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Changes history

Version 1.1 | 12/05/2014

Initial release

Here is a list of Acronym used in this document

Acronym Meaning

RA Right ascension

DEC Declination

TPOINT This is a standard formalism used for achieving pointing model,
see here for more information
http://www.tpsoft.demon.co.uk/pointing.htm

MA or HA Hour angle, or meridian angle
http://en.wikipedia.org/wiki/Hour angle
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1. Introduction

A Pointing model is supported by the NOVA mounts family. It is essential to achieve it properly to create the best from
your mount. Pointing model improves pointing accuracy, but also mount tracking accuracy, because the mount software
can use the pointing model to get a speed model and also compensate for mount polar alignment errors, or any other
errors that are supported by the model.

Left is an image with no pointing model, where the user tried to center the right star (field of view is 15x15 arcmin) but
no star is present. Right is an image that demonstrates the effect of the pointing model: the star is at the image’s center.

Working without a pointing model can allow dramatic errors with a German mount. Meridian flip and optical axis non
perpendicularity error with the DEC axis can lead to pointing errors more than % of a degree! This causes most of the
time, the target to be outside the field of view of the camera. A Pointing model can overcome this easily, allowing better
use of your telescope, and not wasting time acquiring your target.

The next picture shows what happens with a poorly polar mount alignment (18 arcmin error from the pole) and a 600s
unguided exposure.
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The image quality is weak and shows a vertical trailing in DEC direction. This is quite normal with badly polar aligned
mounts.

If the pointing model has been previously created, and injected into the mount software, the speed model will be
calculated and applied.
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Despite the poor polar alignment, the 600s unguided exposure is perfect, because the mount software could
compensate for this error automatically based on the pointing model. Since the mount can never be perfectly polar

aligned, the speed model is a real asset for your mount.
Even, more the next picture shows a raw single 900s unguided exposure that would be impossible to achieve without

the speed model and refraction speeds compensations.
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2. Achieving Pointing model files

2.1. Data coming from any software (except PRISM software)

In this document, the pointing model will be demonstrated using the PRISM software package. Nevertheless, this is not a
mandatory step, because other software in the market can use TPOINT and provide valid data that can be used with the
mount NOVA software. The purpose of this document is not to demonstrate how to achieve a pointing model with all
the software available in the market. We will do it using PRISM, because this is very easy to achieve.

An important point, for German mounts, there are two pointing models required, one for the tube located at the east
side of pier, and another for the west side of pier. These models had turned out not to be the same, by experience.

The type of file format to provide to the NOVA mount software is a simple “*.cor” file, which is indeed a simple text file.

Here is a “.cor” file sample; always starting with 789955491 as a magic number. Then pointing model coefficients
expressed in radians are listed after:
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789955491
1.28873174669791E- 0003
-1.01213383676195E- 0003
-6.63990193728120E- 0004
4.39074860709788E- 0004
- 3. 73858799270869E- 0005
1.58008143060133E- 0003
7.43329643913604E- 0004
2.46848043582684E- 0004
1.16523424111638E- 0003
5. 05908232673203E- 0005
0. 00000000000000E+0000
0. 00000000000000E+0000
3.60434309820003E- 0004
2.61141145462940E- 0004
0. 00000000000000E+0000

These coefficients translate into this table with famous TPOINT standard coefficients (CH, NP, , ME, MA) for equatorial

mounts:

Raw figure as radians into the TPOINT | Meaning Converted in
file Acron. arcmin
1.28873174669791E- 0003 CH Optical axis and DEC axis perpendicularity error +4.4

-1.01213383676195E- 0003 NP RA/DEC axis perpendicularity error -3.5
-6.63990193728120E- 0004 ME Elevation polar axis error (polar alignment) -2.3
4.39074860709788E- 0004 MA Azimuth polar axis error (polar alignment) +1.5
-3.73858799270869E- 0005 ID DEC offset -0.1
1.58008143060133E- 0003 IH RA offset +5.4
7.43329643913604E- 0004 TF Tube flexure error +2.6

2.46848043582684E- 0004 FO Fork axis flexure error +0.84
-1.16523424111638E- 0003 DAF DEC axis cantilever error -3.98
-5.05908232673203E- 0005 DAB DEC axis flexure error -0.174
0. 00000000000000E+0000 DNP Dynamic non perpendicularity error 0.0
0. 00000000000000E+0000 HCEC RA encoder error (cosine) 0.0
- 3.60434309820003E- 0004 HCES RA encoder error (sine) -1.2
-2.61141145462940E- 0004 DCEC DEC encoder error (cosine) -0.89
0. 00000000000000E+0000 DCES DEC encoder error (sine) 0

All figures coming from third party software shall be all multiplied by -1 into this file to be used with the NOVA mount

software (for historical reasons). Do tests to check all these step by step.

It is up to the user to arrange parameters in the same order as it is described above. In case of unknown parameters

leave them simply to zero and do a test and see if it improves pointing accuracy.

When performing the pointing model with other software than PRISM, do not forget to disable any pointing model at

the NOVA mount software level.

Finally keep in mind that the NOVA mount software sends to the ASCOM client software “Observed coordinates” that

are corrected from refraction and not “Topocentric place” coordinates.
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2.2. Using PRISM software to get pointing model coefficients
2.2.1.Prerequisites

Before starting the NOVA mount software, please ensure that any pointing model is already enabled, if so disable it.

Go here:

"I’ DDR ASTRO - Main control panel [Version 1.6.5 build 312 2014-10-11]

Setup’ Connect! Options Exit About

System setup Destination slewing

[
) =

Pointing model setup ot connected RA — a0 | h

Uncheck this checkbox, if checked:

i’ Pointing and speed model

When the mount is running and connected to the software, it will mention that the pointing model is disabled, as shown
hereafter:
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"1’ DDR ASTRO - Main control panel [Version 1.6.5 build 312 2014-10-11]

Connected ! Connected ! oo h oo 5

uo e I = llc: 2 ri L 0 = e =1 i "
Slewing" axis mode - Slewing mode s L oo | oo En

M 2000.0 eq. Pos. Err = - S
o"®' @

RA (app.) 04h0D6m07.988s -0.76" units

DEC (app.) -44°38'45.76" -0.41" !

Mer. Angle +00hD0mM36.350s STOP SLEWING

DEC Direction 0 O"® @

UTH +180°17'28.95" .SEIE-EIj Parking (Apparent coord.)——

ELEVATION +68°18'22.99" Mer. angle [+ 11 H 54 m

overall error 0.67"
RA speed (app.) -2.1° [sec 363 mW
DEC speed (app.) -3.9° fsec 140 mW
System status : Parking pending... [West pier]
+ Pointing model disabled
Differential speed (ar
RA Direction
DEC Direction

wrt sidereal sp

© RADEC @ Spe=d/P.A

Go to “Setup” then “System setup”, press “German mount setup” and change as follows the allowable mount clearance.

