Processing meteor spectra

Introduction

This manual describes the processing of meteor spectra obtained with video cameras. Slightly
different methods are used for colour cameras such as Sony alpha 7S or Canon EOS6D and
b/w analogue video cameras such as the Watec 902 Ultimate H2, which are used as
examples. The manual applies for other cameras as well, some settings may be different.

For the pre-processing IRIS has been used (http://www.astrosurf.com/buil/us/iris/iris.htm) for
most processing steps. Although a little bit outdated, it has the advantage that most operations
required for the spectra processing can be done and it has a simple script language which
allows describing the sequence of commands in a simple way. A list of the available
commands is given here with descriptions:
http://www.astrosurf.com/buil/iris/nav_pane/CommandsFrame.html

It even allows combining commands in simple programs which simplify the processing.

Of course, other image processing software can be used as well, as long as they contain the
same or equivalent functions.

The method used for the calibration of meteor spectra is based on an image transformation to
an orthographic projection, which is described here:
http://www.meteorastronomie.ch/images/20160605 MeteorSpectroscopy Dubs IMC2016.pdf
and here:

http://www.meteorastronomie.ch/images/20160605 Calibration_of Meteor Spectra Dubs IM
C2016.pdf

It was presented at the International meteor conference in Egmond, June 2 -5, 2016
http://imc2016.amsmeteors.org/, where other interesting papers on current activities in meteor
observation may be found.

Pre-processing

Extraction of single images from video with VirtualDub

IRIS has the function File i AVI Conversion i Convert, which converts video files directly into
the IRIS format (see below). However it has problems with compressed (Lagarith or Huffyuv)
files and sometimes it drops images. Therefore | use VirtualDub V1.10.4 for conversion of
video files into image sequences (http://www.virtualdub.org/index)

The video file as recorded by UFOCapture (HD2) is loaded and trimmed to length
VirtualDub 1.10.4 - [M20160606_230053_VTE_8.avi] — [] X
File Edit ‘iew Go Video Audio Options Tools Help

I 1 1 1 ) 1 1 1 1 - | 1 1 1 1 |
0 10 20 30 40 50 60 70 80 90100 110 120 130 140 150157
|| | ] |l o1 || | || — | \Frame 100 (0:00:04.000) [K]

Selecting frames 0-100 (100 frames)
The extraction is done with File i Exporti Image Sequence.

The single images are exported as .BMP (without loss of information) to the working directory
of IRIS. It is useful to create a separate directory for each video. This simplifies the processing
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as the same filenames can be used for intermediate steps and the same commands and
parameters can be used in many cases. Another possibility is to use a work directory and after
finishing the processing move everything to a directory for archiving the data. It is important to
set minimum digits to 1, as this produces an IRIS-compatible format

Image output filter: filename format X
Filename ml_
Filename suffix, including bmp
f——,

Minimurm number of digits in - i 1 f

Directory ko hold

Firsk Frame C:\DateniMeteorispectrumiMeteariFogerim_D.bmp

Z:\DateniMeteorispectrumiMeteoriRogerim_156,brap
——= (@) Windaws BMP

() TARGA (RLE compressed)

() TARGA (Uncompressed)

() IPEG

(CIPNG

Last Frame

Qukput Format

Quick compress

Cancel

| C:\Datent Meteor spectrumiMeteot R oger |

Creates m_0. bmp ¢é
(The image m_0 is not used in IRIS)

m _100. bm

Setup of IRIS

IRIS uses different formats (FIT, FTS, and PIC). FIT and th
selected in File - Settings:

Settings >

CO-ROM drive urit
|c:'~.

Wworking path

|c:'\datenkiris'\wnrk'\ I

software.

p (even if it

e path of the working directory are

The FIT format is selected because it it used
in most astronomical spectroscopy prcessing

says

Stellar catalog path

BTh catalog path

The other entries are not used (except for a
star catalog, which is needed for the

Ok

an earlier command, the command can be modified and
repeated with ENTER. This saves much typing J . If the
parameters of a command are not known, just type in the
command without parameters, a Syntax will follow with a
short explanation. The meaning of the commands will
become clearer in a moment'.

| daten’cataloghtycho' jdvcatalogh automatic extraction of laser calibration lines
Script path AudeLA path from images, but this can also be done
— manually).
c:hdatenhinizhwark, ch A ) )
| | IRIS is best used with the command window,
File type COM which is OpGnEd from the tool bar:
f‘FTSl’"PIE 2 Here the commands ar e
and executed with ENTER. By going back to
Command window Telescope command ) ) o
essing  Spectro Analysis Data Base  Digital photo
A Ltipl ¥ |+200 " USB
S @ +| o

rmand

»load m_50
»conwvertbrip2d m_ b 50

Syntaw convertbrmp2d [input] [output] [rumber]
»add2 b &0

Syntaw: add2 [narme] [number]

>loadbrp2dbw m_E1

»visy 50000

I sethase B

>convertbmp2d m_ m 40

*

Litis good practice to copy the content of the command window to your logbook periodically, for later reference to

the sequence of steps which lead to the final spectrum (also helps if you
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Creation of background image

Usually there is a background visible in the absence of any meteor (sky brightness, stars,
moonlight, artificial stationary lights). This should be subtracted from the meteor spectra as a
first processing step. The background image is created by averaging a number of images.
Typically the video starts with pretrigger, so the first NB frames can be used for the
background. A suitable number is converted to FITS:

>CONVERTBMP24 m_b 50

The corresponding command for b/w images (Watec etc.) is:

>CONVERTBMP m_ b 50

Images from VirtualDub as *.bmp contain 3 (identical) colour planes, these can be converted
to monochrome fit-images with the command:

