® NO YES




1-st average qp - a<1.0
® 8

(1-a) a

[0 Weighted average
[ ' [ z-nd average + =
[ Same idea is used in
8 >3

NELIOTA software

a-parameter

(1-a) a
0 Default valuea=0.35
00000
FDS parameters X
Event Record Frames Detection algorithm parameters Average Frame [ I
Fr— _ . ge N
W =2 i v + [0 =
v
[ A ] ' “
Number of frames after |5
v (1-a) a
Event record format @® PNG (O FITS () PNG &FITS

Event records directory | C:\Users\stefo |
FDS properties file - /plugihs[FEPlOghF&s.properﬁes |

Threading @® NO O YES

Select
Select

|
J



FDS parameters X
Event Record Frames Detection algorithm parameters
° ! A
LO C a t I O n Of Number of frames before 'S Average frame alpha '0.35
v
A
e Number of frames after 'S
output tiles :
Event record format ® PNG FITS PNG & FITS
Event records directory  C:\Users\stefo Select
. . FDS properties file ./plugins [FcPluginFds.properties Select
[ After your first detection
. Threading ® NO YES
you will see a new folder

in the location
C:\Users\stefo

stefo observations

D The new fO|der‘ IS na med B cvent 1.2022.07.31.12.33
74 b ° ” Name l event 2 2022.07.31.12.33
observations . B event 3.2022.07.31.12.33

. i : 20220731 B event 4 2022.07.31.12.33

U There sub-directories of i B event 5202207311233
the day WI” be Created e B cvent 6 2022.07.31.12.33

i 20200005 B event 7 2022.07.31.12.34

D In the directory of the day’ B 20220603 B event 8 2022.07.31.12.34

you will find enumerated
all the detected events



Output Files

[ Metadata

[ Sequence of frames:

[ 5 (configurable parameter)
before the event

[0 The frames of the event

0 5 (configurable parameter)
after the event

stefo observations 2022.07.31

Event Metadata

F

frame_007

F

frame_000

P

frame_008

event_1_2022.07.31.12.33

F

frame_001

F

frame_009

F

frame_002

F

frame 010

frame_003

frame_005

frame_004

frame_005

frame_006




Metadata

0 In the dummy mode,

metadata are dummy too

[
[

Timestamp is dummy
FPS is dummy

[ Include:

[
[

—_

Timestamp
Number of pixels

Location (of pixels in the
frame)

Camera Information
Capturing Information
FPS

_| Event_Metadata - Notepad

File Edit Format View Help
Event Info:

The event occurred at: 2022-08-09 0©8:25:26.636.

The recording consists of 12 frames.

The event can be found at the 6th frame (filename: frame_005).
The number of pixels of the event is: 8.

The coordinates of the brightest pixel of the frame are:

x coordinate:161, y coordinate:336.

The threshold that was set from the user for capturing is: 99.
The average FPS of all the recorded frames is: 6.

Camera Info:

Camera Name: DummyCam.

Pixel Size: ©5.60(um).

Sensor Temperature in Celsius: 20.10.

Max Image Size: java.awt.Rectangle[x=0,y=0,width=1080,height=1280].
Region of Interest Offset: java.awt.Point[x=0,y=0].

Is 16 bit: false.

Is bin2: false.

Is colour: true.

Is threading enabled: false.

Time Information:

The timestamp of each frame is (UTC):
Frame 0: 2022-08-09 08:25:25.846.

Frame 1: 2022-08-09 08:25:25.998.
Frame 2: 2022-08-09 08:25:26.151.
Frame 3: 2022-08-09 08:25:26.304.
Frame 4: 2022-08-09 08:25:26.467.
Frame 5: 2022-08-09 08:25:26.636.
Frame 6: 2022-08-09 08:25:26.785.
Frame 7: 2022-08-09 08:25:27.100.
Frame 8: 2022-08-09 08:25:27.241.
Frame 9: 2022-08-09 08:25:27.379.

Frame 10: 2022-08-09 ©08:25:27.516.
Frame 11: 2022-08-09 ©08:25:27.662.
The duration of the event in frames is: 2.

The coordinates of all the pixels that triggered capturing are:
x coordinate:161, y coordinate:336.



Now we are ready to capture our first
Lunar Impact Flash (provided by
NELIOTA)

[ First easy example



First Video

[l Small duration video

[ The video will play on
repeat, so you will see
again and again the same
impact flash

[ One frame impact flash

(artificially set to be one
frame) frame_004

frame_005
[ Set the proper threshold

0 Around 100
FDS v0.09.1
Threshold is: 104

« »




Results

[0 You will be notified by the
logger that you have
captured something

[ Go to the “writing path”
and check what is written

[ Don’t let it run for much
time, the video is small
and will play on repeat
thus you will capture
many events

(=] FDS Logger: FDS v0.09.1

The number of pixels of the ew

The writing process for the 5

Detection occurred. The writin
The event occurred at: 2022-08-09 08:13

The number of pixels of the ew

The writing process for the

F

Event Metadata frame_000

F

frame_006 frame_007

ent is: 46.

captured svent has ended.

g process starts. This is the & captured event.
:14.967 (UIC).

ent is: 46.

¢ captured event has ended.

FFF TRV

frame_001 frame_002 frame_003 frame_004 frame_005

FFV

frame_008 frame_009 frame_010




| Event_Metadata - Notepad

File Edit Format View Help
Event Info:

The event occurred at: 2022-08-09 07:34:07.306.

The recording consists of 11 frames.

The event can be found at the 6th frame (filename: frame_005).
The number of pixels of the event is: 43.

The coordinates of the brightest pixel of the frame are:

Xx coordinate:919, y coordinate:1005.

The threshold that was set from the user for capturing is: 109.
The average FPS of all the recorded frames is: 8.

[} [}
Camera Info:

D I S C u S S I O | l Camera Name: DummyCam.
Pixel Size: ©5.60(um).
Sensor Temperature in Celsius: 20.07.
Max Image Size: java.awt.Rectangle[x=0,y=0,width=1080,height=1280].
Region of Interest Offset: java.awt.Point[x=0,y=0].
Is 16 bit: false.