German mount parameters

Tube set East si

-1 minutes, before meridian
Allowable dearance west side from meridian

Tube set West side of pier (aiming East)

minutes, after meridian

ssed in minutes wrt
(tube
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This step is achieved to avoid unwanted meridian flip, because two pointing models are required for German mounts,
one for the tube located at the east side of pier, and another for the west side of pier. Since pointing models are
created by slewing to areas only in one side of the pier, these settings forbids the mount from meridian flipping when
located close to the meridian.

Using PRISM software from ALCOR-SYSTEM, please, connect the mount to PRISM, and keep eye on side of pier
information that is sent by the NOVA mount software to PRISM.

This panel helps doing so:

Telescope status

Equatorial | alt-Az | Disturbanc! 4 [ ¢
Local zidereal time : 02h11m33s li

2000 E quiros
[l 2 05h12m14.778s
Dec: B3 2352 89"
Apparent
R - 05h12m12.922:
Dec: B3T2224 74"
ker. Angle -03h00m 36z
Side of Pier E azt from pier
Air mazs 1.56060

UT time | 2014-12-08 01:37:24

Status ; IDLE...

Say, that the pointing model will be built for the telescope located on the east side of the pier, aiming at targets that are
on the west side of the Sky.

A CCD camera attached to the telescope is mandatory. There is no way doing visually with an eyepiece; it will never
reach to the required accuracy. The larger the field of view is the better to allow a fast pointing model to be built. But
also a sampling of 3 arcsec per pixel is the maximum sampling rate required.

2.2.2.Plate solving checking
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Plate solving, that is having each pixels X and Y image’s coordinates to be translated into RA and DEC coordinates, is a

fundamental step and must work.

PRISM embeds this step automatically by matching the star of the image with a catalog. Nevertheless, this feature shall
be checked and shall work; otherwise no pointing model can be build.

Slew to a star that can be identified with the sky map, which is not too bright, and be sure this star is located into the

camera’s field of view.

The next image shows the star and the sky map that matches to it.

#_ProLine PL16803 | 1536x1536 - Monochrome - Float (32bits) [Zoom = 1/2]

Bin2x2 | -5.0°C | MX=0 MY=1 | Filt.=R_filter Foc=1487.0 mm sca=2.50 "/pixel | RA=I

Then re-center the star so that it is located at the image’s center.
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& ProLine PL16803 | 1536x1536 - Monochrome - Float (32bits) [Zoom = 1/2]

50s Bin:2x2 | -10.0°C | MX=1 MY=0 | Filt.=R_filter Foc=1487.0 mm sca=250 "/pixel RA=0

Once achieved, click on the star in the sky map that matches to this star (ensuring that the mouse is set to identification
mode), and this window appears, click to the “calibrate with” button. Then the Sky map and the telescope are now
synchronized.

Then now acquire another image, this image will have the proper rough RA/DEC coordinates that will be used for plate
solving. Be sure to be focused as best as possible.

NOVA 120 Pointing model user manual 12



Object identification X

M ain object"s name : |BSC1695 Constellation : | Dor
Fias [2000] : | 05h07m34. 0005 Uranometria map : | 444 5outh volume
DEC [2000): |-63°23'59.00" Skyditlas 2000 map : |24
R [4pp.): |05h07m33.038s Rize  [UTALT]: 18h&0MG7s / 15H50mG7:
DEC [App): -B3°2222.82" Transit [UT/LT): | 04h34m19s ([D+1] 7 0Th34m19s D+
Type: |Star St (UT/LT]: [14h17md1s [D+1] / 1Th17md1s [D+1
Distance from Moon : |83°32'56" At457ind8h, at30%in 7.4 h.at 15 in96h
Mom : - Index B : 1.65
Type Spec. : M3l LB :1.85 ¢ -
Ga0 - 249198 Rl 1.42 Add this star to the reduction database .

tagnitude : 5.20

The Monday 8 December 2074 Meridian angle  -02h4B6m24.920z Air mazs 1l s
Time [UIT] 01hdEm51s Elevation +41°051 3" Paral.&ngle. 54.213°
Local sidereal time 02h21mi8s Azimuth +156744'43"

A Wiite a Label <= =

LCopyAD CCD Img Mame

Slewta Calbrate with o Add ta list of objects to be obzerved
- Giet DS field
Copy RA/DEC to ALADIN
CDS information about object MWEE]
171 4

'.6" Warning, this will re-calibrate telescope position, proceed

Yes No

Then now select this menu:

Camera Telescope/observatory Window Options Help

Blink (Image comparison) n i &l
[ Histogram t
iﬂ Cut image 2
X Statistics i

Creates simulated star field
Creates star positions catalog file
Star positions from catalog file

Stars group extraction &
Photometry .
o L4 Manual plate solving
Centroid b | @
Discover asteroids/comets from images 4 Flatesching (EC e

Add images with asteroids/cometes (inc plate solving) Parameter from a 2x binned image

Show asteroids [ comets over the current image

Optical colimation chedk (ccd inspector)
Reduce from 4 corners {check optical quality) Centroid type (3

Measure CCD tilt and FOV curvature (several images) Size of measurement window (Gauss2D Moffat)
Encircled Energy

Remave geometric optical distorsion
CCD camera characterization
Photometric modeling

Spectrography

This form sets the parameters to be used for automatic plate solving.
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The RA/DEC comes from the telescope system and is embedded into the image’s header. As well binned (or not) pixel

size is included. The focal length comes from either from a previous plate solving or from the user when camera was set
up.

Do put a valid focal length (10% error is allowed). The catalog used for plate solving is important, use either GSC-ACT star
catalog or UCAC 2/3/4 catalog.

Astrometry calibration

Paozition of image center
R : 03h19m55s

DEC: -43°0412"

Focal length [rmm]:
Fixel gize in v [pm]:
Pixel gize in = [pm]:

Reference catalog:
CALC 2/3/4

Max. no. of stars for comparisot
Reference catalag 150
Image 150

If the calibration fails, ty bo increaze
the number of ztars in the image and
the catalog

Level debug messages: 2
_Hedé_fihe th_e message I_e_\-'el
.é;ﬂiust auto recu:ug.r:uition
Marth/3 u:uu-th image u:urieﬁtatiu:un
Angle [approx] © (0.0

Wiew calculation status [«
Update camera header defaults

| Ok, | Cancel

50s Bim&x2 | -10.0°C |MX=0 MY¥=1 Filt.=L_filter Foc=1487.0 mm sca=2.50"

These star catalogs are available for free on download here:

http://www.prism-astro.com/us/catalogs.html

UCAC 4 is recommended, but it works also well with GSC-ACT catalog.
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Complete version
Light version

Supported hardware

Software protection

“% P RI S Complete software solution for conducting Downioad soilwale
{%' astronomical observations and image processing.
WELCOME
Welcome page Catalogs
FEATURES

Catalogs *NGC, IC - Deep sky objects

B *PGC, UGC, MGC, ESQ, Abell, MRK, AM, Arp, Quasars - Galaxies
* PK, SHZ, LDN, LBN, VDB, Barnard - Nebulae