>CONVERTBMP24BWm_ b 50

(See the Appendix for the definition of the commands)

There is a command for averaging images in IRIS, but it was found that it does not always give
correct results. Therefore we use the following workaround:

The background images are stacked with the following command

>ADD2 b 40 (40 is the number of images to be stacked, adjust to the length of the pretrigger,
check also for overflow, see below)

The result is stored in temporary memory and displayed on screen

>MULT 0.025

>SAVE back

>VISU 10000 0

The average is calculated by multiplying by 1/NB (in this example 1/40 = 0.025) and saved as
back.fit

Make sure you do not get overflow in the resulting image after stacking, maximum for IRIS in
the FIT image is +/-2*15, the 8-bit image gives 278, so do not add more than 277 = 128
images. If you convert to b/w you have to add the three channels, so another factor 3 is
required, therefore adding 42 images never gives an overflow. The VISU command allows to
adjust black and white levels of the image on the screen (does not change the values of the
stored image)

Example:

2016/06/06 23:00:58.8 000388: 00000 018 Sony_a7sII Canon_24mm_1.4 VTE 8 | www.ogvt.org

back.jpg, copied to M20160606_230053_VTE_8P.JPG, for use in UFO analyzer, together with
M20160606_230053_VTE_8A.xml
Left star: Mars, top centre; alp Boo
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Creation of meteor images, subtraction of background, flat field correction

The next step is to create the background corrected meteor images. These can be
transformed to a linear wavelength scale before registering them and then stack them to get
the time integrated spectrum (or a time series of individual spectra). All commands in IRIS
operating on a series of images (such as ADD2 [image] [number]) always assume that the
counting index goes from 1é number. For register
the image, so you have to find the first image with the meteor (either the zero order or if this is
out of the image a prominent line, e.g. the Na-line). This can be done in VirtualDub with the
slider for the image number or in IRIS by selecting the image with

>LOADBMP m_xx  (for b/w images)

>LOADBMP24BW m_xx (converting colour images A b/w)

Here xx denotes the number of the image you would like to see.

Once the first image in the sequence is found, you set the start index of the input of the
command CONVERTBMP24 or CONVERTBMP to this value with e.g.

>SETBASE61

In this example this means that the following command starts extracting the images from
m_61.bmp and saves it as m1.fit up to m40.fit. For a description of the commands see the
appendix of this manual.

Then extract the meteor spectra with index starting from 1 with

>CONVERTBMP24 m_m 40

This creates ml. fit é m40. fit, in the correct no
In order not to forget, reset the base index with
>SETBASE 1

The background is subtracted from all these images with

>SUB2 mback nb 0 40

Where the image fbackdi s subtracted from the i mages mlé m40
mb40.

Notice the structure of this command (for details check the appendix):

SUB2 stands for subtraction of a series of images

m is the root of the image series (m1, m2 ¢€)

Ambd stands for meteor background s uBhonramesed, bu
are preferred, easier to remember, use of the same names for the same processing step is

recommended. It is also useful to copy the content of the command window to a log file for

later reference, to remember the processing steps.

The division by a flat field also belongs to the pre-processing; this will be added in a later
version.

Use of IRIS script command

Repeating the commands for creating a background image or a series of meteor images is
instructive in the beginning. After processing several spectra one may look for a simpler
method. IRIS has the possibility to run simple batch commands or scripts with the command
RUN [param1l] [param2] ... [param5]
Check the IRIS commands for details:
http://www.astrosurf.com/buil/iris/nav_pane/commands_iris_v5.0.html#run
IRIS Version >5.00 implements the possibility to run a succession of commands from a script
file in text format. This script file (or batch file) must mandatory have the extension "pgm®, for
example "myprogram.pgm".
Scripts are run with the RUN command from the console.
The first parameter of the run command is the name of the script file, the other parameters are
parameters used in the script file.
For the processing of meteor spectra the following two script s are useful
M_BACK.PGM and M_DARK.PGM.
RUN M_BACK [l, B, NB, MULT] calculates background image

- I Input filename.bmp

- B: Background filename
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- NB; number background images
- MULT: multiplier for background B = (Sum I1...I NB)*MULT
since the program cannot do arithmetic calculations, MULT has to be calculated
externally: MULT = 1/NB and entered as a parameter
The effect of the averaging is seen in the following images, readout noise is reduced by a

» ) Hies: 5 Zl0le =4 s 2 (s
M_1 visu 10 0 sigma = 4.4 ADU Back visu 10 0 sigma = 0.75 ADU, some stars,

hot pixels visible

RUN M_DARK[I, B, M, START, NM] reindexes and subtracts background

- START: first index of meteor image (used for stacking, so should be visible)

- NM: number meteor frames
You may have to edit the programs with a text editor to select the correct BMP extraction
command (CONVERTBMP24 CONVERTBMPBW or CONVIRTBMP) for colour or
monochrome images
The program files are stored in a directory which can be defined in the settings of IRIS:

Settings bt

— CD-ROM drive unit "Working path

Ic:\

— Stellar catalog path—————  —BTA catalog path
|daten'\catalog\ty-:ho‘\ |d:'\catalog\

— Script path —Audeld, path

N | daberiris ok, et

P,
e —

— File type — COM
& AT CFT5 O PC [2

— Command window———————— [~ Telescope command

v Hultiple & 200 © LUsE

In this case C:\Daten\IRIS\work.

