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Introduction

The prime tool for obtaining astrometry of movingjexts such as asteroids is a CCD
camera. The camera is typically controlled by safemhat triggers the exposure, reads
the data from the CCD chip, and creates a FITSafite exposure details in the header.
This file can then be read into software that ide® stellar images, matches them to star
catalogue positions, and outputs a precise measmtesnthe position of any user-
selected object in the image.

Typical accuracy of CCD astrometry is of the oraied.Z. [See the lists at
http://www.cfa.harvard.edu/iau/special/residuats. tkhe typical main-belt asteroid has a
motion of less than 1 arc-sec per minute. Consetyulem most astrometry of asteroids,
errors arising from any uncertainty in the timelod image are of smaller significance
than the measurement errors.

However, for asteroids that come close to the Edmghmotion can become much
greater. For example, the motion of asteroid 2009s[peaked at 156Aminute, or 26
per second. At this rate of motion, an astrometcicuracy of 0.3corresponds to

10 milliseconds. Such rapid motion creates a rariggoblems for traditional CCD
camera arrangements, such as:

in order to prevent image trailing, very short exypes are required (< 0.1s) and
these are beyond the capability of CCD cameras.

the problems of measuring accurate positions filogrends of a trailed image;
time base. 10-millisecond accuracy is not attam&tdm short-wave radio
transmissions such as WWYV |[variable propagatioaydeare of greater
magnitude]. Time over the internet using Networknifig Protocol (NTP) is good
to 10msec if you have a fast internet connectiahwse a local NTP server;
50msec is what you might achieve on a slow conoeetnd/or remote server.
[This is independently measured data; don’t relyrenself-assessed uncertainty
provided by the NTP software.]

the relationship between a mouse-click to commémeexposure, and when the
exposure actually occurs — together with whenithe ts measured. For example,
in a camera where the exposure is controlled biyvso¢, does the software take
the time when the exposure actually occurs, oomtesother point in the process
(such as when the CCD is being cleared prior t@msupge commencement). To
what extent is the time read by the CCD softwafectétd by computer system
interrupts? [In Windows®, the displayed desktopckloan be late by up to
several seconds because of interrupts — even thbegictual system clock is on
time.] In a camera with a mechanical shutter, éstime taken when the command
Is sent to actuate the shutter, or when the mechhlits of the shutter actually
move? And is the mid-time of the exposure consaariss the CCD (a potential
issue particularly for blind shutters)?



Analysis of CCD observations of 2009 RBuggest the existence of timing errors of
between 0.4 and 1.4 secs, with the variance (féerdnt observatories) ranging between
0.04 and 0.4 secs)

For normal CCD imaging, these issues are of nafgignce. But with a fast-moving
object, the uncertainty arising from these isswsdominate the uncertainty of the
measurement. Most observers do not have the meaestttheir equipment to establish
the relationship between reported exposure timeaatuhl exposure time to anything less
than a large fraction of a second.

In the last 5 years video has become the tool oicehfor people observing occultations
of stars by asteroids — the aim being to accurategsure the size and shape of the

asteroid. A recent example is at:
http://www.asteroidoccultation.com/observationsiitesgData2008/HerthaProfileNEWcolor.jpg

The video cameras used were developed as secanitgras — although some models are
now being marketed specifically for astronomicad.uhe observation entails accurately
recording the time a star disappears and reappsasen from a number of locations.
For that purpose accurate time is obtained fron@R& satellite system, and is inserted
into the video stream from the camera — enablirgges to be time-stamped with a
precision of about 1msec.

Video cameras are not ideal tools for astrometeasarement. In a usual CCD camera
the data from the CCD is read out in an orderekidasto create a FITS file. In a Video
camera, the output is a composite video signaksponding to the standard height and
width of standard TV images — and the CCD outpsttbebe mapped to the scanning
lines required. However, when an object is movis,fany uncertainties arising from
these transformations are less than the uncertagstyciated with using a traditional
CCD camera.

A video of a fast-moving asteroid (2009 pcan be viewed at:
http://www.youtube.com/watch?v=_RKKgMDK7A4

The image is centred on RA 97" 3C%, -51° 50. The field size is about 14’ x 10'. The
asteroid is moving at about 5@Minute. It was taken on a 35cm Meade SCT scoge wit
a Watec 120N+ integrating camera, integrating thés. The limiting magnitude is about
12.9. A frame from that video, as loaded into Astetrica, is:




B image - 52.it (=)

Lral

'10+-14:38 465, 485 227174

The asteroid is near the right edge of this fialshve and to the left of the right-most
reference star. The time stamp at the bottom ointiagie is 10h 14m 38.465s UTC. Nine
astrometric positions reported on MPEC 2009-F01
http://www.cfa.harvard.edu/mpec/K09/KOQ9F01.html
were measured from images like this derived froms ¥ideo; those positions have an
RMS residual of less than 8.3Altogether 32 astrometric positions derived froiaeo
have been published —13 from video taken by HRstelov and measured by John
Broughton, and 19 by Dave Herald. The residualsansistently small across different
fields covered by the video, and the two differédeo observers.

In considering the relative sources of error betweging a CCD camera and a video
camera, it may be expected that the enhanced tiprgsion associated with a video
camera will lead to it being the preferred astramebol if the motion of an asteroid is
greater than about 18@ninute.

This guide is provided in recognition that the Us@D astrometrists has no experience
with video techniques and terminology, and thatwidccultation observers generally
have no experience with astrometric measurements.

In putting this guide together, | am naturally gptoe have regard to the software and
equipment that | use myself. In particular, thea@setric software | use is Astrometrica —
a program which is dedicated entirely to astrometand so is well optimised for that
task. It is shareware, and costs EU25. [8g&//www.astrometrica.at/
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Video techniques for the astrometrist

In this section | shall outline what is requiredget a FITS image that the astrometrist

can measure.