ORDER * Milky way outline, nebulae outline

Download

Brices *BSC, SAC, GSC-ACT Stars

SUPPORT * Loenos, UBVRI Landolt - Photometric catalog
Corim * Henri Draper - Reference stars for spectroscopy
* Hipparcos, Tycho - Reference stars for plate solving
FAQ *USNO-SA 1 and 2, USNO-A 1_and 2 - Large star catalog : USNO-SA files can be downloaded here , USNO-A files can
Documentation be downloaded also. .
UPGRADES * NOMAD catalog, that holds 1.13 billions stars (band B,V R,J,H and K)
* UCAC catalog : very accurate for plate solving and photometric catalog (UCACH4 is here).
Upgrades * GSC-ACT (this is the first catalog you shoud consider using )
CONTACT US
Contact
<HTML> A PRISM software installer that embeds GSC-ACTis available here (400MB)

Catalogs that can be read, displayed (sky map) and used for plate solving by PRISM (non exhaustive
list, please refer to software setup panel) :

* GCVS4 - Variable stars
*WDS - Double stars

© ALCOR SYSTEM - 2014

When the “OK” button is pressed the software matches the star catalog and stars from the image and after some
seconds the next form is displayed, saying that plate solving went fine.

104 stars have been found in this case. This is just a 10s exposure from a 400 mm F/3.5 telescope binned 2x2 image and
turned out to be sufficient. In this case field of view is 1°25’

Select “Polynomial degree (plate solving)” from 2 to 4. Then click “compute”. The image is calibrated and this has
worked out fine in this case.

Sometime plate solving might not work, and here it a list and proposed solutions

Cause of failure

Solution

Focal length no set correctly

Change focal length, do trial and tests

The center coordinates are not good

Refine them; be sure to get the right one. They do not
need to be accurate.
All sky plate solving can help retrieving these coordinates

Star size (FWHM) too big. When star FWHM exceeds 15 to
20 pixels, it might not work.

Use binning to reduce star FWHM size. Be sure to be
properly focused

Too few stars

Increase exposure time, or/and binning

A combination of failures above will result in failure, they do not compensate, so go step by step.

Failure to achieve PRISM’s plate solving will result in pointing model failure, so this is a mandatory step and need to
work out!
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Polynom tranformation computing for plate solving...

Star amount 104
M aw polynomial degree 12

Folynom degree [plate solving) |4 =

R& Residual [arcsec] 0.23

DEC Rezidual [arzec) 0.25

Total residuals [arczec) 0.34

Computed focal length 1485 1

Rotation angle M/5 B

Digtance 24 b arcSec

' "; — Rezet deleted ztar list an new
e ol G2 computation,

# Murn * i residl

v 0 20275 11366 0.00

N B9 207.5 ga0.4 0.00

Vo3 a5 1926.9 17336 0.00

V4 12 9239 12421 0.00

v B 22 B08.6 5791 0.00

v B 27 17296 9688 0.00

7 a2 1804.5 3088 oo~

4 3

Auto compute, removed 24104 starz) Distorsi e % 30
6.18329E- 1437 + - s e
1 DB TEA T T4 + |#] Do not show rotation and scale changes
3.38145E-14. %7450 30 3| Scale factor
) 0k | Cancel image 4 comers gaps [pixels) 005 012 013 0.05

Focal length is being computed and is accurate to the mm.

If you go back into the camera setup form, the focal length can be updated. The camera orientation can be also been
entered in this case, this has no function for achieving the pointing model, but can be convenient for other purposes.
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Acquisition properties [Main camera] X

CCD IMAGE DEFAULT'S DATA HEADER Camera CCD selector

Mapa2000 Ethernet camera

Chungara camera [All models)
LZJ "Plug-in" Camera (DLL Library), FLI cameras...

These data are written into image headsr, they are retrieved
from the CCD camera, some information is updated by the
hardware [filker wheel, focuzer.. )

Camera | Telescope | Filkersdspecha | Misc

Telescope/Oplics
Telescope T400

Observer(s) OPSPa

FOCAL length information is very important, it
enables a lot of PRISM powerfull features.

Focal [mm) |1487 Diameter [mm) (400

Observing place [reminder] | OPSPA

CCD camera angle

Direct orientation [N up, E left] [
Angle R - CCD [7]: a

Germnan mount ; automatic mirror handling

EJ Enable auto mimor zetting that will be applied to main
. with respect to tube position from pier.
CED with L bo tub tion f

APOGEE ALTA USE/Ethernet cameras

SBIG univerzal driver [all modelz)

Simulation camera [T ests with no real camera)

ATIK or ARTEMIS camera [all models)

ASCOM camera [Starway, Orion StarShoot, PLT-MGHY]
Q51 cameras (Al models)

D51 meade camera

Starlight-+<press camera [All USE types)

Imaging Source camera [DFK/DME] shapshaot made
Alliance Vision technology cameras

Maravian CCD camera

Setup | Plugin selectar

| nfarmation
DLL file name [file] : FLI_DLL_CAMERA.DLL

Flugin clazs : Plugin CCD camera
Authar(z] : C.Cavadare
Function(z] : FLI CCD' Plugin
Yersion : 1.10 FLI Library
Modification date ; Oct, 25t 2010

Please set here CCD camera mirar when tube
iz east side from pier :

¥ Mirror EJ " Mirror

= = | oK | | cancel |

This “other purpose” is to use telescope shift with the mouse. Left click over the image and then use “Shift telescope”

& ProLine PL16803 | 1536%1536 - Monochrome - Float (32bits) [Zoom = 1/2]

Centroid

*
4 Zoom 3

Stellar sharpness (Stars seeing computation) (3

Change pixel value

Column repair Ins
Line repair
Fix an area (3) Ctrl+5

Fix an area by 2D polynom

Fix a dreular area

Column offset Del
X,Y pos. copy

Internal copy pixel value

ﬁ Distance measurement (pixel /Angle)

Slew telescope to skymap position and resync

Resync telescope position using image center coordinates

Getimage header from anather image

Show RA/DEC and X, Y

Load file position

Send image data header to main CCD defaults
Refresh image

Keep image position

Close image and delete its file from disk

Load mask

_ 50s Bin:2x2 |-100°C |MX=1 MY=0 Filt.=R filter

NOVA 120 Pointing model user manual 17
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Then put the mouse where you want the star (or other object) to be inside the image, the telescope will slew so that the
image is centered as you wish.

#& Proline PL16803 | 1536x1536 - Monochrome - Float (32bits) [Zoom = 1/2]

50s Bin:i2x2 -5.0°C  MX=0 MY¥=1 Filt.=R_filter Foc=1487.0 mm) sca=250 "/pixel |RA=|

This not a mandatory step to make functional the pointing model, but is very useful.

Now, you are ready to create your first point model.