Example of usage:

>loadbmp24bw m_1 I check correct directory, if image exists
>RUN M_BACK m_ back 40 0.025 ! new command

>visu 10 0 I stretch

>savejpg back 2 I see image above

>RUN M_DARK m_ back mb 51 20 ! new command
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>add2 mb 20
>visu 100 0 I stretch
>savejpg madd20 2

Gives the result:

(bfore orthgraphic pojetion, registering and stackin)
The preprocessing (without flat correction) is reduced to two command lines!

Creation of peak image

The purpose of this is the addition of images without increasing the background, e.g. for the

creation of a meteor trail from individual meteor video frames or for a combined calibration

image, showing the nonlinearity of the spectrum in different parts of the image area.

For a given series of images mbl é mb40 the foll
>ADD_MAX2 mb 40

>SAVE 160606add40b

>SAVEJPG160606add40t?

(Saving the JPG requires an additional parameter for the quality, 2 is a suitable value)

With the result:

48 1ol VNN
160606add40b.jpg
Notice that the background has been subtracted in this image; the bright star (mars) is barely
visible, the sky black.
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Creation of calibration images (required once per camera, lens, grating
combination)

(If the transformation parameters to the orthographic projection are already known, this
paragraph can be skipped)

For the transformation to linear spectra the parameters of the transformation to the
orthographic projection are necessary (X0, YO: coordinates in the image plane of the optical
axis; a3, ab: 3rd and 5th order coefficient of the radial transformation, for non-square pixels
yscale, the ratio of pixel height and width). These can be obtained from a least square fit of a
model of the lens-grating combination for a suitable spectral light source. The different orders
of known spectral lines are measured (xi, yi) and compared to calculated values from the
model. As a result also thee dispersion and the rotation of the grating are obtained. Different
zero order positions are selected, so the spectra cover most of the image are. This improves
the fit (polynomial). If only a restricted area is fitted, the fit outside this area would be quite
poor.

A suitable light source is a blue (405nm) laser, it gives many orders, but a green (515nm) laser
can be used as well or a red 633nm laser. Notice that the specified wavelength of a
semiconductor laser is not very precise, so it is advisable to check the calculated dispersion
with an actual meteor spectrum or a precisely calibrated (e.g. HeNe gas laser 632.816nm)
light source.

It is not practical to shine the laser into the camera, it is simply too bright. A better way is to
shine the laser on the wall of a dark room and take images (or short videos) of it with the zero
order in different vertical positions. If the horizontal spacing of the orders does not fill the
image area (e.g. for a high dispersion grating or long focal length) different horizontal positions
can be used. A minimum of 3, better 4 different orders should be measurable for each image.
Here the measured positions for an example (CanonEOS6D with Sigma 35mm, /1.4, green
laser, grating 600L/mm):

1200
A
1000 ¢ A * . ¢
* . .
800 A
A A
600 A A i
* *
’
400 A Y A A
L 4
A A A ¢
200 . 7S
¢
. A A A
0 500 1000 1500 2000

Red: left side of image covered, blue: right side covered)
An example with Sony alpha7s with Canon FD24mmF1.4, green laser, grating 600L/mm:
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Here the image format and the shorter focal length allows to measure 4 orders

The video sequences of each laser position can be processed as the background images
above (averaging some frames). For an overview they can be stacked as a peak image, but
they can also be analysed separately. It is important that the images are obtained under the
same conditions as the meteor spectra (same focus and same aperture). Speed and gain,
sensitivity or ISO setting may vary. Try not to overexpose as this reduces accuracy.

Measurement of image coordinates

In IRIS you can measure star or spectral line coordinates by making a rectangle around the
selected object, and with right click i PSF you obtain the following information (not very good
image, defocused, not monochromatic light source:

X
File  Edit

H=B32577 - v =493.082

Intensity = 41599.2 - Background =5.85
M agnitude =-11.548

Fi'HM < = 24.83 - Po/HM Y = 9.54 = |?484.8 B= |1.B1S

¥ = 11292604 ¥ = [484.484 l

P ] g T =y ¥, N

I><=1293.BD4 - = 484,484 | FuHM > = 12,62
Niensity = 0 - Background = 1.62

tagnitude = -3.685
Fu/HM X = 1262 - PwHM v = 9.92 PuwHMY = |g.52

The information is copied to the output window (In case you do not see the output window,

selectFilei image i nf oo from t he meheaderofthdimagd). Neededws t he
in our case are X and Y. With OK you can make the next measurement, starting from the left

to the right for all orders. The text in the output window can be copied with edit i copy for

further processing to EXCEL. There the unnecessary data can be eliminated, so two columns

containing x and y remain (in Iris the value pairs X, Y):

Xm ym

641.793  1049.961

1158.433 1022.883

1741.277 1048.13

This has to be done for all calibration spectra, 6 to 8 are sufficient to determine the
transformation parameters. The data are copied into the EXCEL worksheet for the evaluation
of the transformation parameters. The least square fit for the residual errors is done with the
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EXCEL solver and the results copied to the transformation window of ImageTools. See here
for details. In short, the following steps are required:
9 First save the template under the name of the calibration you would like to do and work
with this copy, in order to have a backup in case something goes wrong

f There are two different datasheets you can use, one with the 5" order polynomial fit,
useful for wide angle lens, the other with a fit to a square root, which is useful for longer
focal lengths. Check which gives a better fit.
1 Copy the measured positions of the laser lines into the required fields (in columns A:B,
starting from row 31)
Check and adjust the input fields, yellow: required input