Is bin2: false.

Is colour: true.
D Eve nt Info Is threading enabled: false.

Time Information:

[ Camera Info

The timestamp of each frame is (UTC):

Frame @: 2022-88-89 07:34:06.679.
. Frame 1: 2022-88-89 07:34:06.806.

D T|me |nf0 Frame 2: 2022-08-09 07:34:06.933.
Frame 3: 2022-88-09 07:34:07.064.

Frame 4: 2022-88-@9 07:34:07.185.

Frame 5: 2022-88-89 07:34:07.306.

Frame 6: 2022-88-89 07:34:07.541.

Frame 7: 2022-88-@9 07:34:07.643.

Frame 8: 2022-88-89 07:34:07.744.

U How many events didyou [z i iiis s
Ca ptu red ? The duration of the event in frames is: 1.

[l Was this flash multi-frame?

The coordinates of all the pixels that triggered capturing are:
x coordinate:921, y coordinate:1009.

x coordinate:922, y coordinate:1009. frame_OOS
x coordinate:923, y coordinate:1009.

x coordinate:924, y coordinate:1009.

x coordinate:919, y coordinate:1008.
x coordinate:920, y coordinate:1008.
X y
X y
X y
X y
X y
X Y

coordinate:921, coordinate:1008.
coordinate:922, coordinate:1008.
coordinate:923, coordinate:1008.
coordinate:924, coordinate:1008.
coordinate:925, coordinate:1008.
coordinate:919, coordinate:1007.



Second Event (provided by
NELIOTA)

[0 Multi-frame video



Name

B darks
. FireCapture_v2.6
B flats
l jre
B b
B log
. . lugins
Set-up Second Simulation e
l scripts
[ | testimages
. altaircam.dll

Now we will place the second event in
FireCapture

Name

[ Go to the FireCapture folder : ;dp
0 Go to the “testimages” folder (Fig. 1) : -
0 Open the “moon” folder (Fig. 2) B st

l test
[l Hide the existed “moon.avi” video

[l Take the second video
[0 FDS_moon_2.avi

[0 Place it in this folder
[0 Rename the video (Fig. 3) :

[ Name: moon.avi




Second Video

[l Multi-Frame Video

[ Now, experiment with
different thresholds

[l How the threshold
interact with multi-frame
events?

frame_005

frame_006



j] Event_Metadata - Notepad
File Edit Format View Help

Event

Discussion

Pixel

Info:

The event occurred at: 2022-08-09 08:25:26.636.

The recording consists of 12 frames.

The event can be found at the 6th frame (filename: frame_005).
The number of pixels of the event is: 8.

The coordinates of the brightest pixel of the frame are:

x coordinate:161, y coordinate:336.

The threshold that was set from the user for capturing is: 99.
The average FPS of all the recorded frames is: 6.

Camera Info:

Camera Name: DummyCam.

Size: ©5.60(um).

Sensor Temperature in Celsius: 20.10.
Max Image Size: java.awt.Rectangle[x=0,y=0,width=1080,height=1280].

D The duration Of the event was I?I{Egignbg:.l;\::irs‘zst offset: java.awt.Point[x=0,y=0].
N? Is bin2: %alse. .

Is colour: true.
Is threading enabled: false.

[0 What threshold did you used?

Time Information:

|:| Note that you ca ptu re: 5+N+5 The timestamp of each frame is (UTC):
* Frame 0: 2022-08-09 08:25:25.846.
f Frame 1: 2022-08-09 08:25:25.998.
ra mes Frame 2: 2022-08-09 08:25:26.151.
Frame 3: 2022-08-09 08:25:26.304.
Frame 4: 2022-08-09 08:25:26.467.
Frame 5: 2022-08-09 08:25:26.636.
Frame 6: 2022-08-09 08:25:26.785.
Frame 7: 2022-08-09 08:25:27.100.
Frame 8: 2022-08-09 08:25:27.241.
Frame 9: 2022-08-09 08:25:27.379.
Frame 10: 2022-08-09 08:25:27.516.

Frame

11: 2022-08-09 08:25:27.662.

The duration of the event in frames is: 2.

The coordinates of all the pixels that triggered capturing are:
x coordinate:161, y coordinate:336.



Experiment:

[0 Now set even smaller
threshold.

[l What do we see?

frame_005

frame_006




Third Event (provided by NELIOTA)

[ Threading



Name

B darks
. FireCapture_v2.6
B flats
l jre
B b
B log
. . . R plugins

Set-up Third Simulation B
l scripts
[ | testimages
. altaircam.dll

Now we will place the third event in
FireCapture

Name

[ Go to the FireCapture folder : ;dp
0 Go to the “testimages” folder (Fig. 1) : -
0 Open the “moon” folder (Fig. 2) B st

l test
[l Hide the existed “moon.avi” video

[l Take the third video

[0 FDS_moon_3.avi
0 Place it in this folder
[0 Rename the video (Fig. 3) :

[ Name: moon.avi




FDS parameters X

Event Record Frames Detection algorithm parameters
A
Number of frames before '5 Average frame alpha 0.35
v
A
Number of frames after |5
v

o ° Event record format @ PNG | FITS PNG &FITS
I r I ( ! O Event records directory | C:\Users\stefo |  Select
FDS properties file .Jplugins FcPluginFds.properties | Select

Threading ONO i@ YES!

0 This is a bigger video

|:| We WI” use ”threading” code data files code data

0 Th reading is enabled registers stack registers ||| registers
when a(cjzletectlon is oo | o
OCcurre

thread — ;

/

Searching for flash  Writing flash



Experiment

0 In order to see the effect
of threading set the
parameters as shown in
the figure

0 In this way we will make
the writing process slightly
slower, and you will see
that the FireCapture will
“lag” with the impact flash
frame

0 Why?

FDS parameters

Event Record Frames

Number of frames before

Number of frames after

Event record format

Event records directory

FDS properties file

Threading

10

10

PNG

C:\Users\stefo

./plugins/FcPluginFds.properties

@ NO

<||>||<]||>

FITS i@ PNG &FITS|

) YES

code

data

files

registers

stack

thread — ;

Searching for flash

Detection algorithm parameters

Average frame alpha '0.35

Select
Select
code data
registers ||| registers
stack stack

Writing flash

X



In which cases “threading” could be a problem?