2.2.3.Calibrating the first field
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2.3. Sweep the sky with fields, and build pointing model field list

To build pointing model, the telescope needs to go throughout the sky. Instead of using a single star, the telescope
moves to any field and computes plate solving with many stars present into this field. The amount of stars used can
reach one hundred stars and leads to a far better positioning that he could be achieved with a single star. So there is no
need to center to a single star used as reference and to select some.

Dec.=-62°47'25" 2014-12-08 01:47:08 UT [No name] OPSPA [Chile]

In this document a German mount will be assumed. The tube’s side of pier is located Westside, meaning that the
telescope is looking at the East side of the sky, thus meridian angle http://en.wikipedia.org/wiki/Hour angle is from
minus 12H to OH.

PRISM embeds a feature that will allow sweeping across the sky, and allowing you to carry out the pointing model.

Click to this menu:
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A PRISM Version 9.0.5 build 4 2014-12-08 {UTC: 2014-12-08 01:56:18} Allocated > 386 103 807 ->

File Edit Preprocessing Analyze Camera Window Options Help
e L4 k@

Close communication Crl+Q

Telescope control form Ctrl+J |

Image properties

GPS control

Observatory switches control
Telescope status

Clodk

D EO B £ eQ o

Pointing model field list data reduction
Analyze mount periodic error (PEC)
Assisted polar alignment (King Method)

Automatic observations Cirl4T
List of objects to be observed [OBIL]

Plate solving parameters used to auto-center telescope

This form should appear, and is the control panel that will allow you to build the pointing model field list.

Fields Camera L
Wi i e h1 420 Sky area to scan ) Bimning -
in meridian angle (b |-12. All sky E:-:D-DSUIE time [z2c] |10.0 101(@) 2620 33
b ax meridian angle [h] |-0.1 West side of the sky oL Camera

= @® 1 . . :
Mir elevation ] 115.0 (® East side of the sky -l i 1 tdain camera #1

4k

Maw DEC (7] |45.0 teridian angle gap (h) 1.0 Staracszactioch fiptionis
Min DEC[')[-80.0|  DEC gap field to field (7] [15.0 USND 42 W g
@® LA 24304 .o
Add coord, Delay after zlew [z2c) 1.0  TyCHON

Flate solving [plus)

T e s e sl B lEJ ltfol:fl!gltde ;g;rﬁaflails, tries with another R&/DEC located up to 42 digtance equal

f  AngleH. Theo Delta App. Thea Angle H. Mes tes App. Delta Distance Tests Fes. [pix]

L ]

Create fields list Filez Amt. of fields -
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As said previously, the telescope is aiming to the east side of the sky, because telescope tube’s is west from pier:

elescope status o

Equatorial | Alk-fz | Dizturbanc 4 | *
Local zidereal tirme : 02h33m50 i

2000 E quinios
R, 05h07m34 663z
Dec: -BITEIRT.FE"
Apparent
=T 05h07m3d. 347=
Dec: -B3TE220.00"
b er. Angle -02h33md 4z
Side of Pier Wiezt from pigr
Air mazs 1.48616

UT time | 2014-12-08 01:53:31

Statuz ; IDLE...

The idea is to have the telescope to scan this area with many fields, perform plate solving and create a list that contains
the actual telescope position and theoretical (or expected) position. To obtain a good pointing model, this scan must
have regularly sampled fields across the sky, and at least 20 fields (40 is better).

In the next sample, the fields are selected by PRISM so that meridian angle gap between fields will be set to 1h, the DEC
gap to 15°. All fields shall be at least 20° elevation above horizon. Since in this sample, southern hemisphere location
mount is used, the min DEC is set to -80° and max DEC to +45°. If northern hemisphere, say in the USA, theses figures
would be from DEC=-20° to +80°.

Meridian angle (or hour angle) can be from -12H to +12H, and since the “East side of the Sky” checkbox is checked, the
software will only select fields that are in this location and nowhere else, so that meridian flip of the mount will not
occur during this step.

Then click “Create field list’, the software will then build a list of field to be scanned.

In this case, 50 fields have been selected, not randomly but using a regular pattern of 15° in DEC direction and 1h in RA
direction.
Then select 10s of exposure, full frame, using 2x2 binning (here this is a 4096x4096 CCD used).

Check also “If plate solving fails, tries ....” This will allow the software to perform plate solving into neighborhood
locations in case it would fail in the center field. This can happen when the mount is really not well polar aligned or

optical axis and DEC axis errors exceeds more than 30’ (indeed has poor pointing performance).
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# Control panel allowing field scan to perform Pointing model

Fields Carmera —
Mi i e hAz0 Sky area to zcan ) Birring
in meridian angle (] |-12.0 | A1l sky Exposure time [zec)  (10.0 1@ 2620 33
b ax meridian angle (h] 12| \West side of the sky {l"';";":'ld_'ljw = - Camera
. . 1- 5 5 -
Min elesvation [*] (20 (®) East side of the sky ' 3 : Main camera #1 -
Max DEC 7] :45-['_ : f Meridian angle gap [h] (1.0 Stalrag?éi?:g_r Options
Min DEC (%) [-60.0| /' DEC gap field to field [ [15.0 LISND A2 Riandom path
e @ UCALC 2/3/4 Save images
| el | Delay after glew [sec] (1.0 TYCHO I

Flate zolving [plus]
Amount of stars for plate solving [5G0 If plate zokving failz, ties with another BA/DEC located up to 4x distance equal

to field diagonal.

Angle H. Theo Delta fpp. Theo Angle H. Mez tes app. Delta Distance Testz Resz. [pid =
i : -20°00'00. 00"

f
1 W00m00.000s

2 -01h0OWO0.000s  -80°O0YD0.00"
3 -02R00mO0.000s  -BOPOOYO.00"
4 -03K00MO0.000s  -80°OOYO.00"
5
B
7
g

-04h00m00. 000 -50°00'00.00"
-05h00m00.000  -B0°00°'00.00"
-UEh00mO0.000:  -50°00'00.00"

-07h00rm00.000:  -B0°00'00.00"
3  -00h0OmO0.000:  -65°00'00.00"
10 -0Th00mO00.000:  -65°00'00.00"
11 -02h00m00.000:  -65°00'00.00"
12 -03h00m00.000:  -65°00'00.00"
13 -04h00m00.000:  -65°00'00.00"
14 -05h00m00.000:  -B5°00'00.00" -

Create figlds izt || Startup H Files At of figlds ;50

If full moon is present (or near to be full) use a red filter, this will help a lot and will avoid getting plate solving failures
when located near to the Moon.

The sky map is populated with blue dots, with corresponding field’s number.