Reset Fit Parameters

Choose suitable starting conditions for the Solver

T minimize Erers Run EXCEL solver for fixed Pixel y/x ratio. The goal is to minimize
the total rms error: sqrt(dx”2 + dy”2) in cell G15
q eepresdts If you want to try another solution, copy the results in column G to

column H

If you do not know the pixel y/x ratio (rectangular pixels), you can also select

MINErrars , vary Xy

uses y/x, the pixel size ratio (vertical to horizontal dimension) as an

additional fit parameter (in cell E7). For square pixelssetE7toland wuse Ami ni mi
The results of the parameter fit for the required transformation into an orthographic projection
are contained in cells G:4:G8
= |= calib Sony new_ternplate3xlsm - Microsoft Excel
start Einfugen seitenlayout Formeln Uberprifen Ansicht Entwicklertonls Foxit PDF PDF Architect 4 Creator %9 @ = & 23_
| F25 - K \ v
=
2 B © (] E [F €] H 1 i
Sony alpha7s Canon
1 24mmF1.4 Laser spectrum image calibration, nm start order sta_
2 Input Parameters  Fit Output Param 5 Results Backup Order 10N B
3 Filename file change d d 1 345,807
4 Image size x 1920 scalingfactory 1.0000 0.9873 2 349,721
Reset Fit Parameters X
|5 Image size y 1080 center of syrmmetry x 945.6 945.1 3 352,725
3 Pixel size x [mm] 0.00844 center of symmetry v 538.3 544.8 4 355,563
7 - Pixel y/x no 1.000: 3rd order coeff. a3 1.295E-07]| 1.370E-07 5 358,386
finimize errars
8 Grating lines/rmm 600 Sth order coeff. a5 3.240E-13] 3.060E-13 3 361,406
| 9 Laser wavelength 518 focal length calc 22,490 22,454 7 361,406
10 backup results Binning -~ 2 g 361,406
|11 focal length specified 24 rms dx 0.620 0.598) 5 gon
|12 dispd [&/pixel, nm/}yes 1.251 rms dy 0.967 0.950
|13 : Rotation angle [*]  yes 0,494 rms total 1.149 1.123
TN rrors, vary xy ;
|14 center offset dx yes 14,397 weight x/'y 1 1] 2.000 4
|15 center offset dy yes -1.652 rms{weighted) 1.149 1.123
16 start order 0 rms nm 0.776 0.749
[ 1.000 -
17 Additional parameters,Fit Spectrum rms dx rrns dy
| 18 rad 57,2958 1 0.66 1.63
139 cd 1.0000 2 0.50 1.46| gooo
20 sd 0.0086 3 0,72 0.90
| 21 legca yes 0,1255 4 0,87 0,77
| 22 1el2cs yes 0.3240 5 0.46 0.59| -1.000 7
La2a I3 nss nse
M4k H calibration calculation2 calibration calculation3 %2 [«
Bereit | 73 | |[FE@mE 0% = U O]

calib Sony new_template3.xIsm

Alternative method for fitting transformation parameters

In the last paragraph the fitting of the transformation was described by a 5™ order polynomial.
This should be sufficient even for wide angle lenses (except fish-eye lenses). For spectra with
higher resolution longer focal lengths should be used. In this case even using a blue (405 nm)
laser may only show 3 different orders. The same is true with larger laser wavelength. With
only 3 or 4 laser lines per spectrum, fitting a 5™ order polynomial may give unstable results. An
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alternative is to start from the transformation equation for an ideal lens, as described in
equation 14 of:

fA practical method for the analysis of meteor spectrad Martin Dubs and Peter Schlatter,
WGN, the Journal of the IMO 43:4 (2015)

http://www.meteorastronomie.ch/images/Meteor Spectroscopy WGN43-4 2015.pdf

r g1+ 01/ 2 (+ 083K8*(r o6/ f)~r4 + é]

for the lens with focal length f. This equation does not contain a fit parameter; it describes the
inverse transformation from a tangential to an orthographic projection. For lenses with a small
distortion (e.g. telephoto lens) this equation can be used by adjusting the apparent focal length
f, to describe the actual distortion:

r = ro*[ )12+ +1PB228¢*r-6 /6f] f

Most lenses show a distortion in between a tangential and orthographic projection. This leads
to f, > f. For stability reasons of the EXCEL solver, not f, it used as a fit parameter, but
(1000*p/f)"2, with the pixel size p.

This method is implemented in a separate EXCEL sheetii s gr t f i t o

& |+ calib ternplate sqrbxlsm - Microsoft Excel - m} X
start Einflgen Seitenlayout Farmeln Daten Uberpriifen Ansicht Entwicklertools Faoxit PDF PDF Architect 4 Creator =7 @ o B ER
11 - J= | start order start and fit v
& B C D E F G H i
Watec 902H2 ultimate
1 |Tamron 12VG412ASIR Laser spectrum image calibration, nm start |
2 Input Parameters Fit Output Parameters Results Backup Order won =
3 Filename file change d7 de 1
4 ) Image size x 720 scalingfactory 1.0263 0.9183 2
Reset Fit Parameters
5 Irmagesizey 576 center of symmetry ¥ 3941 396.4 3
6 Pixel size x [mm] 0.0086 center of symmetry v 312.0 3111 4
T N Pixel /% yes 1,028 3rd order coeff. a3 1.915E-07 1.795E-07 5
minimize errors
3 Grating lines/mm 600 Sth arder coeff, a5 5.503E-14 4.831E-14 [
3 Laser wavelength 405 focal length calc 7.163 7.165 7
10 Binning 1f2 13.89] 143547527 g
backup results -
11 focal length specified 8 rms dx 0.380 0.436 2.000 -
12 disp0 [&/pixel, nm/pixe yes 2,001 rms dy 0.631 0.630
@ -
13 i) RIS R 5 Rotation angle[*] yES 0.043 rm.stota\ 0.737 0.766 1500 +——
14 center offset dx yes 34,150 weight ¥y 1 1
15 center offset dy yES 24,027 rms(weighted) 0.737 0.766 1.000 -
16 start order 0 rmsnm 0.760 0.873
17 Additional parameters,Fit Spectrum rms dx rms dy = 0.500 7
18 rad 57.2858 1 0.26 0.9 B
= 0.000
19 cd 1.0000 2 0.48 0.61 z
20 =d -0.0009 3 0.43 0.41 _é
-0.500 7
21 [1000%p/f21n2 yes 0.2831 4 0.29 017
22 0.0000 5 0.35 0.le -1.000 4
23 disp0 estimated 1.792 & 0.34 0.19
24 7 0.33 0.42 1500 4
25 g 0.41 1.26 Al
M 4 F M data Watec template_Sony template_Sth | template_sqgrtfit %2 14 20|
Bereit | = | |[E=E @ 10w (<) [} (+)