Discussion



Discussion:

[ Threading could be a
problem in the following
cases:

[0 When the moon is
“shaking” due to bad
weather or telescope
movement if sunlit parts
are included. This will lead
to many fake detections.

[l What about satellites?




Question

0 If threading was enabled, will
the movement of the lunar
limb cause fake detection?




@ FireCapture v2.6.08  ZWO ASI290MM (T=36.1°C) USB3.0

Question =

0 If threading was enabled, will =~ ¢~ o =
a fast movement of the T—
telescope cause a fake o
detection? Why? m_:?sm EEEEEEE

[ If the threading was disabled, - e
and no fast movement -
happened. Will we have a fake ‘e
detection? Why? I = =

> :

Status: ACTIVE Stage: E|

+ @C@ecernnp ON




Why?

Before Processing After Processing

Frame 1 Frame 2 Frame 1 Frame 2




Frame 1




FDS parameters X

Event Record Frames Detection algorithm parameters
A
Number of frames before ' 10 Average frame alpha 0.35
v
A
Number of frames after ' 10
v
Event record format PNG FITS  {® PNG &FITS|
° °
D Event records directory | C:\Users\stefo Select
I S C u S S I O I l FDS properties file . Jplugins FcPluginFds.properties Select
Threading @® NO YES

C} SAOImage ds9
File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help

1
D Let S see t h e resu |tS Of th e File CA\Users\stefo\observations\2022.08.09\event 1 2022.08.09.12.15\frame_010fits

experiment. Open the e
frame_010.fits with a FITS e e

V i e We r. file edit view frame bin scale color

0 Point at the bright side, see |
that the value of the pixels in
this region is 255.




Fourth Event (provided by NELIOTA)

0 Impact Flash



Name

B darks
. FireCapture_v2.6
B flats
l jre
B b
B log
. . lugins

Set-up Fourth Simulation e
l scripts
[ | testimages
. altaircam.dll

Now we will place the fourth event in
FireCapture

Name

[ Go to the FireCapture folder : ;dp
0 Go to the “testimages” folder (Fig. 1) : -
0 Open the “moon” folder (Fig. 2) B st

l test
[l Hide the existed “moon.avi” video

[l Take the fourth video

[0 FDS_moon_4.avi
0 Place it in this folder
[0 Rename the video (Fig. 3) :

[ Name: moon.avi




Fourth Video

[0 This is a video with an
impact flash with small
duration

[ Set the proper threading
and parameters




Discussion

[0 What threading do you
use?

0 Is a multi-frame impact or
single-frame?




Offline Detection



Set-up

0 Firstly, unzip the folder
DetectionStandalone.zip

| Open the Detection
Standalone app

Il Det

@ Anpovpyia v

=)

B W

N Tagwounon v

&« > v N B  Jtoxsia Ajung > DetectionStandalone (3) > DetectionStandalone

‘Ovopa

E api-ms-win-crt-heap-11-1-0.dll
api-ms-win-crt-locale-11-1-0.dll
api-ms-win-crt-math-11-1-0.dll
api-ms-win-crt-multibyte-11-1-0.dll
api-ms-win-crt-private-11-1-0.dll
api-ms-win-crt-process-11-1-0.dll
api-ms-win-crt-runtime-11-1-0.dll
api-ms-win-crt-stdio-11-1-0.dll

api-ms-win-crt-string-11-1-0.dll

api-ms-win-crt-utility-11-1-0.dll
DetectionStandalone
DetectionStandalone
msvcp120.dli

msvcp140.dll

msvcr120.dll

packager.dll

B
B
B
B
B
B
B
ﬁ api-ms-win-crt-time-11-1-0.dll
B
B
B
B
B
B

ucrtbase.dll

E vcruntime140.dll

50 otoixeior | 1 emAeypévo otoixeio 20,0 KB |

Huepopnvia TpoToToL...

12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:41 pp
12/8/2022 10:41 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp
12/8/2022 10:42 pp

12/8/2022 10:42 pp

Tomog

ETEKTOON EQUPLO...
ETEKTOION EQUPLIO...
ETéKTOON EQAPUO...
EmékTaon eQapuo...
EméKkTaon eQapuo...
ETIEKTOON EQOPLO...
ETéKTOON EQUPUO...
ETéKkTaon EQapuo...
ETEKTOON EQUPLO...
ETéKTOION EQUPLO...

ETEKTOIOT EQOPLO...

E@appoyn

EikoviSio

ETEKTOON EQOPLO...
ETéKTOION EQUPLO...
ETEKTOON EQUPLO...
EméKTaon £QUPO...
ETéKTaon Eopo...

EMéKTOOn EQUPUO...

MpoBoAn v




Set-up

0 We will perform the task of
offline detection in a satellite
that was captured by NELIOTA

[ Name of the folder
“FDS_offline_1”

@ Anpovpyia v N Ta&woéunon O Npopory

& > v /> lunarflashes > event 5_2022.05.18.14.47

v Y Mpriyopn mpéoBaon
B Emgdveia epyac #
- TroeioaAqyne A

B tvvpooa »
— i Detection_Result localization_resul Event_Metadata frame_000 frame_000 frame_001
a Eoveg » 5 ts

Il event_2_2022.08.01.2
Il flash 6
W flash_1

W flash_1

frame_001 frame_002 frame_002 frame_003 frame_003 frame_004

° |

frame_004 frame_005 frame_005 frame_006 frame_006 frame_007

al

frame_007 frame_008 frame_008 frame_009 frame_009




@ Anuovpyia v N Ta&woéunon ~ O MpoBois ~

& > v AN B> lunarflashes > flash 6

v W Tpryopn mpdopaon

B Empdveia spyoci # @
A Troeia

B Eyvvpaga
Detection_Result localization_resul Event_Metadata frame_000 frame_000 frame_001

a Ewoveg » 5 =

B event_2_2022.08.01.2

I flash 6
Bl flash_1 @
e - u I flash_1
frame_001 frame_002 frame_002 frame_003 frame_003 frame_004