There are many more fields nearby the pole because meridian lines distances are getting closer (because distance is
divided by cosine of DEC).
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Figldz
Min meridian angle [h] |-12

I ax meridian angle [h] |12 -
Min elevation (7) 200 | | @ E

Max DEC [7] |45 ]
Min DEC [7] |-80 DE
| Add coord. | 0

Plate zalving [pluz)

Amount of stars for plate zolving (100

Angle H. Theo Delta &pp. The
E -80°00'00.00"

#

1

2 -0Th00mO0.000: -80°00'00.00"
3 -02h00m00.000s -80°00'00.00"
4 -03h00m00.000s -80°00'00.00"
5 -04h00m00.000: -80°00'00.00"
6 -05h00m00.000: -80°00'00.00"
7 -0Bh00mO0.000s -80°00'00.00"
8  -07h00m00.000s -80°00'00.00"
9 -00h00mO0.000: -B5*00'00.00"
10 -01h00m00.000s -E5*00'00.00"
11 -02h00m00.000s -65°00'00.00"
12 -03h00m00.000: -65°00'00.00"
-04h00m00. 0002 -B5°00'00.00"

Ensure that the half of the sky is well populated with fields, and distribution is uniform. In case of fork mount a single all
sky sweep is sufficient, since those kind of mount does not perform any meridian flip.

Then press “Startup”, and the telescope will slew toward all the 50 fields, one after the other, and will perform plate
solving for each.
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#_ Control panel allowing field scan to perform Pointing model

Fieldz Camera —
Wi i e th1 420 Sky area to scan ) Binning
in meridian angle (h) |-12. All sky Expozure time [zec] 100 141@) 2:2 33
b ax meridian angle (H] |12 West side of the sky {;}qud-lljw . Carmera
B - . ¥ .
Min elesvation [7] (20 (®) East side of the sky : : Main camera #1 =
Max DEC[7]|45.0 teridian angle gap [H] (1.0 Staég?éi?:g'[ Uptions
Min DEC () [-80.0|  DEC gap field to field 7] [15.0 USND 42 Riandom path
e ® UCAL 2/3/4 [ Save images
| Add coord. | Delay after glew [zec] (1.0 TYCHO I

Flate zolving [plus)
If plate zolving failz, tries with another BA/DEC located up to 4% distance equal

Amount of ztars for plate zolving |60 @ el i

oS Delta dpp. Theo Angle H. Mez tes dpp. Delta Distance Testz Resz. [pid =
1 | 000: -80°00'M0.00"

2 -01hO0mO0.000 -80°00'00. 00"

2 -02k00m00.000:  -20°0C'00.00"

4  -03h00mO0.000s  -80°0C'0O0.00"
5

E

7

8

-04h00m00. 000  -80°00'00.00"
-05h00rm00.000:  -50°00'00.00"
-0Eh00rm00. 000 -50°00'00.00"
-07h00m00.000:  -50°00'00.00"
3  -00k0OmO0.000:  -B5°0C°00.00°
10 -0Th00m00.000:  -B5°00'00.00°
11 -02h00m00.000:  -B5°00°00.00°
12 -03h00m00.000:  -B5°00°'00.00°
13 -04h00m00.000:  -B5°00°00.00°
14 -05h00m00.000:  -B5°00°'00.00° -

Create figlds ist || Startup | Files | At of fields ;50

This message may appear, click “Yes”. When using a direct drive mount such as NOVA mount, it will take around 25 to
35 minutes to complete this process (using I-Core 17 PC).

When a field is completed, the sky map label turns into red, actual and expected coordinates are filled, as well as
distance from actual to expected position.

For instance, field #1, error distance is 5.9 arcmin, it found plate solving after 1 trial (Tests column), and plate solving
residual are just 0.01 pixel.
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If plate solving fails, the error is reported in the list, this field will not be used to build the pointing model file and
telescope slews to the next field.

This can happen if the field is too close to the moon or if clouds are present in this location.

I Control panel allowing field scan to perform Pointing model P [=] B
ok i Camera
: o area to scan
Iin meridian angle (h] |-12.0 i" sky Expozure time [zec] |10.0
Max meridian angle (h] |12 ‘west side of the sky
Min elevation [*] |20 (®) East side of the sky =
Max DEC 1] |45.0 Meridian angle gap (k) |1.0 Optiorrs
Min DEC 7] |-80.0 DEC gap field ta field [7] |15.0
Dielay after slew [sec] (1.0 T
Sl e b s | B @ If plate salving fails, tries with anather RA/DEC lacated up to 4= distance equal
to field diagonal.

#  AngleH. Theo Delta &pp. Theo Angle H. Mes Mes App. Delta Distance Tesls Fies. [pis =
1 -B0°071°24.83" +00h02m35.480:  -BO°OT'52.51" 5.9 arcMin 1 0.m
2 -00h59m52950s  -B0°01'23.90" -00h57md3.130:  -B0°01'51.25" 5.4 archin 1 0.01
3 -0Zh00m02 228= 80701733 -01h58m11.390s -80°01'40.75" 4.8 arcMin 1 0.0l
4 -03h00m11.450s  -B0°01'03.84" 02hB8m33.350: 80021 41" 4.3 archMin 1 0.01
5 -04h00m20.430s  -B0°00'46.03" -03h38mE4.060;  -80°00'53.73" 3.7 archin 1 0.01
B -05h00m27.990:  -B0°00°21.22" -04kB9m11.490:  -B00012.21" 3.3 arcMin 1 0.01
7 -O6h00m34.300s  -73°59'50.26" -05h39m27.280:  -79°5909.63" 3.0 archin 1 0.02
8  -07h00m38.700: SF9RgT1.T0" -0EhS9Im30.960s -f9°57'27 99" 3.4 arcMin 1 n0.m
9 +00h00m38.760s  -65°00'50.34" +00h00m38.920s  -65°01'06.00" 2.1 archin 1 0.01
10 -00hSSmd7.050= BB 0049, 44" -00k53m31.670s £5°01'06.58" 1.6 arcMin 1 0.0z
11 -01h59m43.460s  -B5°00'45.97" 01hB9m40.410:  B5°01'02 49" 595 arcSec 1 0.01

12 -03h00mO0.000s  -B5°00°00.00"
13 -04h00m00.000:  -B5°00'00.00"
14 -0Sh00mO0.000s  -B5°00°00.00" -

Flate sloving pending [tiving field #0 aver 84 fields from 0.00°]...