For a focal length f of approx. 7mm, 2 is fitted as 13.89mm, almost the double. The rms
values of the fit are almost the same as for a full fit of a3 and a5, but with more reasonable
values for the parameters. Threfore it is advisable to use this approximation except for wide
angle lenses.

Orthographic Transformation with ImageTools

With ImageTools
- Extract ImageToolsV11.zip to a suitable folder
- Start ImageTools
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- Load image(s) with File List T File i Open

F
File Calgefate Analyze Irmage Color
EeX| %
File Mame # Pixels ' Pixel: Date Obs Exposure |5
16060Eadd40b.fit 1920 1080
call&11.bmp 1920 1080
cal2_2fit 1920 1080
cal2_Bfit 1920 1080
£ >

- Select files to be transformed, use CTRL or SHIFT click for multiple selection
- In File List select Image i Meteor Spectra
- Copy the parameters from the EXCEL calibration sheet to the parameter window of

Meteor Spectra
Metear Spectra *

File(s) Cr\Dater\IRIS weork 160606 addaab fit hd

Scaling Factor in y 1.0

Prefix |d3|

Center of symmetry X |q4g.2 — N
Center of symmetry v [g3g.4
3rd order coeff, 1.384e-7

Eth order coeff, 071e-13

Or' =ril+..)

’\%@)r =r'(l+.)

Preliminary values for Sony alpha7s Canon 24mmF1.4 Koji Maeda, 2xbinning
notice the prefix to distinguish different parameter sets
sel ect r,this B (hdtrarsfprmation which was fitted in the EXCEL sheet. For
each p i Xydde transformed image the values x,y in the original image are
calculated and the intensity interpolated.

- With OK, the selected images are transformed; they appear with the prefix (d3_ in this
example) in the list. They are stored in memory.

- Select the files you would like to save and save them with Filei Sav e é

- Fill out the FITS-Header as shown below and select a suitable directory!

Files to save
d3_160606add40b ~

Standard FITS Keywoards  FITS Keywoards [free input)

Key Yalue [withaut Comment [withaut /]
DBJECT [Metear
OBSERVER ‘Hoger Spinneer
I TELESCOP \

DATE-OBS 20160606 23:03:53
EXPOSURE  [0.0333
[1I505PEED \0

|| |
| |
| |
EANSTRUME  |Sary alphaTsl || |
|| |
| |
| |

Target folder

[] [copstenyRisiwmark:

FITS data type

(O FITS, single precision IEEE fioating point

(®) FITS, unsigned 16-bit integer é\
() FITS. scaled 16-bit integer

O PRW

0K Cancel
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- (The exposure time is needed if the images are further processed in ISIS, so it is good
practice to fill it in at this point to avoid additional work later)

- For color images, select FITS, unsigned 16bit integer (this produces 48-bit color
images readable in IRIS, the highest bit cannot be used as IRIS uses a +/- 15-bit
format). Negative values, which may arise from subtracting the background, are
clipped. This should be avoided for high precision by adding a suitable offset. This is of
minor importance since color images are used mainly for aesthetic reasons, for
quantitative results the images are converted first to b/w images, see next point.

- For b/w images, use FITS, single precision IEEE floating point for highest accuracy. In
this case you do not have to worry about negative values.

- With OK, the selected files are stored in the selected directory

¥ File List b

File Calculate Analyze Image Color

= X| 4§
File Mame HPixels Y Pimels Do Ex. L. Min I
1B0606add40b.fit 1920 1080 190,00 254.00f C:ADaten'I RIS work'
callE11.bmp 1320 1080 0.00 285.00  CADatent RIS work'
cal2_2.fit 1920 1080 0.00 265000 C:ADatent RIS work
cal2_8.fit 1320 1080 0.00 255.00 N C:ADaten' RIS work's
d3 160606addd... 1920 1080 -108.4 2540 \C:ADaten® RIS work'

d3_cal2_2 fit 1320 1080 oo 285.0 ;5D atent RIS wark's
i 1320 1080 oo 2850 CoaDatenIRISwarkh

Path indicates, which files have been stored in what place.

in

ey R AT

- For easier analysis of the files they may be rotated, so that the spectra are exactly
horizontal (this allows also to check if they are exaactly straight). This can be done in
ImageTools in the File List. select the files to be rotated, select Image i Rotate/Tilt
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Enter the image center and the tilt angle (slant = 0), OK