Overview

There are three basic processes of convertingem\atiservation to a FITS file for
measurement, depending on the hardware used.

Processes for converting a video observation to dTS file

#1

#2

#3

Video camera, composite
video output, GPS time
inserter

Video camera, composite
video output, GPS time
inserter

Video camera, composite
video output, GPS time
inserter

Analogue video recorder
(such as a VCR or
Handicam)

Digital video recorder (sucl
as newer Handicams, or
Digital Video Recorder)

N

Device on Computer to
convert Composite video tq
an AVI file

Software to convert
) proprietary file formats to
an AVl file

Device on Computer to
convert Composite video tq
an AVI file

Software to convert AVI
file to FITS

Software to convert AVI
file to FITS

Software to convert AVI
file to FITS

Typically the video will be recorded on a recordésome type before segments of the
recording are transferred to a computer. Reasadee\iles are large. A two-minute
uncompressed video stream will create an AVI filéhe order of 1GB.

The step that is the cause of most problems withlgusdeo is transferring the video to a
readable AVI computer file — particularly if yourrinto problems with the Codec. But
any such problems are strictly limited to the adietting up. [They are also most likely
to occur if you record to a digital video recordethandicam.]

The issues to be considered are:

the video camera

accurate time source and linkage

transferring the vide
creating a FITS file

o to a computer file



The video camera

Video standard

There are essentially two video standards usecdrtiie world. NTSC is used in North
America and Japan. PAL is used in Europe and Alasiea WWhen buying a camera, it is
preferable (but not essential) to buy one condistéh your national TV standard.
However a different nomenclature is typically useth small video cameras:

EIA (which is NTSC), and

CCIR (which is PAL).

The simple technical difference between EIA andEQhat is, between NTSC and
PAL) is in the frame rate, and scan lines per imfifjeere are major differences in how
colour is handled — but they are of no intereseljdrhe differences are.

NTSC/EIA PAL/CCIR
Frame rate 29.97 25.00
Scan lines 525 625

Two interesting issues arise from this. NTSC gadxetter time resolution. PAL gives a
better spatial resolution.

The composite video signal generated by the cahsaarious synchronisation pulses
that maintain an accurate relationship betweersigneal components over the whole
image. One set is for the start of each verticahsyf the image. Another set is for the
start of each horizontal scan line. The processfrige data from the CCD involves a
mapping of the CCD pixel array onto the standardchéd of a TV display. The
subsequent processing needed to get a FITS imaglvés a further mapping to the
video image format used in the AVI file createdtbe computer, and then a transfer to a
FITS image to be measured.

Field structure

In a typical CCD camera, the image is exposed tlaea the data is read out line by line
of the CCD chip.

The architecture of a video camera is differene Video stream is made up of frames,
with each frame being composed of two fields. TI@DChip is exposed and read in an
interlaced manner. For the first half of a frante, ddd lines are exposed, while the even
lines are read. In the second half of the frameotietlines are read and the even lines are
exposed. These are combined sequentially to makedmposite video signal’ that is
output and can be played on your normal TV. WHhile possible to extract each field
separately, for astrometric purposes it is begtdik with the composite interleaved
frame.



Camera types

There are three types of cameras that can be used:

- Non-integrating camera These are the cheapest cameras and can be bought
about U$100. There are still improvements in sesitsitbeing made with new
models. A camera like the PC123CEX-2 can detecs steabout mag 13 on a
20cm scope.

Running-average Integrating cameraOne form of integrating camera includes
a First-In-First-Out buffer. The normal video stres passed into the buffer, and
the output video stream is based on the sum ofrebruof frames in the buffer.
This provides increased sensitivity and improveghal to noise. Typical of this is
the GStar camerahitp://www.myastroshop.com.au/guides/gstar/indew) ht
‘True’ integrating camera. In this type of camera, the CCD is not read at the
usual frame rate. Rather the image is built uphenGCD for a number of frames
before being read. And that image forms the badiseooutput composite video
signal until the next read of the CCD chip. Forrapée, if the integration is set to
32 frames on a PAL system (which is 25 frames/d4ke)image displayed on the
monitor will change every 32/25 secs (1.3 secsg ddivantage of this type of
camera is lower readout noise, as the CCD is ogitygoread once per integration
rather than at the normal frame rate. Typical of damera is the Watec 120N+
(http://www.watec.net/english/bw/wat_120n+.hyhis costs around US$800

Good astrometry requires a reasonably well-exposade to measure. For this reason an
integrating camera is strongly preferred, as dvadl you to adjust the image density at the
telescope by changing the integration interval epkeg a balance between short duration
and image density. Personally, | use the Watec *2tiinera. Note that digitisation of
the signals into an .avi file results in an 8-lginsl — compared to the usual 16-bit that is
provided by a typical CCD camera.

These small video cameras are supplied with a y8& tmounting thread. C-mount to
1Ya-inch eye-piece adaptors are available from nauseastronomical equipment outlets.

When used on a long focal length telescope, obsensially insert a focal reducer in

the optical path. This increases the field sizd, lagtter matches the stellar image size to
the pixel size. The video referred to on pagesdtsawas taken on a Meade 14" telescope
using a 3x focal reducer.



| Watec 120N+ camera on 14" telescope
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The time source

The best source of precise time is the GPS syst#iere time to an accuracy of a
microsecond (UTC) can be extracted at any timelecation. The approach to
associating accurate time with the video image ixtract time from the GPS satellite
system, and electronically insert it into the vidd@am. While over the years there have
been several devices built to achieve this, thedmwvece that has stood the test of time
and is highly recommended, is the KIWI-OSD system
(http://www.pfdsystems.com/kiwiosd.htjnl
This system, together with the relevant Garmin Gi®Sts US$260. It was designed by
Geoff Hitchcox of New Zealand - hence KIWI in thevice name. (OSD stands for On
Screen Display). It is manufactured in the USAogerates as follows:

1. The Garmin GPS engine generates a 1 PPS signalirade to UTC to better than

a microsecond. This is used to control an intetina counter.