Carcel | At of fields + 50
. i Sky area to scan SR
i meridian angle (h] |-12.0 Al sky Emaae ok |
M ax mendian angle [h] (12 ‘wWest side of the sky e
Min slevation (] |20 (®) East side of the sky
Max DEC 7] |45.0 Meridian angle gap (k] {1.0 Optians
Min DEC "] |-80.0 DEL gap figld ta field [*] |15.0
Delay after slew [zec] 1.0 Foder

LZJ If plate solving failz, ties with another RA/DEC located up to 4x distance equal

Amount of stars for plate sokving |60 P el

#  AngleH. Theo Delta App. Then Angle H. Mes Mes App. Delta Diztance Tests Fes. [pix =
1 8000124 83" +00h02m35.480:  -80°01'52.51" 5.9 archin 1 om

2 -00WS9m52.950s  -B0°01'23.90" O0RS¥m43.130:  -80°01'51.25" 5.4 archin 1 0o

3 -02h00m02.228:  -B0°0117.33" 01h58m11.330:  -80°01'40.79" 4.8 archin 1 0o

4 -03h00m11.450s  -80°01'03.84" 02h58m33.350:  -80°01'21.41" 4.3 archin 1 0o

5 -04h00m20.490:  -80°00'45.03" -03h58m54.060:  -B0°00'53.73" 37 archin 1 0o

E  -05hD0Om27.990s  -B0°00'21.22" -04k59m11.490:  -B0°DOM2.21" 3.3 arckin 1 0o

7 -0BhDOm34.300s  -79°69'50.26" 05h59m27.280:  -F9°B9'09.63" 3.0 archdin 1 0oz

8  -07hD0m38.700s  -79°B311.70" 0Bh59m30.960:  -F°EF27.99" 3.4 arckin 1 0o

3 +00h00m38.760s  -B5°00'50.34" +00h00m58.920:  -E5°01'06.00" 2.1 archin 1 0m

10 -00W59m47.050s  -B5°00'49.44" -00h59m31 E70:  -E5°01'0B.58" 1.6 archin 1 0oz

11 -01h59m49.460s  -B5°00'45.97" 0h59m40.410s  -B5°01'02.49" 53E arcSec 1 0o

12 -02h59m52.700s  -B5°00'38.00" -02h59m43.920:  -E5°00'52.06" 22E acSec 1 0o

13 -03h59mbE.280s  -B5'00'27 46" -03h59m53.290:  -E5°00'3E.E2" 21.1 acSec 1 0o

14  -05hD0m01.086s  -B5°00'06.73" -05h00m10.190:  -B5°00'07.20" 57.7 acSec 1 0o -
4 1]

Expozure pending....

Carcel : At of fields : 50
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Progress bas

The picture above shows that 15 fields have been completed and the telescope is slewing to the 16™.

Important: mount meridian flip should never occur during this process! Otherwise pointing model will not be valid.

Just watch from time to time that the process goes well, and during it you can have a cup of coffee, and let it running.
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Flate zolving [plus]

Amount of ztarz for plate zolving |60

v

to field diagonal.

Fields Carmnera o
Wi i i th1 120 Sky area to zcan ) Binning -
ity meridian angle (b |-12. Al sky E:-:pu.:usure time [zec] 100 1%1@ 2420 ) 33
bd & mendian angle [h] {12 Wwest side of the sky g'qd-'li'w ' e
- - . rt i
Min elesvation [*] (20 (®) East side of the sky : ! Main camera #1 =
Max DEC[7]|45.0 Meridian angle gap [h] (1.0 Sta&;?éi?:g'r Options
Min DEC () 80.0|  DEC gap field to field ) [15.0 LISND A2 __| Random path
— = S e . ®) UCALC 2/3/4 | Save images
| Add coord. i elay after slew [zec] 1. TYCHO I P

If plate zokving failz, ties with another BA/DEC located up to 4x distance equal

#  AngleH. Theo Delta fpp. Theo Angle H. Mez tes app. Delta Diztance Testz Resz. [pid =
37 02hBEm47.230s  -04°B932 EE" 03h00m21.920:  -04°59°39.36" 8.6 archin 1 0.o1
38 -03k5SmBb0.000:  -04°B979.65" -04h00m29.050:  -04°B8%57 17" 9.7 archin 1 0.o1
39 +00h00m27.E10:  +10°00°37.68" 000002518 +03°59'54.44" E.0 archin 1 noz2
40 -00W5Sm44.640:  +10°00°37.28" k0010970 +10°00'05.75" E.5 archin 1 noz2
41 -0HE9m45.860s  +10°00°38.57" 02h00m15.970:  +10°00°25.40" 7.4 archin 1 noz
42 -02hB9m48.630:  +10°00'48. 46" O3h00m22.870:  +10°01'07.13" 8.4 archin 1 nm
43 -03k59m51.280:  +10°01'07.12" 04h00m30.870:  +10°01'58.32" 9.8 archin 1 noz
44 +00h00m26.990:  +25°017'01.76" +00h00m0G. 291 +25°00'45.40" 4.7 archin 1 nom
45  -00RESm45.420:  +25°07'02.30" Mh00m03.623:  +25°00'59.55" .3 archin 1 noz2
46 -0HESm47.700:  +25°01'05.74" 02h00m15.000:  +25°071"25.42" E.2 archin 1 noz2
47 02hBam49.620:  +25°01°23.20" O3h00ma21.820:  +25°0216.68" 7.3 archin 1 nom
48 +00h00m23.770:  +40°01'49.01" +00R00m1 03102 +40°02'30.72" 2.7 archin 1 nm
45  -00R5Sm4E.870s  +40°01'90.19" h00m03.455:  +40°02'47.74" 3.3 archin 1 nom
B0 -01h59m49.790:  +40°02'04.12" 02h00m11.740:  +40°03"32.60" 4.5 archin 1 nom -

Field zearch iz over ! It haz lazted 25.F minute(z] and 050 figldz have failed...

Filez

Cancel “ I Amt. of figlds ; 50

When the whole process has completed (50 fields swept), this message appears:

'e' Fields path is over, save measurements ?

Click “Yes” and a save dialog form will show up. The list of actual and expected coordinates has to be save into a text file
Save the file as for instance as “StarFieldWest_sideofPier’

Note that, in this case, none of the fields returned plate solving failed, if you have 5% to 10% field failed, in random
fashion, this will little impact. Nevertheless, it those failed fields are located at the same place of the sky; this is not good
and can lead to poor pointing model.

Investigate the cause of these failures and try to solve them.
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Since all the images of the different field have been saved, the images can be inspected later to understand the cause of

failure.

After field list coordinates have been saved, this form appears, and will allow you to build the pointing model file.

F Y Pointing model computation

Actual telescope position
Flate zolving image
center measurement

Mer. angle. : |___h_m_ =

DEC: S

Theoritical position
Pogition where telezcope must be
Merangle . : | h m_s

DEC: ot

| Create simulation list |

| Distribution figld plat |

Field list | | Compute Plaots Projections errars

Theoritical M&  Theoritical DEC  Measured M&  Measured DEC M4 gap  DEC gap  Distance  PA[) After model P | =