Fotate, Tilt 4
File{s) C:AD atentIRIS worksd3_1G0R0Gadd40k fit ~
I
i
Cancel
-rt is added to the filename (appendix is not convenient for multiple files). Save as
before.
W File List *
File  Calculzte  Analyze lmage  Color
| X[ ¥
File M ame # Piwelz % Pixels  Date Obs Ewpozure 150 Min [EEH Path
16005 add40b. fit 1920 1080 9000 25400 CADatent RIS work)
callf 11 bmp 1920 1080 000 28500  C\DatentRISwork'
d3_1B0E0Eadd40b. fit 1920 1080 084 2540 CADaten’RIShwork)
i3 TBEGE adda bt fit: 1920 1080 16-06-05 23...  0.0333 \\ 11 247E  CADatentRISwork)
notice that time and exposure are updated here, missing after the orthographic
transformation ;-)
- The transformed files can be used for further processing in IRIS or elsewhere.
For multiple files use IRIS to rotate with the command
rot2 [in] [out] [X] [y] [alpha] [number]
Processing and extraction of spectra
Orthographic transformation
After the excursion to the calibration, we will come back to the processing of meteor spectra.
In the pre-processing a seriesNMofmet eor spectra mbehéreatedMthhave be
background subtracted. Before they can be processed with standard spectroscopy software
they are transformed to the orthographic projection with ImageTools (see above). This can be
done in one operation by sel enodtransfgmimglthemwitlhhe r el ev

the same transformation parameters (once entered, these parameters are stored in the INI-file,
so after restart of ImageTools there is no need to enter them again. They have to be changed
only for a different camera, lens, grating combination).

Only for colour images:

At this point colour images may be converted to b/w images. This is done in IRIS with the

command
>COL2BW mb mbbw 40

ImageTools can transform colour images. The advantage of converting them to monochrome
is 3x smaller required storage space and 3x faster processing speed. Unless you want to
produce a coloured spectrum, this would be a suitable time to do this conversion. The
extraction of 1-dimensional spectrum from the 2-dimensional image only works with b/w
images (most spectroscopic cameras are monochrome)

I Clear all files from the File

List

T Open the required files mbé
1 Select all with Ctrl A ( If the computer memory limits are reached (out of memory error),
select a reduced number (e.g. 20 spectra at once, depending on image and memory

size)
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1 Transform them with Image 1 Meteor Spectra (check the correct parameters). This may
take a while for large colour images)
If OK, delete the original images from the File List (they are still selected)
Select the transformed images, with prefix d_ and save them as unsigned 16-bit integer
for colour images, IEEE floating point for b/w images, compatible with IRIS. Check the
file header, especially date and time, exposure time

1 Delete the transformed images from the File List

1 Repeat, until all the images have been transformed
Back in IRIS; align the spectra parallel to the x-axis with the command
>ROT2 d_mb mbdr 960 540 0.494 40 (adjust values to actual image size, angle and number
of images)

E

Stacking

In order to increase S/N the spectra can be stacked. Before this they have to be registered.
This is possible, because they are all parallel and with the same dispersion in the orthographic
projection, which simplifies the processing considerably (otherwise, the spectra would have to
be linearized and calibrated individually before adding them). For the registering to work
properly, one well defined and isolated feature of the spectrum has to be used as reference
(normally this would be the zero order spectrum, in case this is not visible, another strong
isolated line (e.g. the sodium line can be used as well). It should be visible in all spectra,
especially the first one. In case this is not the first in the series, the command >REINDEX can
be used to correct the numbering acceptable to IRIS.

For registering: load the first image, select the reference by putting a rectangle around it with
the mouse and use the command

>REGISTER mbdr mbdrr 40 (select names of your choice, easy to remember and short)

The resulting images should be aligned in wavelength and vertically. They can be processed
with standard spectroscopy software. The basic steps are demonstrated here with IRIS.

The simplest way to produce a spectrum is to add (stack) the spectra. With the command
>ADD2 mbdrr 10 the first 10 spectra are stacked. The result resides in memory and is shown
on screen (use VISU to adjust the intensity thresholds or the sliders of the threshold window).
It can be saved as *.FIT with the command

>SAVE mbadd10

You can use reindex to stack the following 10 spectra

>REINDEX mbdrrtemp 11 1 10

>ADD2 temp 10

>SAVE mbadd11-20

Correction of slant

The motion of the meteor during the exposure time produces slanted spectral lines instead of
point like spectral lines:

LW A

U
nfortunately neither the speed nor the direction of the meteor can be chosen, so this effect is
always present to some degree. Unless the motion is along the x-axis, the x-component of the
motion can be corrected with the commands

>LOAD [image]

>SLANT 472 24, where 472 is the y coordinate of the spectrum and 24 the angle of the
slanted lines to the vertical. It produces the following result:
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Save this spectrum again

Extract the spectrum

Now you are ready to extract the (uncalibrated) meteor spectrum by adding the rows of the
image containing the meteor spectrum with the command

>L_ ADD 467 477, assuming that the spectrum extends over 10 pixels vertically, centred on
y=472. Make sure that you add all rows containing the spectrum, but not more, as this would

only add noise and residual background. The result looks like this:
_—il ~ TITSUR A T ——

looks still like an Yynage, but actually\is a 1-dimensional spectrum, stretched vertically for

ol (o) x|
13060
n G0GO-
t -840 , |
T 100 200 300 400 500

Pixel

The data can be saved with File T Save as from the menu in the plot window. This produces a
file *.DAT containing two columns, first the pixel number, then the corresponding intensity of
the spectrum. This is a common data format in amateur spectroscopy; most programs for
spectral analysis (Vspec, ISIS, Rspec, and BASS to name just some) can read this format®.
The IRIS commands used above work both for colour and monochrome images. The L_PLOT
command should be used with caution and only on monochrome images, produced from
colour images with the command COL2BW. Notice that L_PLOT scales the values to a
maximum of 215 (32768).