2. The video signal from the camera is connectedealtvice.

3. The device monitors the video signal for verticalahronisation pulses — which
occurs at the start of each FIELD that is outpotfthe camera (2 fields per
frame) That pulse is used to trigger a read ofriternal time display — and this
time is inserted into the video stream at the Imottd the field with a millisecond
precision.

4. The video stream with the inserted time is providadan output to your video

recorder.
End result — a video stream which is accuratelgtstamped based on the vertical
synchronisation pulse of each video field creatgthle camera. By this method, a timing
precision of about 1 msec can be reliably assatwaith images. Note that the time
stamp requires a correction to refer to the midtoh#ihe exposure. The correction is
camera dependant. Its determination is explaingédemrmanual that comes with the KIWI
system — under the heading ‘Calculating your Cateétarsonal Equation (PE)’.

Garmin-18 GPS unit, and KIWI system
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Recording

There are several approaches to recording the id@al. For occultation work,
portability is a key factor for observing ‘in thield’. For observatory situations simple
(and cheaper) VCR’s are a sensible option. Theclzggiroaches are:

Record to a video cassette recorder (VCRAdvantages — cheap, reliable.
Disadvantage — not very portable, and may becorselete technology in the near
future.

Record to a handicam Some hand-held video cameras can record the gideal from
another camera. These can often be bought on EBayldw price — but you need to get
a camera of the right model. [eg Canon models MV#®H®V800i]

Record to a digital video recordersuch as that described at:
http://www.hristopavlov.net/Articles/DigitalVideoRerder.html

Record directly to a computer For this you will need a device discussed inrteet
section. Importantly, video processing is very msige on computer resources. You
should ensure you are using a computer with CPUepeguivalent to or better than a
1.5GHz P4 computer, and have no other significamgnams running that might divert
system resources. But remember that video willtereage files very quickly!

Transferring the recording to a computer .AVI file
The end objective is to have an ‘.avi’ file corresding to the video.

If you have recorded to a digital handicam, yod twlve a computer readable file. If the
file is in a proprietary format, you will need tead the camera’s manual to find out how
to convert it to an AVI file. This option is alsbe one most likely to lead to Codec
problems — see below.

If you have recorded the video on an analogue dggigch as a VCR, or an analogue
handicam), you will need a hardware device to cdrthe composite video signal to an
AVI format. Possibilities are:
A TV tuner card — as long as it has a Compositee¥isignal input. [This is
probably the cheapest option.]
A hardware device such as the Belkin HiSpeed USBP [Video Input Adaptor
(http://www.ciao.co.uk/Belkin_Components_Belkin_Hpeed USB 2 0 DVD
Creator__5433344
There are a range of such devices on the market; ate often referred to as
video grabbers or frame grabbers. Many (includivegBelkin) merge the two
fields of each frame. More information about graishief a technical nature) is
given at:
http://www.dangl.at:80/ausruest/videogrb/vidgrbtm.
The end result of the conversion is an AVI file.
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When converting a video to an AVI file, you needemember that it is a very intensive
process. If the computer fails to keep up withwtlieo stream, the result can be dropped
frames, or duplicated frames. For this reason,sjmuld:
- use a computer with a reasonably fast clock speedmputer with CPU power
equivalent to or better than a 1.5GHz P4 compustereferable.
if you are using a converter device that connel@awJSB port, use a port that is
connected to the mother board. Avoid connectingdthace through an external
USB hub.
the hard drive the AVI file is being written to shHd not be in need of de-
fragmentation. A heavily fragmented disk will sl@@wn the writing speed, and
can create a bottleneck for processing the videaust.

Once you have your AVI file, you need to note thatt all AVI files are the same. An
AVl file is fundamentally a holder for a seriesinfages corresponding to each frame (or
field) of the video. Within that holder there angnmerous ways of compressing the
image. The software for compressing and decomprgsise images is referred to as a
Codec. Your computer will have a range of Coder=aaly installed. If you have trouble
viewing or converting your AVI file, the cause walmost certainly be that you do not
have the relevant Codec on your computer. If ghen issue, the solution is to find and
install the right Codec. Most of the modern videoarders use either Divar XviD
encoding — so you should ensure you have thosenstalled. If you still cannot play the
video then download a free program called G-Spibp hwww.headbands.com/gspot/
that will identify the Codec used by a video andl direct you to the relevant company
so you can download it. For more information Bealing with video codecs when
processing video observationat
http://www.hristopavlov.net/Articles/VideoCodecsttit

Software to control the transfer/recording

While a hardware device is generally required ke tidlne composite video signal and
convert it to an AVI file, you will also need soraeftware to actually perform the
process.

Many devices (and cameras) are supplied with sot\iee ULead Video Studio—
which is general purpose video editing softwareless you want to process home
videos, almost all of the features provided in spabkages are of no interest — and the
program files are large. There is no need to usk packages.

The best software to use is a GNU package calledid/Dub, available at:

http://www.virtualdub.org/index

Under theFile menu item there is an iter@apture AVI'. It is from here that you can

create an AVI file from your composite video redogd Two menu items to note are:
Video... Compression An uncompressed video file will run to about 168
minute or two. If you have Codecs installed on yoaumputer, they will appear
here. Compression will reduce the file size considie. However for astrometry
you may want to avoid any unnecessary processing.
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Video... Levels Here you can adjust the brightness and contnasig applied in
the transfer stage — assuming the transfer deasesiich controls available. The
settings here are useful to ensure your image éteas as possible. Remember
that the AVI file encodes the signal to 8 bitssually have contrast set to
maximum. The brightness level might need to besdflif there is significant
background illumination (such as images taken fidbmoon).

Note that you can use VirtualDub to control dinestording to your computer. You start
the recording by pressing F5 (or F6), and end pt@gsing ESC. The amount of disk
space being consumed is continually displayed.