Add

1 m -B0°07 2" +00h02m35s  -BO°01'53" 2.3m 27T e 95 ?
Madify 2  00h583mb3s  -BO°07'24" -00h&¥m43s  -BO°0151" 21m 273" 54 95 7
3 02Zh00mD2:  -BO°OTMP" 01h&8m11s  -B0°0141" 1.8m 235" 4.8 95 ?
Delete 4 03k00m11s  -BO°07'04" 02h58m33s  -B0°01°21" 1.6m -17.6" 4.3 94 £
5 04h00m20:  -BO°OC4E" -03h58m54s  -BO°00%54" 1.4m frive 37 92 e
£  -05h00m28:  -BO°OO021" -04h59m11s  -BO°001 2" 1.3m a0 he) a8 ?
7 -0Bh00m34s  -79°RIE0" 05h59m27s  -73°5310" 1.1m 40.6" an 77 ?
8  07h00m33s  -79°RI12" 06h59m31s  -7IE7ZE" 11m et 34 G0 ?
3  +00h00m33s -65°00'50" +00h00m59:  -B5°01'06" 20.25 157" 27 a7 ?
10 -00W53md7s  -B5°0043" -00h59m32s  -B5°01'07" 15.4s A7 16 100 ?
11 01h59md3s  -E5°004E" 01h59m40s  -B5°01'02" 9.0s 165" 53.6" 106 ?
12 02h59mB3s  -E5°0038" 02h59mS0s  -B5°0052" 28 141" 226" 129 ?
13 -03h59mbEs  -EE°OO0Z7" -03h59me3s  -B5°00°37" -3.0s 9.2 211" 244 7
14  -05h00mD1s  -E5°0C0F" -05h00m10s  -B5°0007" 91 05" 577 270 7
15  -0BhOOmDE:  -G4°H9734" -06hO0m22s  -B4°5ES5" -15.6s 9.0 1.8 29 ?
16 +00h00m35s  -BO°0029" +00h00m29s  -BO0°00%E5" -B.7s -26.3" 1.2 248 ?
17 -00W59md5:  -GO°O0'2E" -00h59m55s  -B0°00%54" 101 -26.3" 1.7 205 7
4
= E 2 Important : coordinates shall be apparent/local [MEYEFR use nomalized 2000.0 Equinox coordinates)

-

The same list is displayed:

expected/theoretical positions and actual/measured positions.

This is “observed place” coordinates system. Then click to “Compute” tab.

' Pointing model computation

Enable for computation
Caollimation eror

Fa-DEC Perpendicularity
Morth-South polar axis ermor
E ast*west polar axis error
Tube flexure errar

Fork, flesure emrar

DEC cantilever erar

DELC Flexure emar

Diyn. perpendic

ity ermor

R Encoder centering e [Cog)
Fi& Encoder centering er.[Sin)
DEC Encoder centering e [Cos)
DELC Encoder centering e [Sin]

Ts

Latitude [degrees] :|-22.953 Of

LCompute.... |

Save result file [.cor) [

Field list Compute Floks Projections errars

Haour zhift [IH]

DEC shift (1D

Optical axis - DEC awxis emor [CH]
R&/DEC Mon perpendicularity emar [MP)
Azimut polar axiz ermor (M)

Elesation polar axiz emar [ME]

Tube flexure emar [TF)

Fork, awiz flexure [FO)

Cantilewer DEC emor [DAF)

DEL flexion axiz eror [DAE]

Dyn. non perpendicularity enr. [DHP)

Coz Ré Encoder centering ermor [HCEL)
Sin Rd Encoder centering emor [HCES)
Coz DEC Encoder centering ermor [DCEC]
Sin DEC Encoder centering erar [DCES]

R residuals
DEC residuals
ALL residuals

1
(]
X
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Then enable all mount errors, and click “Compute” The fit error is displayed right bottom and shows that 1.2 arcmin
error is achieved by fitting to all fields. The previous RMS error with no pointing model is 5.0 arcmin.

There is some improvement, but better can be obtained.

' Pointing model computation

Figld lizt Compute Plots Frojections emors
Enable for computation Howr shift [IH] 18.9 arcMin
Ei"E“EaED; e o % DEC shift ID] 25 arcMin
g erpendicularnty : - : :
b otk ol e el @ Optizal aziz - DEC asiz errar [CH] -7 arckin
East*west palar axiz erar [ | | RADEC Mon perpendicularity emrar [MF) -8.8 arcMin
Tube Hexure emor [ | | Azimut polar axis eror [MA] -10.4 arcSec
Fork: flexure eror @ Elewation palar axiz error [ME] 2.5 arcSec
DEL cantilever eror @ Tube flexure emar [TF] -4 8 arcSec
DEL Flexure '_3”':'[ : @ Fork. axiz flesure [FO] 1.5 archin
Dy, perpendicularity error i :
i Cantilever DEC emar [DAF] 137 archin
R Encoder centering err. [Coz] @
R Encoder centering e [Sin) DEC flexion axiz emor [DAER] 3.6 archin
DEC Encoder centering err. [Coz] @ Diyr. non perpendicularity e, [DHP] [ A,
DEC Encoder centering e [Sin] @ Coz Bé Encoder centering ermor [HCEC] 17.9 arciMin
Tz Sin B& Encoder centering ermor [HCES] I A,
Latitude [degreesz] ; |-22.953 Of Coz DEC Encoder centering emar [DCEC) 1.4 archin
Sin DEC Encoder centenng error [DCES] 1.7 archdin
LCompute... |
R reziduals 1.2 archin
Save result file [.cor) [ | [ DEC residuals 1E.1 arcSec
TOTAL Reszidualz [before=5.0 archin] 1.2 arcHin

Do some try and test by checking and unchecking mount errors (checkboxes), and the press “Compute” to evaluate the
result.

19.6 arcsec RMS error is been now achieved, using this set of enables / disables. This is a very good performance,
because the RMS pointing error has been reduced from 5 arcmin (600 arcsec) down to 19.6 arcsec which is a ratio of
30.6 fold!
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'Y Pointing model computation

Field lizt Compute Plats Projections ermors
Enable for computation Hour shit [IH] 189 archin
Ez'gﬂggﬂg ermor s % DEC shitt [ID] 25 arcMin
- erpendiculanty - - : :
Hoihis il il @ Optizal axiz - DEC axiz error [CH] £ archkdin
Eastiwest palar axis ermor [ | | RADEC Mon perpendicularity emar [MF) -2.1 archin
Tube Hexure eror & | | Azimut polar axis eror (MA) -10.4 arcSec
Fark. flexure ermor B8 | [Elevation polar axiz emar [ME] 2.8 arcSec
DEL cantilever emor @ Tube flexure ermar [TF] -4 8 arcSec
DEL Flewure 'f:"m ; @ Fork, axiz flesure [FO] 1.5 archin
Ciyr. perpendicularity eror : :
3 Cantilever DEC emrar [DAF] 1.7 archin
R Encoder centening err.[Coz)
R Encoder centering e [Sin) DELC flexion axiz errar [DAR] 3.6 archin
DEC Encoder centering erm.[Coz] @ Dy, non perpendicularity er. [DHF] A
DEC Encoder centering ert.(Sin) (&) Coz R Encoder centering enor [HCEC) M A,
Tz | [%in BA Encoder centering error [HCES] B A
Latitude [degreesz] : |-22.953 Of Coz DEC Encoder centenng emar [DCEC) 1.4 archin
Sin DEC Encoder centering error [DCES] 1.7 archkdin
LCompute... |
R reziduals 11.2 arcSec
Save resul file [ cor] E DEC reziduals 16.1 arcSec
TOTAL Residuals [before=5.0 archin] 196 arcSec

In the “Plots” tab, various errors can be plotted.