Calibration of meteor spectra

The purpose of the calibration is to convert the pixel scale into true wavelength. For a
spectrum extracted from an orthographic projection this is particularly simple, since the
spectrum is linear. The dispersion is constant, and the zero point of the wavelength scale is
given by the zero order. The wavelength corresponding to pixel p is calculated as

| (p) = dispO0*(p 1 po), where po is the position of the zero order.

In the case where the zero order is outside the image area, any spectral line with known
wavelength | . at position p.s can be used for the calibration:

[ (p) =1 e + disSpO*(P T Pres)-

2 In EXCEL you can read this as a text-file, select the first column and convert the text into columns with the menu
Daten i Text in Spalten (german version) and select SPACE as separator. This should produce two columns
containing pixel number and intensity as before.
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It is always a good idea to check the calibration and refine it if necessary. One source of error
is a wrong laser wavelength used for calibration. The typical laser diodes do not emit at a fixed
wavelength, but may vary with temperature, laser current or composition of the laser crystal.
Always check with a known spectrum. Good calibration lines are Na (589 nm) and oxygen
(777.4nm) lines in different orders.

The dispersion dispO (to be precise: the inverse dispersion) can be calculated from two line
positions

dispO=(Ii-1))/(piT p)

Better is to do a linear regression of pixel positions and known wavelength or | *order. This
gives also a good estimate of the precision. If the calibration is not perfectly linear (perhaps
with a grating inclined to the optical axis) a nonlinear calibration may reduce the calibration
errors. A third order polynomial should be sufficient in most cases.

Precise determination of dispersion

The linear and nonlinear calibration with fit of a polynomial will be shown with ISIS (personal
preference of the author, it has been used in other spectroscopy projects as well). Other
programs may be used as well, the principle is the same.

Extraction and calibration of spectra with ISIS

The spectra processing in IRIS is quite straightforward. Advanced methods of spectra
extraction are used in ISIS, such as

- Background subtraction from neighbouring region

- Elimination of artefacts such as cosmic rays (more important for long time exposures)
In addition, ISIS allows the determination of the wavelength calibration (linear or nonlinear),
useful to check the linearity of extracted uncalibrated spectra.
It is a program for stellar spectroscopy; therefore many functions are specific for that. For
meteor spectroscopy it is not well suited, but it can be used with some tricks.
It is well suited for the determination and application of the instrument response function (see
below).

Preparation

ISIS can be downloaded from http://www.astrosurf.com/buil/isis/isis_en.htm. Follow the
instructions there.

It also allows plotting of spectra in a useful way. You have to install Gnuplot for that, see here:
http://www.astrosurf.com/buil/isis/gnuplot/install.htm. There is a bug in ISIS, do NOT install
Gnuplot in the program folder of Windows, rather use C:\gnuplot or something similar.

ISIS is by the same author as IRIS (Christian Buil), therefore it has some similarities with this
program, in particular the same naming convention for files (m_1, m_2  éwjth a root and an
index starting from 1. The first step after installation of the program is to select the parameters
of the setup page:
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http://www.astrosurf.com/buil/isis/isis_en.htm
http://www.astrosurf.com/buil/isis/gnuplot/install.htm

B 1515 - vs.5a - m] ®
1. Image 2. General 3. Calibration 4.Go 5. Profile 6. Gruplot Masters Tools Misc Instruments Settings
Spectrograph model Language FITS extension
Star Analyser v O French @® Engish @ FT O FTS
Working directory Interpolator type Addiion mode for individual profiles
[e 2016 26 @ Bilinear O Spine () Standard ® Weighted
Speciral database directory Spectral calibration image Assistant
E 7 @ Sandard O Laterl Check fl names consistency
GNUPLOT software directory Spectral domain for profile scaling
[edatenvgnuplat Lambda1: (6600 | A Lambda 2: [6620 | A
Obsrvatory Erase automaticaly intemnediate fies
longtude : [5.7152 | deg. latiude: (439313 | deg.  Alttude m @ B
{ positive longitude at the east )
Name of output spectral files
Display Coef. cosmic rays fiter
Add your observer name to file name
[ Rainbow Lambds 1: A Llambds2: A Valus -
1515 Version 5.5.1 (C) 2014 Chrstian Buil

Setup

- Select spectrograph model: Star analyzer. This corresponds to a slitless spectrograph
such as an objective grating configuration.

- Select directories, in particular the working directory and the Gnuplot directory. Ifyou
have installed the database, you can also display the spectra of many reference stars
(useful for instrument response).

- Most of the rest is not needed, fill out as the example above (FIT, weighted, standard
calibration image.

ISIS processing

ISIS can be used to extract uncalibrated spectra from meteor images. As it is optimized for
stellar spectra, meteor images have to be pre-processed so that they look like star spectra,
which means they should not move from image to image. Therefore the pre-processing
including registering (dark subtraction, orthographic transformation, registering have to be
done beforehand, ISIS is used only for the extraction of the spectra with better background
subtraction and manual calibration with known meteor lines. As the pre-processing is done
externally, some preparation is necessary for the processing. The processing in ISIS requires
a dark image and a flat image. Since these steps have already been done, a dummy dark and
flat have to be created, starting from any meteor image. For the dark also an exposure time is
needed in the fit header

Select working directory

Make dark in Tools i Image processing 1

Make flat in Tools T image processing 2:

Compute an uniform image (synthetic flat-field) Compute an uniform image (synthetic flatfield)