Software to create FITS files

The final step is to create FITS files that carubed in you astrometric software. The
most convenient package | am aware of is the freepwackage IRIS, available at:
www.astrosurf.com/buil

Once installed, you need to set a working directangre files will get created [the
default is set as the root directory...] Unéde... Settings set the Working Path’ to
where you want the FITS files to be created.

To convert the AVI file to FITS files, clickile... AVI conversion. Select the AVI file
to convert, then clickonvert. The program will now create a series of FITSsfile
corresponding to each frame in the video. So you Imave a series of precisdlyne-
stampedFITS files that can be measured using your noasbmetric package. Note
that the time information is not contained in tH€% header, and the time stamp will
require a correction to refer to the middle of éxposure.
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Astrometry for the video observer

Astrometry is a well established observationahgigti Video observers should treat the
following documents asiandatory reading:

Guide to Minor Body Astrometry
(http://www.cfa.harvard.edu/iau/info/Astrometry.htjml

How to report Astrometric Observations
(http://www.cfa.harvard.edu/iau/info/Techlnfo.hjml

Observation submission format
(http://www.cfa.harvard.edu/iau/info/ObsFormat.html

Video observers should also make themselves famith the MPC Ephemeris Service
(http://www.cfa.harvard.edu/iau/MPEph/MPEph.htmi

Observers might also find it useful to browse theelx page of the Minor Planet Center
(http://www.cfa.harvard.edu/iau/Thelndex.hjml

This guide assumes you have thoroughly read and uadstood the above

documents.The focus will be on outlining what is requiredget a FITS image from
an AVl file. It is also assumed that the video alieeknows how to obtain an AVI file
from their video camera which can be read in savsaich as LiMovie
(http://www005.upp.so-net.ne.jp/k _miyash/occ02/lin@oen.htm).

Overview of astrometry

Astrometry is the determination of an object’s tighcension and declination. The
problems to be solved are:
The sky is a sphere — and the projection of thésponto a plane involves some
distortion.
the focal plane of the telescope might not be Tigpically a SCT telescope will
have a curved focal plane with consequential abens— and these distort the
image.
atmospheric refraction results in distortion in tegtical direction.
the image plane might not be exactly normal todjpigc axis of the telescope,
introducing some distortions.
When these issues are considered from a theorptcspective, they can be adequately
modelled using a linear or quadratic relationstepnween measured coordinates and the
objects position in the sky. The coefficients & tlerived equations are referred to as the
‘plate constants’. The astrometric process invobletermining the plate constants using
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known reference stars, and then using those cdsdtadetermine the position of any
other object on the image.

There is an important planning issue associateld agtrometry. Firstly, the minimum
number of reference stars is three. Preferablyethieould be quite a few more so that a
least-squares fit can be performed. Secondly, ingagfiraight lines joining all the
reference stars. You will be able to get good dqu@lositions for anything contained
within the outer boundary of those lines. But thewaiacy rapidly degrades as you move
outside of those bounds. For example, if there e stars on one side of the image,
and you were measuring the position of an objedherother side of the image, the
accuracy of the measurement would be so poor amke the measurement almost
useless.

Consequently some care is required in pointingelescope — to ensure that there are
reference stars surrounding the asteroid.

A related issue is the orientation of the imagefiTthe reference stars to the image, the
astrometric software needs to approximately knawNbrth direction on the image. If
your scope is polar mounted, it is desirable temdrthe camera in a consistent orientation
with north at the top of the image. If you are gsam alt-az configuration, it will be hard
to align the camera with north at the top. Furtr@aerthe orientation will change if the
imaging extends for more than 5 or 10 minutes. Aesalt, you will need to adjust the
astrometric software to identify the north orier@atfor each set of images being
measured.

File format

The universal file format for astronomical imagasd certainly for astrometric
measurement) is FITS. Typically, a FITS file wiibee the values of each pixel in a CCD
camera in an array corresponding to the CCD piralyaand the astrometric software
analyses the image on that basis.

To get an image that can be measured, you musedaime frames in an AVI file to
FITS images. The most convenient package | am aofdasethe freeware package IRIS,
available at:

www.astrosurf.com/buil

Once installed, you need to set a working directangre files will get created [the
default is set as the root directory...] Unéde... Settings set the Working Path’ to
where you want the FITS files to be created.

To convert the AVI file to FITS files, clickile... AVI conversion. Select the AVI file
to convert, then clickonvert. The program will now create a series of FITSsfile
corresponding to each frame in the video.

There are other packages that will allow converéiom an AVI file to FITS file — such
as Registax version 4 or latenitp://www.astronomie.be/reqgistait can also be done by
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displaying the video on screen, copy the image &réiae clipboard, paste into Paint as a
BMP file, load the bmp file into a general-purpasege processing package such as
AstroArt, and save as a FITS file from there. Hoerethe IRIS conversion is MUCH

easier.

IMPORTANT . The FITS file format includes an extensive headgron. In normal
CCD astrometry, the date and time of the exposutdg/written to the header — and the
astrometric software reads that information fouenber of purposes. The conversion
processes above do not write any date and timeniafiion to the header.

At this point, you have a FITS image that is retalipe measured.
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Setting up Astrometrica to measure the
Image

Image orientation

Astrometrica needs to know whether the image neets flipped up/down, left/right, or
both. This is needed to cater for the full rang€6D cameras. With Video, the output
signal is ordered the same for all cameras. Tlevaal setting is contained kile...
Settings... CCDtab.

If you have your video oriented so that North ishe top of the video image, AND your
optical path includes an EVEN number of reflectiopg a SCT with no diagonal), the
required settings are:

Flip horizontal — clear

Flip Vertical - check

If you have an odd number of reflections, and Nastto the top, the required settings
are:

Flip horizontal — check

Flip Vertical - check

Note: The Flip Vertical option must be checked,retfmugh your FITS image is oriented
with North at the top,

Star catalogue

Astrometrica needs to access a star cataloguérieves star positions. The best catalogue
to use (because of star coverage at the brightieMPMAD. Set this in thé&ile...
Settings... Programtab. Also set the lower limit to 13 mag or brighteto avoid faint
stars being matched to noise on the image.

