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Origin

m Comets
— Dust tail crossing earth orbit
— Dusty snowball
— Low density
— Meteor streams
— 80 — 120 km height
m Asteroids
— Stone or iron meteorites, higher density, material strength
— Reaches lower atmosphere
= Very old material from beginning of solar system, original state
m Space experiment for the amateur
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Observation

m Visual
— Number, brightness, direction
m Photographic
— Radiant with simultaneous observation
= Video
— Path, velocity with simultaneous observation
— Origin, extrapolate backwards: Orbit elements

— Meteorites: dark flight, extrapolate forward
—> drop or impact region
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http://www.meteorastronomie.ch

® Swiss meteor Fachgruppe Meteorastronomie
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Fachgruppe Meteorastronomie
Example: Meteor 15. march 2015

m Observed over Germany and Switzerland
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Flight path with triangulation

- D ata fro m 102 UFOOTbitV2 - 7 ID / 18 rec (0 err 5 dup) / 11 indate / 11 single / 11 orbit / 1 meteors [ 11 plots S I 1= 2

Main | Quaty | Stream | Fadiant | Trail Map Ground Map | orbie |
csv dr [C\Daten\Meteor\UOZ\Data el ol oo base map [centeuropeGMeDTzne . zonm. el L B
F aI e ra out dir [C:\Daten\Meteor\UOZ'Out .| save Uos] F¥F AXML [20141031_030345_MAI_1 ] a'l
B E = ! (‘: al
[ ne[ e T e e

roperstion mode— allDon |_all D | V234
— Oberdorf &= =5s :
¢ par * BALI_O

@ unified radiant
[~ time IV trail

— Bos-cha . &
— Gnosca

bR e e O

==

4| | 3
EE [ localtime D1 [D
—_ Aarau = 1 20150315_194411 scH Fai
=1 20150315_194411 0BE_1 Fa
=1 20150315_194411 OBE_1 Fa
=1 20150315_194411 oBE_1 Fa
. =1 20150315_194411 0BE_1 Fa
=1 20150315_194415 BOS_2 sd
. n po I n =1 20150315_194413 GNO sd
=1 20150315_194420 GNO sd
=1 20150315_134420 FAL_2 sd
=1 20150315_194420 Fal_2 sd
=1 20150315_194411 (UNIFIED_10)

— h =30 km
— v=4km/s
Gotthard !

Ei | 20150315_194420 spo (2736,50/6) vo 14 8 2vr 9.8 amag 306 (8,848, 47.012)H 37.4 5. 74D)H 32.0 (32.0km)
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FMA Database, March 2014 — April 2015

ez B[] 3
Man | Quality | Stream | Radiant | Trail Map | Ground Map | Orbit |
csv dir [\Daten'\Meteor\UO2\FMA export . | elg [220]=sk [ 45|-tsal [120}ric | 2}-{-13]-={5.0]-d [ 1] save |
ot dir |C:\Daten\Meteor\U02\Out Jsa\re U csv (R Li* ds f* wgi vs Wicr [ star [v st [¥ap
ErrE e 1 elg 1572 ekt -20.9 W ax [v stp [+ td
y1 [207 =1 [12} a1} 2 : R
— i —_ —_ J range
¥2 - — | € latest
operation mode —| gl IDon | allDoff | w234
" sin_gle station |[= | key | D | =
£ pair * BAU_O &9
{« unified radiant || = BOS_1 984
[ time v trail [ ™ BOS_2 07
* BUE_1 1 b
- | + BUE_2 17
gray scale = EGL_1 383
v auto update = FAL D 168
* FAL_1 1342
allon | 14 | alloff || FAL 2 576
* Falera_ 23
* GNO 1 -
| | »
| » [ localtime [ D1 [mz  «
= 542 20141031 030343  SCH 50N
* 547 2014103103034 SON SCH
= 542 20141031 030348  (UNIFIED_2)
* 543 20141030_031449  GNO_1 FAL_2Z
= 543 20141030_031455  FAL_2 GNO_1
= 543 20141030_031457  FAL_1 GNO_1_|
* 543 20141030 031443 (UNIFIED_3)
= 544 20141030_032054  GNO_1 BOS_2
* 544 20141030_032060  FAL 2 BOS_2
= 544 20141030_032100  BOS_2 GNO_1
= 544 20141030_032054  (UNIFIED_3)
* 545 20141030_032314  BOS_1 GNO_1
= 545 20141030_032814  GNO_1 BOS_1
* 545 20141030 032814  MAI_1 GNO_1
= 545 20141030 032814  FAL_2 BOS_1
* 545 20141030_032814  (UNIFIED_4)
= 545 20141030_034553  GNO_1 FAL ilj
« | 3