Mame |ﬂat| |

Constart : Go

Mame : |dark| |

Constant : EI o

Load the dark image in Image and add exposure time to dark (to avoid division by zero) and
save again:
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B 1sis-vs.50 - m} x
1. mage 2 Genersl 3 Calibration 4.Go 5. Profile 6. Gruplot Masters Tools Misc Instrumints Settings
~ —

Image name {_[DARK i Display 4/ » Mest @)

Save

B

[ Graticule

DATE-DBS : |2016-03-1922:2313 |

DATEEND : | |

EXPTINE swoeate| |

In the following an example of a spectrum contaminated with strong moonlight is used to show
the capability of ISIS:

/ 62 UTC MAI_2 fe
The processing is done with the tab General:
B 1515 - va.5 - m] ®
1. Image ’m 3. Calibration 4.Go 5. Profile 6. Gnuplot Masters Tools Misc Instruments Settings
Foot name - Ot - o et
Images to process Spectral calibration
Generic name : |r | . Number : El (O Predefined mode | LISA (intemal neon lamp )
Calibration - 1 [ Spectral calibration (®) Predefined dispersion equation | see "Tispersion” tool in " Prafile” tab )

(O Filemode : |VIXEN VC200L LISA S| (type xoclst )

Instrument - |Watec302H Tamrongmm 600L/mm ~|
General parameters

Observatory © [MAI <]
Pixel size microns) - Fixed Y value for sequence
Cosmetic file : | | [ Sky not removed

Hour shift - El R
Instr. responsivity : l:l [ Wavelength registration
Wavelength shift (8) : D Cosmic rays fiter BT E TEE L

Object suffic :
[] Heliscentric radial welocity comection [1 Optimal binning l:l

Calibration suffix: [ |
[] Auto atmosphere 20D : 012 Rejection coef. : 18

Calibration prefix : l:l

Atmo. transmission : l:l oo D Automatic air mass computing

Attention:
- No spectral calibration
- Predefined dispersion equation
- Fixed Y reference value (otherwise weak meteor spectra are not found)
- Offset = dark = DARK

M. Dubs page 18/44 Processing meteor spectra V15.doc, 21.10.16



- With Next, go to Calibration tab:
Binning zone adjustment:

1. Image 2. General 3. Calibration 4 Go 5. Profile B. Gruplat Masters Tools Misc Instiuments Settings
| Image to progess: |20 Display “ » Mext = Savwe
| | ‘\_{_
| Header

! Tilt angle EI Slant angle : El Vertical coordinate : Graticuls
* coordinate of line at wavelength D A= [ pixels | Ermizzian ling

Fra/HM

Definition of area zone for sky evaluation and spectrum binning Statistic

Tilk
[ Predsfined values

i X Slant
pivels Display sky zane
El pixels

Spectrum position - Binning heigth El

Line PSF
El pixels
w32
VIEZ oremererree pisels ¥ 456
1:10
v
Displayed image : c:\daten\meteorspectrumimeteor2016\m2016041 341, fit 2016-03-1922:29:13 Exposure: 0.0 Domain
Seull haut : ' B3 200
Seull bas ' 1] El

Binning height should enclose spectrum, background nearby
Nexti Goi Display results A

B 1sis - vs.s. — m] b4

1. Image 2. General 3. Calibration 4. Go 5. Profile 6. Gruplot Masters Tools Misc Instruments Settings

Profile name ;| EXPIIIIAE] | Display O FITS @ DAT Chy ) Full v

Save

Header

Database
Dispersion
Response
Compare
Continuum
Edit

FWHM

Agithmetic
‘,‘A,_NW,J -
Shift

Nomalize

c\daten'meteor'spectum’\meteor\2016'm20160419.@m20160419.dat Crop

Wavelength 718000000 intensty - [0.000000 [ Auomaticthreshold  Highlevel : Lowlevel: [0 | Fiter

Save result as .FIT
Plot with Gnuplot: Free pit
- In Tab Gnuplot Name of le to pit : 20160419 |
- Free plot uses std2y.gnu
- 1 spectrum, 2 scales
- Check double axis lambdal: [0 | Lambda 2: [700
(script supresses 2" scale) v: o | ow

- P|Ot A Y1: El Y2: Double Y-axis

Output image name {png file) : |m20160413 |
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Tile : [m20160419_222913_MAI_2 |




m20160419_222913_MAI_2
500 . ‘

400

300 |-

200

Relative intensity

100 -

0 A

0 100 200 300 400 500 600 700
Wavelength* order (nm)
(wrong x-axis label, should be pixel)
The plot style can be adjusted by modifying std.gnu, std2.gnu and std2y.gnu (which reside in
the gnuplot directory
For comparison a spectrum extracted with IRIS (L_ADD and L_PLOT). Notice that the
background from moonlight has been greatly reduced with ISIS.

ISIS calibration

- Goto the profile tab

- Load an uncalibrated spectrum (*.dat from IRIS or @....dat from ISIS)

- Select dispersion

- Enter wavelength (to be precise wavelength*order) of selected calibration lines (or load
from file)

- Double click to the left and right of line to measure pixel position, value is entered into
table. If you want to re-measure, select row again. Repeat until all lines have been
measured

- Select order (1* order since spectrum should be linear, higher order can be selected if
enough well defined lines are visible)

- Compute polynomial
At the bottom the errors for each line and the rms value are displayed. With two lines
only and linear calibration the solution is exact, without errors. It is advisable to use
more lines and check for the residual errors. In case of systematic deviation, try a
higher order polynomial and see if the errors decrease significantly.

- Calibrate spectrum with zero order and Na:
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