Pixel size

Astrometrica needs to know the pixel size of theeia, in microns — undéiile...
Settings... CCDtab. For the Watec120N+, the width is 8.6, andhikight is 8.3. Other
video cameras have a similar pixel size. It isardical that these be specified correctly —
in fact, below we will discuss changing the pixetlilh to compensate for one aspect of
video signal processing.

Initial focal length

Astrometrica needs to know the focal length ofdixstem — undéffile... Settings...
CCD tab. Start off with the telescope focal lengthviBe that by the effect of any focal
reducer.
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Adjusting focal length and image orientation

Astrometrica needs a reasonably accurate effeftioad length to determine the correct
scale, and the image orientation to fit the stathié image. The pixel width also needs to
be adjusted to compensate for scale changes thatiaithe video image processing.

To achieve this:
- load a FITS image into Astrometric&ile... Load]

If you have trouble seeing any objects on the diggd image, adjust the
Background and Range(under thdmagesmenu item) so that the background
has little noise displayed, and the stars are lgle@sible.
UnderAstrometry, click Data Reduction In the dialogue box that appears,
specify the approximate RA and declination of theter of the image (to about 5
arc mins accuracy). NOTE - for south declinatiatzsnot use ‘-. ClickOK

It is unlikely that Astrometrica will be able to k®a fit to the image — and in fact the
following steps depend on Astrometrica not makirii #@ the image. When
Astrometrica cannot automatically fit an imagesames up with a dialogue box giving
three options. Select the first option — Manual fit

First, you need to adjust the focal length until gee a pattern of stars that matches the
stars on the image. If you have lots of stars diggdl by Astrometrica, reduce the
magnitude on the dialogue form.

Once you have visually identified stars that mdtehimage, adjust the focal length and
orientation to fit the displayed stars to the imagecause of the way the video signal is
processed, you can expect the image to be stretwt@dunk in the horizontal direction.
You need to note 3 things:
The Position Angle that aligns the displayed stéth the image orientation
The focal length which results in a good matchh@gtar positions in the vertical
direction (Call this F1), and
The focal length which results in a good matchtdtar positions in the
horizontal direction (call this F2)
Having noted those values, close the dialogue O@en the Settings menkile...
Settings and go to th€CD tab.

At the top left,
set the focal length to the value of F1 as founavab
set the position angle to the value of the posiéingle as determined above.

At the top right, change the valuemxkel width by the ratio of F1/F2
Save the Configuration settings (you can maintaimerous configuration files). Then
reload the image, and repeat the fit. Astromesloauld be able to automatically fit any

images taken with that configuration, even thoughprecise focal length and image
orientation may change. If the dialogue box appdarsthe orientation and scale seem
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correct, you may need to reduce the Search Ragdiusference star matching — under
Settings, Program.

Once you have a fit, you are in a position to meage coordinates of any object on the
image — remembering that you should enure the blgetirrounded by reference stars.

If you are using an Alt-Azimuth mounting, or thargara has not been oriented with
North at the top¢lo not digitally rotate the imagebefore measurement. Rather adjust
the Position Angle setting in the Settings areAsifometrica so that the reference stars
are suitably rotated to match the image.

Video processing will usually result in a scaldatiénce between the X and Y
coordinates. See (for example)
http://www.dangl.at:80/ausruest/videogrb/vidgrbhtie.

This difference can be easily corrected by adjgdiire setting for pixel size (as described
above), provided the distortion is strictly betwélea X and Y axes.

If the image is rotated, this scale distortion a#rbe corrected by adjusting the pixel
dimensions. Although the astrometric software sthdndl able to correct for this distortion
— that will depend on there being sufficient refexe stars, and for the scale distortions
not being so large as to prevent the software filenving a fit to the image.
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Generating normal positions

Positions measured from video must be reported@snal’ positions. A normal position
is a position that represents an average of sepesdions, referenced to a specified
time. There are two reasons why normal positioesuaed:

1. The current MPC reporting format only allows théed@ be specified to 6 decimal
places. That is, to 1 micro-day. To obtain maximagouracy within this report
constraint, the positions need to be referenceshtimtegral microday. The use of
normal positions allows positions to be referentwedn integral microday.

2. For atypical CCD exposure lasting several seconasore, scintillation results in
blurred stellar images. In contrast, with the stoeixposures used in video
scintillation appears as spatial distortions ofithage — and this needs to be
corrected by combining the measurements from skveages.

In principle there are numerous ways a normal mrsitould be generated. However the
Minor Planet Center has created a web script teigea the normal positions. This is
located at:

http://www.cfa.harvard.edu/iau/VideoObs/VideoNorRlakes.html

and is the required tool for generating the posgito be reported to the MPC. The script
allows positions to be pasted (or keyed) into a inok different formats that are similar
to the standard MPC format. Once entered, the vaens are returned either in a text
file, or on screen, as normal positions propertynfatted and ready for submission to the
MPC.

The web script will handle the following four forisa
Each line is in the usual report format — but isgeded by a line giving the
observation time in h m s to 0.001 sec.
A modified report format specifying the day fractim h m s format rather than
decimal days.
A modified report format, with 8 decimal placesoated for the fraction of a day.
A modified report format, with 7 decimal placesoated for the fraction of a day.

The first format is particularly useful. The headén FITS file created from a video
record will not contain the exposure date and fjurdess the observer manually edits the
FITS header). In this format, the date and tims&piscified in a line separate from the
usual observation line generated by astrometrioveog. The normal position is derived
using this separate line, ignoring any date ane specified in the usual observation line
generated by the astrometric software.