D We Wi | | p e rfo r m t h e ta S k Of frame_004 frame_005 frame_005 frame_006 frame_006 frame_007
offline detection in an impact
f | a S h t h at W a S C a pt u r e d by frame_007 frame_008 frame_008 frame_009 frame_009

NELIOTA

[ Name of the folder
“FDS_offline_2”




@ Anuovpyia v N Ta&wépnon v O MpoBoAn ~

& > v N | > lunarflashes > flash_1

v Y Tpriyopn mpéopaon

M Epdvaa epyaci # @

4 TroyeiaAjyne A

! Eyypooa »

— , Detection_Result localization_resul Event_Metadata frame_000 frame_000 frame_001
a Edveg » .
B event 2 2022.08.01.2
-
Il flash 6
Il flash_1
I flash_1

D We Wi | | p e rfo r m t h e ta S k Of ! frame_004 frame_005 !me 005 frame_006 frame_006 fi_/
offline detection in an impact | ‘ ” " : ' '
flash that was captured by I
N E LI OTA frame_007 frame_008 frame_008 frame_009 frame_009

[l Name of the folder
“FDS_offline_3”




B®  Xprjotec > georg > observations

0C PAKEAOG E

Huepounvia tpomomnot... | Tumog

Set-up

[ Offline Detection could take
the entire directory of the
observations of the day, and
not each event separately

[ Thus create a new folder and
name it "FDS_Offline" and
place all the above three
events

W 2022.04.13
il 2022.04.14
I 2022.04.15
I 2022.04.18
I 2022.04.24
W 2022.04.27
W 2022.05.04
I 2022.05.05
W 2022.05.09

i 2022.05.10

13/4/2022 12:38 pu
14/4/2022 2:12 pp
15/4/2022 1:19 pp
18/4/2022 2:41 pp
24/4/2022 9:52 pu

27/4/2022 6:05 ppt

4/5/2022 11:06 pu

5/5/2022 12:17 mu

9/5/2022 9:12 pp

10/5/2022 10:26 pp

DAKENOC apXEIWV
DAKENOC apXEIWV
DAaKeENOC apXEIWY
DAaKeENOC apXEIWV
DaKeAOC apXEIWY
DAKEAOG apXEIWV
DAKEAOG APXEIWV
DakeNOC apxEiwv
DakeAOC apxEiwY

DaKeAOC apXEiWV

«» Each of these folders contains up to 50-200 events
% Offline detection will inform us quickly which of them

could be impact flashes, and which of them are

satellite, cosmic rays



First Step

[ Offline Detection could take
the entire directory of the
observations of the day, and
not each event separately

[ Thus create a new folder and
name it "FDS_Offline" and
place all the above three
events

[ Select this directory and press
"Start Detection”

[l Wait a bit...

Choose the operation you would like to perform

Event Detection

Event Localization

Edit Parameters

Select Dark Image for Calibration (Optional)
No directory chosen
Select Flat Image for Calibration (Optional)

No directory chosen

Specify the constant for the flat and dark calibration (Optional)
100
Please choose a folder first and then start the process.
Select Directory

No directory chosen

Specify ROI Dimension (Optional)
30

Start Detection



What will happen while waiting:

[ For each event, the program will
read some essential information
from the metadata file

[ Select a Region of Interest around
the event

[ Perform Levenberg—Marquardt
algorithm and fit a 2D Gaussian in
the event

[ Depending on the characteristics of
the Gaussian the program classify
the event

| Observations directory

Appendix

l

Flat and dark
| calibration on event
images (if applicable)

Input or output

Process

ASCII file

l

| Read information
from metadata files

l

Average and
diference image
calculation

l

Hot pixel check

'

Lunar mask calculation
and outside of the limb
check

LMA application
on ROI

i y

Result images | Detection resulis




Results

|Event Directory Name FWHMx FWHMy ImpactFlash Satellite Hot Pixel

(flash_1 3,571 3,198 TRUE FALSE FALSE
\flash 6 2,255 2,453 TRUE FALSE FALSE
event_5_2022.05.18.14.¢ 2,399 22,761 FALSE TRUE FALSE

0 In the directory "FDS_Offline" you
will find a .csv file with the results

[l Moreover, a folder named
"Detection_Results" will be created

[ There you can find more
information about each event
detection results

Cosmic Ray Event outside of the limb Result:

FALSE FALSE Impact flash detected. (Coordinates: 1006, 721).
FALSE FALSE Impact flash detected. (Coordinates: 410, 235).
FALSE FALSE Satellite detected. (Coordinates: 747, 302).

I Detection_Results

@ Anuovpyia v N Tagwopnon v

& > v /B> lunarflashes > Detection_Results v

3

event_5_2022.05. OfflineDetection flash flash_1_ROIl_Imag
18.14.47 _ROI_Ima Results 6_ROI_Image e
ge

4 gtoixeiar |



Localization



First Event (provided by FDS team)



Set-up

0 We will perform the task of
localization in an impact flash
that we captured using this
software on 03/06/22

[J Choose the folder
“FDS_localization_1”

Name

. Event Metadata
¥ frame 000
n frame_000
* frame_001
n frame_001
* frame_002
n frame_002
* frame_003
B frame 003
* frame_004
n frame_004
* frame_005
B frame_005
* frame_006

frame_005

Date modified

8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM
8/9/2022 12:15 PM

Type

Text Document
FITS File
PNG File
FITS File
PNG File
FITS File
PNG File
FITS File
PNG File
FITS File
PNG File
FITS File
PNG File
FITS File

3 KB
5,403 KB
1,181 KB
5,403 KB
1,181 KB
5,403 KB
1,181 KB
5,403 KB
1,181 KB
5,403 KB
1,181 KB
5,403 KB
1,181 KB
5,403 KB




Set-up

[ Click “Event Localization”

[ Select the Directory of the
event

[ Input observatory information
as shown in the figure

[l Press “Start Localization”

' Detection Standalone Tool =

Choose the operation you would like to
perform

Event Detection Event Localiz...

i Configurations

' FDS: Localization X

>

Please choose a folder first and then start the process.
Select Directory

C:\Users\ivymo\Documents\NELIOTA\Data\0OOevents_example\impact Fl...