Martin Dubs, Meteor Spectroscopy OHP 2016 page 8



Fachgruppe Meteorastronomie
Edmond Database, 2014

2 UFOOrbitV2 -- 236 ID / 220360 rec (383 err 462 dup) / 219898 indate | 187616 single / 91063 orbit / 24971 meteors | 91063 plots = e T |
Main | Qualty | Stream | " Radiant | Trail Map Ground Map | Orbit |
cav dir |G \Daten'Meteor\UOZ\EDMOND Jread Flcs base map |centeuropeGMeD1Znd J Z00 +||4 |ﬂ «| ¥ bt save |
out di [C\Dater\MeteorU020ut .. [save Ucsy I~ AXML [20141037 030349 MALT .| center] ~
y1 [2013]=] (‘: al '

. = range
y2| 2015 1 Iatest

operation mode — _all IDon | _all ID off V234
8 sin.gle station |+ Ty [ 1D [count =
" pair = 143-Gnosca_ 181 —

% unified radiart || = 143-Gnosca_Al 889

[~ time W trail || = AGO-Spec_ 2050

* AGO_ 3305
* ALLSP_1 &
I™ grayseale + AMOS4 301
v autoupdate || = AMOS 5: 335
+ AREO_ 254
alon| 14| allff ||« ARM.SIC_A1 103
+ ARM_1 416
= Almira_CObs_aQ 360 =
4| | 3
[ localtime [ D1 [m2 =
20140101_064550  Chaligny_01 GNO_t
20140101_054550  GNO_1 Chaligr
20140101_054550 143-Gnosca_Al Chaligr
20140101_054550  (UNIFIED_3)
20140101_235614  Tore E Chianti
20140101_235614  Chianti_MC Tore_E
20140101_235614  (UNIFIED_2)
20140102_001938  Tore E Chianti
20140102_001938  Chianti_MC Tore_E

20140102_001938  (UNIFIED_32)

20140102 _003554 Nydek_Gor_MP Barran
20140102_003558 Barrandov_\W5 Mydek_
20140102_003554  (UMIFIED_2)

20140102 _005405 Chianti_MC Ferrarz
20140102 _005405 Ferrara_SE Chianti
20140102_005405  (UNIFIED_2)
20140102_005539  Mydek_Gor MP  KNM_

20140102_005542 KNM_ Mydek_
20140102_005539 (UMIFIED_2)

20140102_010341 Chianti_MC Ferrarz
20140102_010342 Ferrara_SE Chianti

20140102_010341  (UNIFIED_32)

20140102_011207 Nydek_Gor_MP Barran

20140102 011211 KMM_ Barran

20140102 011211 Barrandov_\W9 KNM_ ¥
»
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Hardware

m Stefano Sposetti
— Pressure cooker with dome

— 4x Watec 902H2
ultimate video cameras

— Wide angle lens
f/1.0, 3 —8 mm

— Video grabber
— Intel Core-i7 Computer
m 1 camera to start with
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Software

m Metrec (Sirko Molau), special Hardware required
m CAMS (USA)

m UFO Tools (Sonotaco, Japan) in Europa widely used, compatible with
EDMONDS database

— UFO Capture: continuous video recording , saving of interesting
events with pretrigger (for meteors, lightning, sprites, birds etc.)

— UFO Analyzer: determination of flight path and velocity,
astrometry, star coordinates, magnitude

— UFO Orbit: determination of trajectory, velocity and orbit from
simultaneous observations

— Data from photographic observations can be used
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UFO Capture

Detecti - =l ol
= etection input | Operation | Profile | DB | ‘lve  Replay |

Video I jl j s_etl Prev | Stll | [T +freamask [T +5CL mask v +Hit mark ﬂ
. Captu re Audio INULL jl j set|| Nedt | I> I<| > | >|| IH |Snap5hot||_ Delnterlace Stepping