Full details about using the MPC web script areegiin the Appendix at the end of this
guide.
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Other reporting issues

In addition to using normal places, the followingtters should be included in the report

- The report line that specifies the telescope u$éd ) should include the text
‘+ GPS-tagged videbfollowing the usual telescope details. This iradi&s that
video has been used, with high-precision timingsTag should ONLY be used
when time derived from the GPS system has beemdedmn the video stream
by way of video insertion.
The character immediately before the year of treeplation needs to be a lower
case ‘n’, to indicate the position is a normal fiosi [The MPC web script
formats the observation line with this character.]
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Measurement issues

There are a number of issues that may arise im#@suring environment.

Image brightness range A normal CCD camera has the data held as 16-hiev@
-65535). The data from the video will be coded ggust 8 bits (0-255). This makes
the settings for the background level and imaggeaensitive. If the background is
too low, the image will be dominated by noise ol thigh, nothing will be present.
You may need to adjust it for each image measured.

Note that Astrometrica can handle up to 25 sepamages. For a sequence of images
from a video, it is appropriate to load up to 2@gas (as long as they are of the same
field), and apply the Background Level and Imagead®asetting to all images (using
the check box on the form.)

Image measurementThe header of the FITS files created in this pssadoes not
contain any information about the exposure. Yohezihave to add the details before
you measure, or edit the report generated by tinerastric package. NOTE that for a
fast-moving object, the standard report formatihasfficient places to record the
time accurately — the MPC format is limited to agsion of 1 micro-day (0.000001
day). In this situation, you need to generate aniNbiposition — see above.

If you use Astrometrica to generate the reporte nioat the default time precision is 1
second = 0.00001day. To have a report prepared.tee@ (1 microday) you need to
adjust the precision under the Settings option sifédmetrica, CCD tab, Time in File
Header. This higher time precision should be sptif the motion per minute is
greater than about A@er minute and you have accurate time associatédhe
image. It should not be used for slow moving aststo

Note: while a precision of less than 0.1 secs eggecified here, that is of no effect, it being
provided for future use.

Recording the time. IMPORTANT. The time stamp on the video recording is
associated with the vertical sync pulse assochattdthe displayed video frame.
However that does not mean that it is the timénefexposure — and in the case of an
integrated camera, it is certainly not the timé¢haf exposure. A constant correction
needs to be applied.

Typically the time stamp will represent the timeaashe end of the displayed image.
However on some cameras there is a delay of olteifiterval before an image is
output in the composite video signal. In this ditua the time stamp will be
consistently ‘late’ by that field interval. The tnsctions that come with the KIWI-
OSD system tell you how to detect whether the caroatput involves such a field
delay. It is a simple task of recording the flaghitED on the KIWI system (which is
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triggered at the start of each second, to a mieomisd accuracy) — and noting the
time stamp when the LED comes on.

Additionally there is the correction to convertrfrdhe time at the end of an image
exposure to the time at the middle of the imagesype. For a non-integrating
camera, this is half the frame interval. For aegnating camera, it is half the
integration period.

EXAMPLE On my Watec120N+, the time stamp on each fieldgerted one

field interval (or 0.020 secs on a PAL camera)rafte end of the exposure that is
displayed. Consequently the time at the end ofx@ogure is 0.020 secs (PAL)
earlier than the time stamp on an image. The vad&&09 DDy that is on
YouTube used a 4-frame integration — which is aerwal of 0.160 secs. The
mid-time of an image was therefore 0.080 secs poitihe end of the integration
period. Therefore the midtime of an image is 0.862D080 = 0.100 secs before
the time stamp on the first frame displaying tinaage.

These issues are well explained, with useful diagraat:
http://www.dangl.at/ausruest/vid_tim/vid_tim1.htm

Image ‘Stack and Track’.
To stack images within Astrometrica, you will ndedgut the exposure time in the
FITS headers, so that the images can be displaoedding to the asteroid’s
predicted motion. While many packages allow viewtimg FITS header, not many
allow editing. A suitable package is FV, producgddmddard Space Flight Center. It
can be downloaded from:
http://heasarc.gsfc.nasa.gov/ftools/fv/fv_down|béahl
To insert the date and time, proceed as follows:
- UsingOpen... File,load the FITS file.
In a form that appears, click tieader button. This will display a list of
tokens and values in the Header. If you have cddaiefile using IRIS, there
will be no date and time data in the Header.
Click any line in the list. Then from the menucklEdit... Insert Key
The edit box is at the very bottom of the form.eins line like
DATE-OBS='2004-03-19'
Make sure that the inverted commas are includete Nat DATE-OBS” is
the key for the date, and the numbers betweemtleeted commas is the date
in yyyy-mm-dd format. Predsnter.
Again, Press Edit... Insert Key. This time insert a line like:
TIME-OBS='21:54:29.923'
whereTIME-OBS is the key. Make sure that the inverted commas are
included. Note that in this example the time isc#psd to 0.001 secs. Press
Enter, and therFile... Save

Note 1.The author of Astrometrica has confirmed that éstetrica uses the full precision of th
exposure time as entered in the header, even thtbegime given in the report is limited to 1
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microday. That is, the Track and Stack function wibrk properly with images separated by (fo
example) 0.04 secs.

If you use a different astrometric package, you méked to confirm with the author that it will
read and use exposure times to a precision of 64

Note 2.Astrometrica includes a facility to generate tppraximate position and motion of an
asteroid, which is usually used for the Track atatsfunction. While that position is corrected
for parallax, it is based on the osculating orBést moving asteroids are (by their nature) passing
close to the Earth — such that an osculating onbig be inadequate. Additionally, such objects are
typically discovered only a few days previous, #melorbits are poorly known and subject to
frequent improvements. Accordingly you should gateea topocentric ephemeris of the asterojd
using the MPC Ephemeris Service at:
http://www.cfa.harvard.edu/iau/MPEph/MPEph.html
to generate an ephemeris. This ephemeris will sedan the latest available orbit. It also
includes the instantaneous motion in the formatl iisé\strometrica for the Track and Stack
function.