Enter observatory information:

Observatory longitude (deg): | 38

Observatory latitude (deg): | 23.7

Observatory altitude (km): | 0.5

(Optional) Telescope focal length (mm): | 0.0

— Start Localization



B ' FDS: Localization in progress, please wait a moment...

Set-up

[ After pressing “Start
Localization” you will wait a bit
for the program to
automatically find the lunar
limb.

0 Accurately finding the lunar
limb is important for the
localization



Results of automatically circle fitting

The results (e

These results
are empty
because no focal
length was given

Location of the event <

' FDS: Localization

Change circle color

W #{f2800 '

Center found (pixels):
X=3068.41, Y=897.90
Radius found (pixels): 3026.28

Pixel scale (arcsec/pixels): -
Suggested radius (pixels)

based on pixel scale: -

Click on the image to get the pixel
coordinates of the point:

Image (pixels):

Physical (pixels):

Impact location
Physical (pixels): X=1930, Y=885

100%

Change focus (zoom)

Hide circle View limb View impact frame

w circle

The following circle was found:

Undo Redo Past attempts

Reset to initial circle

AUTOMATIC CIRCLE FITTING
Change the parameters below and click Retry.
Change sd of gaussian filter:
=l 5 [ Info
Boost top and bottom % of image:

-1 0% | + Info

Retry
Reset to default

MANUAL CIRCLE FITTING

Click on the image and then add point
to manually select limb pixels.
Click manual fit when ready.

See last 5 points

Visual inspection of the results
— change color if you want

Add point | Undo previous point
Clear all points

Manual fit

Continue



Are we satisfied with the suggested lunar
limb?

View Circle View Limb

e

"

a5
4=

e
oF

)

4

1

R

e
S
fs

'T: -

b

317,
s

%)




If no, change parameters of the algorithm

.

Start

‘Input observatory |
information
.

~

( Start localization «——{ Wiite metadata )

| Select folder | y

< . h = \
—r A 'Select points < RERS
_Aetadata 4 v " y
» e parameters ’ w
lYes No T
v Vv A

~

\ 4

Process frames —N’\WriteZimages —» Circle fitting Display circle ——»< Circle ok?

_4




If no, change parameters of the algorithm

' FDS: Localization

Change circle color

W #{f2800 N

Center found (pixels):
X=3068.41, Y=897.90
Radius found (pixels): 3026.28

Pixel scale (arcsec/pixels): -
Suggested radius (pixels)

based on pixel scale: -

Click on the image to get the pixel
coordinates of the point:

Image (pixels):

Physical (pixels):

Impact location
Physical (pixels): X=1930, Y=885

100%

Change focus (zoom)

Hide circle View limb View impact frame

The following circle was found:

Continue

Undo Redo Past attempts

Reset to initial circle

AUTOMATIC CIRCLE FITTING
Change the parameters below and click Retry.

Change sd of gaussian filter:
= 5 |[BE Info
Boost top and bottom % of image:
= 0% |t Info
Retry

Reset to default

MANUAL CIRCLE FITTING

Click on the image and then add point
to manually select limb pixels.
Click manual fit when ready.

See last 5 points
Add point = Undo previous point
Clear all points

Manual fit




Set sd=4 and press Retry

IF rDs: Localization O X

View circle Hide circle | | View limb | | View impact frame

The following circle was found:

| Undo Redo Past attempts

Reset to initial circle
Change circle color

#ffffcc v AUTOMATIC CIRCLE FITTING

Change the parameters below and click Retry.
Center found (pixels):
X=3870.81, Y=1043.59
Radius found (pixels): 3837.31

Change sd of gaussian filter:

-4 |+ Info

pel e e Boost top and bottom % of image:
Suggested radius (pixels)
based on pixel scale: - = 0% |+ Info

Retry
Click on the image to get the pixel

coordinates of the point: Reset to default |

Image (pixels):

MANUAL CIRCLE FITTING
Physical (pixels):

Click on the image and then add point
to manually select limb pixels.

| t locati : .
mpact location Click manual fit when ready.

Physical (pixels): X=1930, Y=885

See last 5 points

=

@ 100%

( \ Add point | | Undo previous point
| Change focus (zoom)

Clear all points

Manual fit |




Set sd=6 and press Retry

IF rDs: Localization El X
View circle Hide circle | | View limb | | View impact frame ‘

The following circle was found: )
| Undo | | Redo | | Past attempts

Reset to initial circle
Change circle color R e o

-

I #{f8080 AUTOMATIC CIRCLE FITTING

Change the parameters below and click Retry.

Center found (pixels):
X=3677.02, Y=997.32
Radius found (pixels): 3639.54

Change sd of gaussian filter:

- 6 |+ Info

Pixel scale (arcsec/pixels): - Boost top and bottom % of image:

Suggested radius (pixels)

based on pixel scale: - = 0% | + Info

Retry
Click on the image to get the pixel -

coordinates of the point: | Reset to default

Image (pixels):
MANUAL CIRCLE FITTING

Physical (pixels):
Click on the image and then add point

to manually select limb pixels.

| t locati : "
mpact location Click manual fit when ready.

Physical (pixels): X=1930, Y=885 ) ]
See last 5 points
O 100% i

Add point || Undo previous point
Change focus (zoom)

Clear all points

| Manual fit |




Set Boost = 1%

' FDS: Localization O X
| View circle Hide circle | | View limb View impact frame

The following circle was found:

Undo | | Redo | | Pastattempts

Reset to initial circle
Change circle color

[ W #b3b31a v AUTOMATIC CIRCLE FITTING

: Change the parameters below and click Retry.
Center found (pixels):
X=3088.80, Y=901.62
Radius found (pixels): 3046.96

Change sd of gaussian filter:

- 5|+ | |Info

T A e Boost top and bottom % of image:
Suggested radius (pixels) 1
based on pixel scale: - o 1% Info

Retry
Click on the image to get the pixel

coordinates of the point: Reset to default |

Image (pixels):
MANUAL CIRCLE FITTING
Physical (pixels):
Click on the image and then add point
to manually select limb pixels.