Tuner Il—j Fams_etl I
. P retri g g e r Size X Iﬁ Yi Iﬁ ™ ReSize X(IT Y57 C:A\Daten‘\Meteor’ 20154201503\ 20150308 \M20150308_204614_MAI_1

Codec [AVI =] 5=t Fes[25.000
r~ Frame Shift

Head [25 = Tail [25 = o [T =
—Video Trigger

Detect Area |DA26_0903bmp .| Eit |
Minffm) |3_j Maxisec) [0 :l' Extsize [0 :I'
¥ Detect Level Noise Tracking

Duatiof104 =] minDL[E  <Jminn ¢ =]
¥ Scirtillation Mask

SMievel[107 irFSMspeedIS =1 5Msize [5 :Il
[V DarkObjMask DOIeveI|5 o

[V SlowObiMask(v )P,@Fj SOsize [10 :I'

—Optional Triggers
[~ Audio [+ Time Interval (min) IF::I
— Super Impose
Format |3-;T3-;M UTC %F %L UFQCaptureV2

¥ One se mi | Y—Poqﬂ ::Ilﬂnsec-SS

¥ utc [~ ChangeDate |znnn1231_235555

Freview option | Area [~ MaskW [~ MaskE

20:46:14.934 UTC
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UFO Analyze

Ast ro I l I e t ry 2 UFOAnalyzerV2 C:\Daten\Meteor\2015\ 201503\ 20150308\ M20150308_204614_MATL 1 o] O] x|

"Main  Profile/Analyze |Class | Plat I Lty I “Wiew  Mask Editor ITmiI Map | Ground Map |
. 50308 dP P A [edi ¢ dot ¢ optmask I ma™ W ssaveN|savelx D027 y 0150
201 _MH_MN_‘IA'XN”%I&I ﬂl © line " areamask v ::1 l' . 2 Az 099.,%'11]1 ev 13.7351
Ig pa id [MAT Jsid[1 ] cbserverfratin | intlc next [auto | o sk -] reload | x1 |- 200 8390 dc 03 7620
can|a'5'D2H2.|lt| Iensl_HGZE‘I D| cap|VGDDD1A ||7 bbf

M fil| & darea ﬂl smag| _del |
Maanitude R o B T
g tme j memol:l step 001.000 j

. Ffomlﬂljpyx [:-.mstij [ atc 53.3:'
VeIOCIty k4 [ 000817 k3[ 01368~ k2[ 00624
v d 4.14j|7dy 2.?4H; [ ot 2.3551j

Faz (583763 Mev| 5662551 move «|» =
adj pos all | ddpix "m_l;l mask 25 link 13

A — \dpix avr 0.406 max 0.735
p| P98 | 0.00001(  Hdegavr 0.070max 0.124
il =N 2015/03/08 20:46:00)
Al U evH| 255/~ magh(0.2504] =]
2| ma0Yent [ 22|+ magl 2 3865 vt [0.20]=]
=8 m=250Tog(L}+5.77 (+/0.58)

analyze

ey 8 [ e[S [fe (24

click 1] ciick?| mod h | add a obi| delets a obi | delete a cip

M20150309_200854_MAI_1
M20150309_215345_MAI_1
Miﬂ‘qn?l 1 7?1“1? MAT 1

spo 0.0 0.2

spo 0.4 041
ann 2N n:!_ILI
»

dasslmlsec |m§g |cdeg|dr |d\r|\n'o |F5J
spo 2.300 -2.62 0.026 -.. -1 -1L0 44
4| | »
dip_name: | o | dass I mag I SEC -
M20150306_202855_MAI_1 1 spo 0.9 0.6
M20150307_011745_MAIL_1 1 spo -5 0.3
M20150307_030742_MAI_1 1 Js5eVi -20 06
M20150307_042931_MAI_1 1 spo 0.5 0.3
M20150308_204614_MAI_1 1 spo 26 23
M20150309_014746_MAI_1 1 spo 09 02 _|
M20150309_031623_MAI_1 1 spo -7 0.3

1

1

1
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Orbit calculation with UFO Orbit

m Terrestrial observer
— Radiant and velocity observed
— Correction for deceleration in atmosphere