Is it appropriate to use the software Registax totack several video images?
Registax is a very useful utility for processinge® images. Virtually all images of
planets that show incredible detail are obtain@dvideo processed with Registax.
Registax is available &titp://www.astronomie.be/registaxHowever the stacking
performed by Registax assumes stationary objedt$. &\fast-moving asteroid, the
stacking will result in either a trailed asteraad trailed reference stars — either of
which results in a significant loss of measuringgision. For this reason, any
stacking should be done in the astrometric packagk as Astrometrica — where the
reference star positions are extracted from thevighaal frames, and the images are
displaced by the theoretical motion of the asteroid

However if the video is from a ‘true’ integratingdleo camera, where the output is a
series of identical frames — there is a role ferRegistax type of stacking. The
output signal from such a camera has noise arfsomg the CCD and the read
process, plus noise added during the subsequeral gigpcessing. As a result, in any
sequence of ‘identical’ images the star informai®the same, the CCD read noise is
the same, but the output noise varies from onedramthe next. A stacking of the
identical frames will result in improved signalrioise over the output noise, and may
lead to a better image to measure.

Registax provides extensive tools for correctingges, using wavelet filtering.
Working on the basis that images should not becgssed’ before measurement, this
type of processing by Registax should be avoidéessrit is absolutely necessary in
order to get a measurable image.

Should I solve the plate constants using a cubic dourth order fit?

In short -NO. The use of high-order solutions with the reldin@mall number or
reference stars that will be available on a videage will likely degrade the quality
of the measurement. The solution makes a leastesgjbast fit to average out all
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sorts of errors and distortions. High-order plagastants derived using a relatively
small number of stars reduces the effectivenetisecveraging, and distorts the fit to
align with the errors and distortions.

When | transfer the video to my computer, the imagesize is quite small.

If you find that when you display the AVI file oroyr computer, the image seems
very small or highly distorted, it is likely thdtd¢ cause is associated with settings in
the hardware device or the software being usedtster the video to your computer.

If you are unable to find the cause, the freewariSpnth may provide a solution.
AviSynth is described dtttp://avisynth.org/mediawiki/Main_Pagad can be
downloaded from that location. It is a powerfulitgithat uses a scripting system to
specify the manipulation to be done when the A4 i read.

However, working on the basis that an image shbalee minimal manipulation if it
is being used for astrometry, AviSynth should rouked unless it is absolutely
necessary.

With a ‘true’ integrating camera, how do | determine which is the first frame of
a series of identical frames?

Accurate timing with a true integrating video camdepends upon being able to
identify the first frame in a series of ‘identicédlames that are output in the
composite video signal.

In fact, the frames are not strictly identical. \lélthe image noise and CCD read
noise is constant, noise is added as a resulegitbcessing to generate the
composite video output. Consequently when a sefi@eages are viewed, there will
be some components of noise that change with @aplaged frame, and other
components of noise that only change when the riated image changes.

Astrometrica can be used to identify the frame whke integrated image changes.
Simply load a series of sequential FITS images Agtsometrica, and use the
Tools... Blink imagesfunction to blink the images. Changes in the naisde it
very easy to identify the frame where the integfateage changes.

Having identified such a frame on the video, yon ickentify subsequent frames
simply by adding a multiple of the number of franbesng integrated.

* k k k%
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Appendix

Generating normal places using the MPC web script

The MPC web script for generating normal placdecated at:
http://www.cfa.harvard.edu/iau/VideoObs/VideoNorRiakces.html
All questions concerning the script should be deddo the Minor Planet Center.

Basic operation

The observations to be normalized are enteredjasug of observations;
Typically use between 5 and 12 observations taer@aingle normal position.
[However the script will work with between 2 anddl@bservations]

The script can generate a normal position for nicae one group of
observations. Merely ensure there is a blank Ietevben each group of
observations. Up to 300 observations can be harmji¢lde script in a single
query.

Each normal position must be based on observat@te over a period of less
than two seconds. If the time span of the obsematin any group exceeds 2
seconds, the output will include a warning messageediately prior to the
affected normal position.

Output can be to either a text file (the defauttjaoscreen.

The normal positions are correctly formatted fdoreission to the MPC. Merely
incorporate the normal positions into an emaih® MPC. Make sure that the
usual other lines in the MPC report are included,tbe individual positions used
to create the normal positions are excluded.

Formatting observations for input

The web script to generate normal places will actmp different formats. All formats
are variants of the standard format for reportibgesvations to the MPC. This means
that when you measure the positions using youruateastrometric package, you can
generate an MPC report from that package, copypastk the observations from that
report into the web form, and then make the miniethling changes to add the
observation time with the required extra precision.

Format 1 — extra header line

In format 1, the time of the observation is spedifin a line immediately preceding the
observation line. This format has the advantagsobfelying upon the date and time
information in the observation line generated l®/datrometric software. The following
three lines compare Format 1 (the first two linggh the usual MPC format, with the
observation time being 10h 14m 36.365s.

#time 2009 03 02 101436.365
K09D45D C2009 03 02.42681009 56 54.57 -51 50 57.4 799
K09D45D C2009 03 02.42680909 56 54.57 -51 50 57.4 799
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The format of the line specifying the time is:
#time_yyyy mm_dd_hhmmss.sss
with ‘#time’ being a tag (which must be in lowerse

If the FITS header does not include any date and thformation, Astrometrica
populates the date and time in the MPC report usiaglate when measuring the image,
with the fraction of the day set to zero. Consetjyean observation measured from a
FITS image having no date and time information Veilk like the following when

copied into the web script:
#time 2009 03 02 101436.365
K09D45D C2009 03 27.00000009 56 54.57 -51 50 57.4 Z99

The time for the normal position will be based ety on the header line.