Impact location Click manual fit when ready.

Physical (pixels): X=1930, Y=885

See last 5 points ‘

O 100%

Add point | | Undo previous point |
Change focus (zoom)

| Clear all points ;

| Manual fit |



Set Boost = 5% -> This is the best result

' FDS: Localization

Change circle color

Center found (pixels):
X=2931.24, Y=878.51
Radius found (pixels): 2886.93

Pixel scale (arcsec/pixels): -
Suggested radius (pixels)

based on pixel scale: -

Click on the image to get the pixel
coordinates of the point:

Image (pixels):

Physical (pixels):

Impact location
Physical (pixels): X=1930, Y=885

O 100%

Change focus (zoom)

View circle

Hide circle View limb | | View impact frame

The following circle was found:

| Undo

Redo Past attempts

Reset to initial circle

AUTOMATIC CIRCLE FITTING

Boost top

MAN

Click on the
to manually

Add point

tChange the parameters below and click Retry.

Change sd of gaussian filter:

5|+ Info
and bottom % of image:

5% | + | | Info

Retry

Reset to default

UAL CIRCLE FITTING

image and then add point
select limb pixels.

Click manual fit when ready.

See last 5 points

Undo previous point
Clear all points

| Manual fit



If you are still not satisfied with the result use Manual Fit

/ Input observatory
(PR :
information

{/ Start localization v'}<—1/Wn'te metadata\)

T A - {:(Select points\:}< Manual

_Metadata p P
“_exists? -—No—n}nput metadat'a/) /" Change _ Automatic o>
\ parameters

lYes No T
A\ A 4 A
Process frames —»( Write 2 images/‘. »(  Circle fitting

.f Select folder |

Display circle —»< Circle 0k? >

A4




Manual Circle Fitting

IF r0s: Localization O X

Hide circle View limb View impact frame

The following circle was found:
Undo Redo Past attempts

Reset to initial circle
Change circle color

W #{f2800 AUTOMATIC CIRCLE FITTING

Change the parameters below and click Retry.
Center found (pixels):
X=3068.41, Y=897.90
Radius found (pixels): 3026.28

Change sd of gaussian filter:

=5 [+ Info

Pixel scale (arcsec/pixels): - Boost top and bottom % of image:

Suggested radius (pixels)

. - 0% | + Info
based on pixel scale: -

Retry
Click on the image to get the pixel

coordinates of the point: Reset to default

Image (pixels):
MANUAL CIRCLE FITTING

Physical (pixels):
Y ® ) Click on the image and then add point

to manually select limb pixels.

Impact location =
P Click manual fit when ready.

Physical (pixels): X=1930, Y=885

See last 5 points
100%

Add point | Undo previous point
Change focus (zoom)

Clear all points

Manual fit

Continue




Manual Circle Fitting

Select Point on the Image
Press "Add point"

Continue until you have selected
enough points

Press "Manual Fit"




The best result: Set Boost = 5%

[ See "Past attempts"

[ Choose the best fitting
circle

[l Press continue
[1 Wait a bit

' FDS: Localization

Change circle color
#ffcceb v

Center found (pixels):
X=2931.24, Y=878.51
Radius found (pixels): 2886.93

Pixel scale (arcsec/pixels): -
Suggested radius (pixels)

based on pixel scale: -

Click on the image to get the pixel
coordinates of the point:

Image (pixels):

Physical (pixels):

Impact location
Physical (pixels): X=1930, Y=885

O 100%

Change focus (zoom)

View circle

Hide circle View limb View impact frame

The following circle was found:

Undo Redo Past attempts

Reset to initial circle

AUTOMATIC CIRCLE FITTING

tChange the parameters below and click Retry.

Change sd of gaussian filter:

- 5|+ Info

Boost top and bottom % of image:

- 5% | + Info
Retry
Reset to default

MANUAL CIRCLE FITTING

Click on the image and then add point
to manually select limb pixels.
Click manual fit when ready.

See last 5 points

Add point || Undo previous point

Clear all points

Manual fit



Next Step

[ In this step you must answer two
questions:

A Is the non-sunlit lunar
hemisphere the east or the
west?

A Is the image flipped?

[ Use the reference Image to answer
these questions

' FDS: Localization

View filtered image View reference View impact frame

Filtered observation image

Use the reference moon picture (click View reference) to pic <
hemisphere and identify if the observation image is flipped
Pick non-sunlit lunar hemisphere:

East

@ West

Is the image flipped on the Y-axis? (upside down)
Yes

® No

Continue

Continue without
automatic rotation




Next Step

[ Is the non-sunlit lunar hemisphere
the east or the west?

@ West
0 Is the image flipped?
@ No

[ Then press "Continue without
automatic rotation”

[ Wait... It will take a while

' FDS: Localization

View filtered image View reference View impact frame

Use the reference moon picture (click View reference) to pic
hemisphere and identify if the observation image is flipped
Pick non-sunlit lunar hemisphere:
East
(®) West
Is the image flipped on the Y-axis? (upside down)
Yes

® No

Continue

Continue without
automatic rotation

Filtered observation image




Next Step:

Automatic Correlation

Display
correlation

Correlation

£
<«——{ Write 1image

\

'

_Correlation. No
S ok? %

Yes

[ Continue )

|

' Move image

—

Create projection

«

/Select hemisphere"‘w!
\_ and orientation




Automatic Correlation

[ The image must be rotated so
that Mare Humorum is in the
correct spot

' FDS: Localization

Try to match large lunar features

Info | Matching pixels: 67.81%

Change match color
W #0072b2 -
Change non-match color

M #d55e00 >
Info | Radius (pixels): 2875.53
Go back to circle fitting

Impact flash: green cross mark

Impact flash location (pixels)
Physical: X=1886, Y=3543

Lunar coordinates (deg):
Longitude= -24.54
Latitude= 8.06

Image (pixels):