— Correction for earth rotation:
0.456%cos(p) km/sec, rund 300 m/sec 2 v,

— Velocity correction for gravitational potential:
Vo? = Vg2 — 125.4
(v in km/sec)
— Correction zenital attraction
AZ=2*ARCTAN((v4-Vo)/(v4+V)*TAN(z/2))
m > velocity relative to earth outside gravitational potential
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Orbit calculation with UFO Orbit 2

m Velocity relative to earth
— (Vector-) addition earth orbit velocity (approx. 30 km/sec) -
— Heliocentric meteor velocity (x, Y, z, vy, vy, V,)

— From distance (1AE) and velocity -
semi major axis a
—> orbit time of revolution (3rd law of Kepler)

— Vector v and r (Vector sun — meteor) -
angular momentum (- eccentricity e),

— Orbit plane (inclination i, node Q)
— —> position of perihel o, T perihel

Martin Dubs, Meteor Spectroscopy OHP 2016 page 15
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Meteor spectroscopy

Hard- Software
Wavelength calibration
Spectrum extraction
Instrument response
Summary
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Hardware

m Watec 902H2 ult. Computar HG2610AFCS-HSP F/1 2.6mm fl

m 902H2 ultimate (spectroscopy) Tamron 12VG412ASIR F/1.2, =7mm fl

® 2nd camera with transmission
grating for spectroscopy
Thorlabs

300 L/mm - 600 L/mm

Visible Transmission Grating Test Data
100

90 —300 Grooves/mm
— 600 Grooves/mm
80 4 =830 Grooves/mm
—— 1200 Grooves/mm
704
60
504
40 -
30
20 -
10
0 T T ¥ T T T T T T T ¥ T T T ¥
300 400 500 600 700 300 900 1000 1100
Wavelength (nm)
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Starting point

m Camera with wide angle lens
® Transmission grating
— mounted perpendicular to optical axis!
= Problem:
— Moving meteor
— Curved spectra with nonlinear dispersion
— Cannot be stacked

Martin Dubs, Meteor Spectroscopy OHP 2016 page 19
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Spectrograph, theory

m Video camera with transmission grating in front of lens

= Grating equation:

— m*A*G=(sina-sinf)*cosy

— m: grating order, G: grating lines / mm |

— A wavelength |

— a, B: angle of incidence, transmitted beam < | |
y: cross, out of plane angle v %

m Inverse dispersion per pixel: > ‘
dMNdx = (cos B cos y)/(m*G*)*p (p: pixel size) A

— Example: f=7 mm, p = 8.6 ym, G: 300L/mm 3 = 0 - dNdx = 41A/pixel
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Vector theory wavelength calibration

m Grating in front of lens perpendicular to optical (z-)axis

= Unit vector (A B C) for py
Incident direction

m Diffracted beam
A'=A+mAG (x-axis)
B'=8B (y-axis)
C'=sqrt(1 — A2 - B"?)

m Spectrum on CCD plane

— Nonlinear dispersion
— Hyperbolic curvature

m  Spectrum straight linear in A',B'

Image plane

arf ik, &0
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Gnomonic and orthographic projection

m= Gnomonic, TAN = Orthographic, SIN
— R = f*tan(p) — R =f*sin(p)
— Great circles - straight — Great circles —ellipses
— Optimum for path, radiant — Latitude circles = straight
— Latitude circles - — Optimum for spectroscopy
hyperbola
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Calibration spectrum HeNe laser

m HeNe laser A =633 nm, f=4 mm

m Fit with polynom r =r'* [1 + 3.94E-07*r'2 + 2.01E-12*r'4]

m  Fit center X,, Y,

2014/12/07 19:30:88.888 UTC 00088 MO000O 003 Spektro Malenfeld

Composite spectra original

After applying transformation

Martin Dubs, Meteor Spectroscopy OHP 2016
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Orthographic transformation
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Orthographic transformation, result
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Orthographic transformation, result
m Frames converted to b/w, linearized,registered, M20151127 222709

m color
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Extraction of spectra

22222222222222222222222222
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Full processing

= Wavelength calibration V
= Flux calibration

Correct for:
— Background subtraction! ]
— Vignetting, field of view __ flat field correction
— Correction for image transformation In pre-processing

o Apply image transformation
0 Extract spectrum, calibrate wavelength
®m Instrument response
— Grating efficiency
— Camera spectral sensitivity (lens, CCD) = Instrument response
— Atmospheric transmittance

Martin Dubs, Meteor Spectroscopy OHP 2016 page 29
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M20160107_225526 JPMZ1 HDP, Iron meteor

m  Sirius
m Koji Maeda

m Canon EOSGD
Sigma 35mm/f1.4

m zero order missing
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Flat field

m Border not illuminated
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Reference spectrum (alp Cma)

= With flat correction, black/white
m Transformed to orthographic projection, rotated

Martin Dubs, Meteor Spectroscopy OHP 2016 page 33
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Saturation

m 1st and 2nd order on same wavelength scale

HROLE 0T _ 225528

INNNEEE

............................