Format 2 — specify hour, minute, second in the obsetion line

In format 2, the field giving the observation tim& a decimal fraction of a day is
replaced with the observation time in hours, miaaed seconds. The format
is:_hhmmss.sss_. Note the leading space, whiclhésenthe decimal place would
normally occur, and the trailing space. The follogviwo lines compare Format 2 with

the usual MPC format, with the observation timengeiOh 14m 36.365s.
K09D45D C2009 03 02 101436.365 09 56 54.57 -5 15057.4 Z99
K09D45D C2009 03 02.42680909 56 54.57 -51 50 57.4 799

Format 3 — specify the fraction of a day to 8 decial places

The MPC report format allows 6 decimal places farfraction of a day. Format 3
expands the space for the fraction of a day byde@mmal places. Additionally a space is
added between the end of the day fraction andténedf the field for hours of right
ascension. The following two lines compare Foréatith the usual MPC format, with

the observation time being 02.42680978 days.
K09D45D C2009 03 02.42680978 09 56 54.57 -51 5057.4 799
K09D45D C2009 03 02.42680909 56 54.57 -51 50 57.4 799

Format 4 — specify the fraction of a day to 7 decial places

The MPC report format allows 6 decimal places farfraction of a day. Format 4
expands the space for the fraction of a day bydawémal place. Additionally a space is
added between the end of the day fraction andténedf the field for hours of right
ascension. The following two lines compare Fortatith the usual MPC format, with
the observation time being 02.4268098 days.

K09D45D C2009 03 02.4268098 09 56 54.57 -51 5 0574 799
K09D45D C2009 03 02.42680909 56 54.57 -51 50 57.4 799
Constraints

If a group of observations contains only one obaton, the output will include an
error message, and no corresponding position &irgroup.

If more than 100 positions are included in a graupjarning message will be
generated — with excess positions in that groupgoiginored.

If more than a total of 300 positions are includgevarning message will be
generated — with excess groups and positions hgiaged.
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Example

The following 4 groups of observations are formaiteaccordance with each of the
accepted formats. The observations in each gramantical. You can copy and paste
the entire 4 groups of observations into the fang generate the normal position for
each group.
Note: when copying text from a PDF document, legdipaces and blank lines are
dropped. Consequently you must ensure that thespaees at the left, and the line breaks
between the groups, are re-instated when thededsted into the web form.

#time 2009 03 02 101436.365
K09D45D C2009 03 02.42681009 56 54.57 -51 50 57.4 799
#time 2009 03 02 101436.525
K09D45D C2009 03 02.42681209 56 54.68 -51 50 57.6 799
#time 2009 03 02 101436.685
K09D45D C2009 03 02.42681309 56 54.84 -51 50 56.7 799
#time 2009 03 02 101436.845
K09D45D C2009 03 02.42681509 56 54.94 -51 50 56.2 799
#time 2009 03 02 101437.005
K09D45D C2009 03 02.42681709 56 55.09 -51 50 55.8 799
#time 2009 03 02 101437.165
K09D45D C2009 03 02.42681909 56 55.18 -51 50 56.2 799
#time 2009 03 02 101437.325
K09D45D C2009 03 02.42682109 56 55.34 -51 50 55.5 799
#time 2009 03 02 101437.485
K09D45D C2009 03 02.42682309 56 55.50 -51 50 54.3 799
K09D45D C2009 03 02 101436.365 09 56 54.57 -5 15057.4 Z99
K09D45D C2009 03 02 101436.525 09 56 54.68 -5 15057.6 Z99
K09D45D C2009 03 02 101436.685 09 56 54.84 -5 15056.7 Z99
K09D45D C2009 03 02 101436.845 09 56 54.94 -5 15056.2 Z99
K09D45D C2009 03 02 101437.005 09 56 55.09 -5 15055.8 Z99
K09D45D C2009 03 02 101437.165 09 56 55.18 -5 15056.2 Z99
K09D45D C2009 03 02 101437.325 09 56 55.34 -5 150555 Z99
K09D45D C2009 03 02 101437.485 09 56 55.50 -5 15054.3 Z99
K09D45D C2009 03 02.42680978 09 56 54.57 -51 5057.4 Z99
K09D45D C2009 03 02.42681163 09 56 54.68 -51 50 57.6 799
K09D45D C2009 03 02.42681348 09 56 54.84 -51 50 56.7 799
K09D45D C2009 03 02.42681534 09 56 54.94 -51 50 56.2 Z99
K09D45D C2009 03 02.42681719 09 56 55.09 -51 50 55.8 Z99
K09D45D C2009 03 02.42681904 09 56 55.18 -51 50 56.2 799
K09D45D C2009 03 02.42682089 09 56 55.34 -51 50 55.5 799
K09D45D C2009 03 02.42682274 09 56 55.50 -51 50 54.3 Z99
K09D45D C2009 03 02.4268098 09 56 54.57 -51 5 057.4 799
K09D45D C2009 03 02.4268116 09 56 54.68 -51 5 057.6 799
K09D45D C2009 03 02.4268135 09 56 54.84 -51 5 056.7 799
K09D45D C2009 03 02.4268153 09 56 54.94 -51 5 056.2 799
K09D45D C2009 03 02.4268172 09 56 55.09 -51 5 055.8 799
K09D45D C2009 03 02.4268190 09 56 55.18 -51 5 056.2 799
K09D45D C2009 03 02.4268209 09 56 55.34 -51 5 055.5 799
K09D45D C2009 03 02.4268227 09 56 55.50 -51 5 054.3 799

The output generated by the script is:

K09D45D n2009 03 02.42681609 56 55.00 -51 50 56.3 Z99

K09D45D n2009 03 02.42681609 56 55.00 -51 50 56.3 Z99

K09D45D n2009 03 02.42681609 56 55.00 -51 50 56.3 Z99

K09D45D n2009 03 02.42681609 56 55.00 -51 50 56.3 Z99
* ok Kk Kk %
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