Physical (pixels):

Create a red cross mark

Mark point | | Remove mark

View correlation

Change rotation angle (based on unrotated image):

Correlation
p TR >

View moon

View rotation

Undo Redo
Move history

Reset to initial

0 pixels

Shift horizontally

Shift vertically

Change focus (zoom)

Flip vertically and retry



Iew moon

Vv

10N

iIon

View rotat

Suggested rotat




Rotation: -31.53 deg

' FDS: Localization

Try to match large lunar features
Info | Matching pixels: 67.81%
Change match color
M #0072b2 v
Change non-match color

M #d55e00 v
Info | Radius (pixels): 2875.53
Go back to circle fitting

Impact flash: green cross mark

Impact flash location (pixels)
Physical: X=1886, Y=3543

Lunar coordinates (deg):
Longitude= -24.54
Latitude= 8.06

Image (pixels):
Physical (pixels):

Create a red cross mark

Mark point | | Remove mark

)

Undo Redo
Move history

Reset to initial

-1 pixels

Shift horizontally

Shift vertically

100%

Change focus (zoom)

Flip vertically and retry

Change rotation

Rotation angle (deg): -31.53

180 155 130 105 80 55 30 5 20 45 70 95 120 145 170 180




Mare Humorum is now correctly placed

B ' FDS: Localization X
0 If you are satisfied W|th th.e c'c'>rrelat|on et [ONG=-DE.76 IAT=A 18
press Complete Localization Proceed and write results to localization_logger.txt?
)



Results on the event directory:

« Documents > NELIOTA > Data > 000events_example > impact Flash v O D Search impact Flash

A

2
localization_resul Even(Uhvetadata.t frame_000.png frame_001.png frame_002.png frame_003.png
X ts xt
frame_004.png frame_005.png frame_006.png frame_007.png frame_008.png frame_009.png
< Data > 000events_example > impact Flash > localization_results v O Search localization_results
A

frame_010.png

4 4,

5 0-impactframe.p 1-stacked.png 2-removedLight. 3-sobel.png 4-limb.png 5-circle.png
png
6-projection.png 7-rotation.png 8-correlation.png localization_logg

er.txt



Results on the event directory:

[ This event was also captured by NELIOTA and we can compare our localization results

| localization_logger.txt - Notepad

Detected NEO Lunar Impact Event

File Edit Format View Help

lLocalization Process Starte - \ivymo\[ ID: 20220603 182131
Lunar coordinates (deg):(LONG=-28.86, LAT=-4.25 Voon B _T :
oon Position (Topocentric Finderchart ()

Other info: A"f"a”: i
Center coordinates (deg): LONG=355.79, LAT=-5.70 :':,'wdeweg):_ :-
Angular diameter (arcmin): 29.36 e (a-

. 5 Event Data

PlX?l sedle (aresecipixel): n - UT Date (DD/MM/YYYY): 03/06/2022
Radius calculated based on pixel scale (pixels): - T T I
Radius (pixels): 2883.14 i
Center of circle (pixels): X=2927.77, Y=877.40 T
Rotation angle (deg): -31.53
Offset (pixels): X=0, Y=0

Impact location on rotated image (pixels): 1684, 2930
Localization stopped at 2022-07-17 11:01:56.913.

Lunar Long (deg):
Lunar Lat (deg):

Additional Information
Number of Cameras:




Second Event (provided by
NELIOTA)

Event from Kryoneri telescope at 2020-06-25 18:28:18



Set-up

0 We will perform the task of
localization in an impact flash
from Kryoneri telescope at
2020-06-25 18:28:18

[ Choose the folder
“FDS_localization_2”




Set-up

[ Click “Event Localization”

[ Select the Directory of the
event

[ Input observatory information
as shown in the figure

[ This time, give the focal length
of the telescope to calculate
the pixel scale

[l Press “Start Localization”

' Detection Standalone Tool = X

Choose the operation you would like to
perform

Event Detection Event Localiz... 1 [:>
' FDS: Localization

Please choose a folder first and then start the process.

i Configurations Select Directory

No directory chosen

Enter observatory information:

Observatory longitude (deg): = 37
Observatory latitude (deg): = 22.5

Observatory altitude (km): | 0.9

:> (Optional) Telescope focal length (mm): | 3440

Start Localization



Fitting Circle

[ With the pixel scale, a suggested
radius is calculated

[0 Compare with radius found by
circle fitting

pixel size (um)  arcsec

' FDS: Localization

View circle Hide circle View limb View impact frame

The following circle was found:

Change circle color

W #f£2800 -

Center found (pixels):
X=1265.14, Y=639.93
Radius found (pixels): 1237.65

Pixel scale (arcsec/pixels): 0.78

Suggested radius (pixels)
based on pixel scale: 1239.88

206.265 =
focal length (mm)  pixel

Click on the image to get the pixel
coordinates of the point:

Image (pixels):
Physical (pixels):

Impact location
Physical (pixels): X=383, Y=659

) 100%

Change focus (zoom)

Continue



Next Step

[ Is the non-sunlit lunar hemisphere
the east or the west?

) West

[0 Is the image flipped?
A Yes

[ Let's do automatic rotation

' FDS: Localization

View filtered image View reference View impact frame

Use the reference moon picture (click View reference) to pic
hemisphere and identify if the observation image is flipped

Pick non-sunlit lunar hemisphere;
East

® West

Is the image flipped on the Y-axis? (upside down)

~~

(®) Yes

—/

No




IF 0s: Localization O X

View correlation View moon View rotation

Correlation
=,

Try to match large lunar features
Info | Matching pixels: 61.82%

Change match color Undo || Redo

W #0072b2 v Move history

Change non-match color

Automatic rotation .. .