Martin Dubs, Meteor Spectroscopy OHP 2016 page 34



Fachgruppe Meteorastronomie

Grating efficiency

m Depends on grooves/mm and groove angle

m Thorlabs: Visible Transmission Grating Test Data
100
90 ] — 300 Grooves/mm

— 500 Grooves/mm
20 - —— 830 Grooves/mm

— 1200 Grooves/mm

70 -
60 -
50 -
40 -
30 -
20 -

Transmission (%)

300 400 500 600 700 800 900 1000 1100
Wavelength (nm)
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Grating efficiency 2

m  Grating efficiency dependent on incident angle!
Calculated for groove angle 28.7°, n = 1.52

grating 1st order transmission 600 L/mm

efficiency

0% -

T T T T T T T
300 400 500 600 700 800 900 1000

wavelength [nm]

1100

alpha [7]
——-15
=—-7.5

7.5
==15

o =

15 0 -15°

incfdent
light
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Measured spectrum, Watec 902H2ultimate

m Venus spectrum add66-10calc
1.2 - . .

900
ftavelength (A)

Martin Dubs, Meteor Spectroscopy OHP 2016 page 37



Fachgruppe Meteorastronomie

Instrument response

m Measured spectrum / reference spectrum
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Instrument response

m  Spectrum of known object (Venus)
m Instrument response = measured spectrum / reference spectrum
m Meteor spectrum, wavelength calibrated
m Corrected spectrum = meteor spectrum / instrument response
24 04add2?0cal response
4 ' 24_04add20cal
35 24 Ddadd20calrespV —— -
sl | .F|
25 | } \ |r]
2L 1
f‘ 1
15 | M | | -
1} J|I| / k\ {[U\ \ .
= JL
ns I ql\_a.\_.l"-,\‘ -'ﬁ".__ d/,.j f‘\,-‘__.: ;‘:’J{ 1 \\'\ . ,.-"_’-Tf:.,"._. II'-_,K' |I l kh“"l.' | "Jl- |'Ih‘lrl A\‘H
0 L— i — ) — e L
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Conclusion

Grating mounted perpendicular to camera axis
Orthographic image transformation gives linear spectra!
Precise flux calibration depends on many factors, approximations used

Looking for low cost, sensitive, high resolution, high dynamic range
video camera

m Full format colour camera (e.g. Sony)
+ Color - easy interpretation
+ Orders can be separated
+ High resolution
— Bayer matrix lower sensitivity
— Difficult to analyse (Instr. Resp.)
— cost

= Video camera (e.g. Watec)
+ High sensitivity
+ Spectral range
+ Low cost
— Small field of view or
— Low spectral resolution
— QOverlapping orders
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Spectrum recording and processing software

m UFO Capture for trigger and record video
(http://sonotaco.com/e index.html)

m |IRIS (http://www.astrosurf.com/buil/us/iris/iris.htm)
astronomical image processing and spectroscopy software
http://www.astrosurf.com/buil/iris/nav._pane/CommandsFrame.html

advanced (more specialized) spectroscopy software
— Both by Christian Buil
m ImageTools by Peter Schlatter (private communication)

m SpectroTools by Peter Schlatter
http://www.peterschlatter.ch/SpectroTools/
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Links

m SonotaCo Forum
http://sonotaco.|p/forum/viewtopic.php?t=3065

m Thorlabs grating
http://www.thorlabs.de/newqgrouppage9.cfm?objectgroup 1d=1123

m Linear wavelength calibration: http://arxiv.org/abs/1509.07531 or
http://www.meteorastronomie.ch/images/Meteor Spectroscopy WGN
43-4 2015.pdf

m FMA Spectroscopy page (with papers and presentation from IMC
2016):
http://www.meteorastronomie.ch/spektroskopie.html
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Thank you!
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