Info | Radius (pixels): 1237.65

Reset to initial

IJ

n
o
N
(%]
wu
(=]

Go back to circle fitting 0 pixels

[ Automatic rotation found a rotation  'mpactflash: green cross mark Shift horizontally

Impact flash location (pixels)

angle of 21.7 degrees Physical: X=412, Y=1547

Lunar coordinates (deg):
Longitude= -47.18
Latitude= 10.52

Shift vertically

63%
Change focus (zoom)
Image (pixels):
S i
Physical (pixels): Flip vertically and retry
Create a red cross mark

Mark point || Remove mark

Rotation angle (deqg): 21.70

180  -155  -130 105  -80 -55 -30 -5 20 45 70 95 120 145 180

Rotate

Complete localization



is correctly matched

| crater

imald

Gr




Comparing results with NELIOTA

B | FDS: Localization X Event Data
UT Date (DD/MM/YYYY): 25/06,/2020

Resu LONG=-47.18, LAT=10.52 et =
ESW R (mag): 79 £ 0.1
Proceed and Wr S 10 | (mag): 6.7 + 0.0
localization_logger.txt? @ng (deg): E
Lat (deg): 10.8
— Mo nar Lat (deg)

Duration (sec): 0.132




Third Event (provided by NELIOTA)

Event from Kryoneri telescope at 2018-08-08 02:29:44



Set-up

0 We will perform the task of
localization in an impact flash
from Kryoneri telescope
at 2018-08-08 02:29:44

[J Choose the folder
“FDS_localization_3”




Set-up

[ Click “Event Localization”

[ Select the Directory of the
event

[ Input observatory information
as shown in the figure

[ This time, give the focal length
of the telescope to calculate
the pixel scale

[l Press “Start Localization”

' Detection Standalone Tool = X

Choose the operation you would like to
perform

Event Detection Event Localiz... 1 [:>
' FDS: Localization

Please choose a folder first and then start the process.

i Configurations Select Directory

No directory chosen

Enter observatory information:

Observatory longitude (deg): = 37
Observatory latitude (deg): = 22.5

Observatory altitude (km): | 0.9

:> (Optional) Telescope focal length (mm): | 3440

Start Localization



Fitting Circle

0 With the pixel scale, a suggested
radius is calculated

[0 Compare with radius found by
circle fitting

0 Clear image, better results

pixel size (um)  arcsec

206.265 =
focal length (mm)  pixel

' FDS: Localization O X

Hide circle View limb View impact frame

The following circle was found:

Undo Redo Past attempts

Reset to initial circle
Change circle color

W #ff2800 v AUTOMATIC CIRCLE FITTING

Change the parameters below and click Retry.

Center found (pixels):
X=-220.59, Y=630.01
Radius found (pixels): 1279.69

Change sd of gaussian filter:
= 5 [+ Info
Pixel scale (arcsec/pixels): 0.78 Boost top and bottom % of image:

Suggested radius (pixels)
based on pixel scale: 1279.60

- 0% | + Info

Retry
Click on the image to get the pixel

coordinates of the point: Reset to default

Image (pixels):
g e MANUAL CIRCLE FITTING
Physical (pixels):
v ® ) Click on the image and then add point
to manually select limb pixels.

| i . )
mpact location Click manual fit when ready.

Physical (pixels): X=809, Y=99

See last 5 points
100%

: Add point || Undo previous point

Change focus (zoom)

Clear all points

Manual fit

Continue



Next Step

[ Is the non-sunlit lunar hemisphere
the east or the west?

) West

0 Is the image flipped?
A Yes

[0 This time we will not do automatic
rotation




IF Ds: Localization O X

View correlation View moon View rotation

Correlation

Try to match large lunar features

Find the right rotation = o

Change match color Undo || Redo

W #0072b2 v Move history

Change non-match color T
Reset to initial
B #d55e00 v

0 This time try to find the right rotation info | Radius (pixls: 1279:69
Go back to circle fitting 0 pixels

[ Use rotation of 1.2 degrees

Impact flash: green cross mark Shift horizontally

Impact flash location (pixels)
Physical: X=2310, Y=1830
Lunar coordinates (deg):
Longitude= 61.35

Latitude= 27.30

Shift vertically

100%
Change focus (zoom)
Image (pixels):
Physical (pixels): Flip vertically and retry
Create a red cross mark

Mark point || Remove mark

— Rotation angle (deg): 0.00

0
o
w
(5}
w
[=
o
[}
o
o
w
o
o]
w
J
)
1
n
[=
o]
[}
s
[

Rotate

w
U

Complete localization



Shift Horizontal and Vertical

[ Horizontal shift by 6 pixels
[0 Vertical shift by 3 pixels

IF Ds: Localization O X

View correlation View moon View rotation

Correlation

Try to match large lunar features
Info | Matching pixels: 42.03%

Change match color Undo || Redo

W #0072b2 v Move history

Change non-match color T
Reset to initial

M #d55e00 v
Info | Radius (pixels): 1279.69

Go back to circle fitting 0 pixels

Impact flash: green cross mark Shift horizontally

Impact flash location (pixels)
Physical: X=2310, Y=1830
Lunar coordinates (deg):
Longitude= 61.35

Latitude= 27.30

Shift vertically

100%
Change focus (zoom)
Image (pixels):
1 Nt .
Physical (pixels): Flip vertically and retry
Create a red cross mark

Mark point || Remove mark

o Rotation angle (deg): 0.00

5 20 45 70 95 120 145 180

o
o
v
%}
w
o
o
[
w
o
v
o

")

Rotate

w
U

Complete localization



Mare Crisium is how correctly placed

B ' FDS: Localization

0 If you lfare satisfied W|th th.e c'c'>rrelat|on Rl LONG = 2578 LhTad s
press Complete Localization Proceed and write results to localization_logger.txt?

)



Comparing results with NELIOTA

® | FDS: Localization X Event Data
UT Date (DD/MM/YYYY): 08/08/2018
Result: LONG=60.96, LAT=26.39 UT Time: 02:29:44.573
Proc 0 R (mag): 8400

localization_logger.txt? I (mag): 73 £00
nar Long (deg): 60.2
Yes No nar Lat (deg): 26.6
Duratio T’

U. 165




Thanks for your attention