& Pointing model computation

Field list | | Compute Flats Frojections emars

‘ Flots | Mo pointing rmodel

= IE Errors with dizabled paointing model
IE R erors £ Mern. Angle and DEC £ Mern. Angle
E wpart rezult liz H IE Elevation ermars / Elevation vz Azimut # &zimut

WWith pointing model
(¥ t4/DEC Residuals

Flace OPSPA
Latitude (22 |57 | (9 | 7] Maith
Longitude |62 ["10 | " {42 |" | | East

Elevation [m] 2380
Coumtry Chile

The residuals point errors before and after the pointing model is really interesting. Here is after before, where point are
really spread.
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Even more impressive is the “Projection errors” tab showing errors before and after pointing model
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residual shows that the position error for each field is random. It has been reduced by 30x
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- Pointing model computation

Field izt | | Compute Plats Projections ermors

£ oom factar 1 {Painting model benefits

IMean error : 5.0 arcMin

Use horizontal slide bar to zoom into error for each field, and check/uncheck “Pointing model benefits” .

In this example, the improvement is rather impressive. Also the error vector is random, meaning that the pointing model
fitting is rather suitable.
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Y Pointing model computation

Field lizt Coarmpute Plats Projections ermars

Znom factor 1 B 1000 Painting model benefits

Mean error : 17.3 arcSec

The pointing model can be regarded as valid and will be saved in to a text file (that internal description is given into §1)
Click “Save result file (.cor)”, a save dialog appears.
Any name can be used, but a meaningful name is recommended such as:

TubeWestPier-10-10-14.cor

We recommend putting into the file name the side of the tube used for building this model. Later, the explanation of
this trick will be described.
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Enable for computation Haur shift [IH] 18.9 archin

Collmation emor DEC shift [ID] 25 archin
F&-DEC Perpendicularity Ootical axis - DEC i oH T
MHarth-5outh palar asis error ERGERa s S SRR
East*West polar asis errar RA/DEC Mon perpendicularity emar [HP) -2.1 arcMin
Tube Hesure erar [ | | Azimut polar axis enor [MA] 0.4 arcSec
Fork. flexure emar B | [Elevation polar axiz eror [ME] -2.5 ac5ec
DEL eantilever efror @ Tube flexure emor [TF] -1 8 arcSec
DEL Flesure '_3”':“ ; Fork. awiz flesure [FO] 1.5 archin
Dy, perpendicularnity eror 3 :
. Cantilever DEC emor [DAF] 1.7 archdin
R Encader centering err.[Coz)
R, Encoder certering e [Sin) DEC flexion axiz errar [DAR] 2.6 arckdin
DEC Encader centering err.[Coz] @ Dy, nion perpendicularity er. [DHP] [ s,
DEC Encodsr centering er.[Sin] @ Coz BA Encoder centering eror [HCEC] [ s,
Ts Sin RA Encader centering emrar [HCES] I At
Latitude [deqrees] :|-22.953 Df Coz DEC Encoder centering ermar [DCEC) 1.4 archdin
Sin DEC Encoder centering error [DCES] 1.1 arckin
Compute. .. |
R reziduals 11.2 arcSec
Save result file [cor) B | | DEC residuals 16.1 arcSec
TOTAL Reszidualz [before=5.0 archin] 19.6 arcSec

Then this form can be closed. Do not close the form that controls the recording / sweeping of fields.

For German mounts, the same procedure shall be applied onto the other side of the sky. Do not synchronize the mount;
just perform a slewing to the next side of the sky. The mount will then perform mount flip.
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This can be carried out by left click of the mouse where the telescope is going to be at end slewing (red arrow on next
screen capture).
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itiens  Help

2 Zoom 3
% B«

Horizon »

el o

%

Copy coordinates to dipboard
Add alphafRA-Delta/DEC to the list of objects
B Adjust chart

Goto anti-solar point

Realign the Encoders,Telescope position

Goto the telescope position

Save telescope position to CSV file (Excel)
Add field for processing pointing model
Set this position as parking position

Find objects around this point

Add this point ot the ohject list [OBIL]
Download digital Sky Survey (DSS) located here
Ohject located nearby from CDS (WEB)

Performs a high resolution copy

ﬁﬁ Duplicate this chart in another window
@ Quick Save this chart

The mount will slew and perform a meridian flip to the destination coordinates.
On slew ending, the telescope’s side of pier will report “East side”
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Slewing in progress
R& = O1h06m15.295:
DEC = -23"48'48.78"
Distance 22°40"11"
Estimated time : > B00s

Fid zpeed : -8.284 "/zec
DEC zpeed: 4.012 */2ec

D estination
Fé = 01hDEm12 E38s

DEC= 017083767

Stop

Now go back to the control panel, and click “West side of the Sky”. Then click “Create field list”, this will erase and
overwrite the previous field list.

The blue dots that are representing the fields to be scanned, will change position to the other side of the Sky.
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# Control panel allowing field scan to perform Pointing model

Fieldz Carnera o
Wi i e th1 120 Sky area to zcan ; Binning -
in meridian angle [H] |-12. Al sky E:-:pu.:usure tirme [zec] |10.0 1108 202 343
b ax meridian angle [h] |12 8 west side of the sky OW'qd;'w = Camera
. 1 : :
Min elevation [7] |20 East side of the sky ' i M ain camera #1 =
tMax DEC 7] |45.0 Meridian angle gap [h] (1.0 Stalrag?éi?:gT dpiions
Min DEC [')|-80.0|  DEC gap field ta field ) [15.0 LISND 42 Pl ittinfly
A L o ||| ®ucac 2/ Jgxcimages
| Addcood. | e e I TYCHO I (__Foider )

Flate zolving [plus]
EJ If plate zolving failz, tries with another BA/DEC located up to 42 distance equal
£l

Amount of stars for plate zokving |60 A el

Angle H. Theo Delta App. Theo Angle H. Mes Mes dpp. Delta Distance Testz Fesz. [pid =
- -80°00'00. 00"

o3

T .00RDDmO0.000s

2  +0Th00mO0000:  -B0°00'00.00"
3 +0Z2h00mO0000:  -B0°00'00.00"
4  +03h00mO0 000  -B0°00'00.00"
5  +04h00mO0 000z  -B0°00'00.00"
g +08h00m00 000 -30°00'00.00"
¢ +06h00mO0000:  -20°00'00.00"
g8  +07h00mO0000:  -B0°00'00.00"
g +00R00m00 000 -65°00'00.00"
10 +0Th00mO0.000:  -B5°00'00.00"
11 +02h00m00.000:  -B5°00°00.00"
12 +03h00mO0 000z  -B5°00'00.00"
13 +04h00mO0 000z  -B5°00'00.00"
14 +05k00m00.000:  -B5*00%00.00"

earch iz over ! |t has lagted 257 minute(z) and 0/50 fieldz have failed. .

Create fields lizt

ST || Eiee Ak of ficlos= 50

Then just click “Startup”, and the process will commence.
Important: the mount should not flip to the other side of the pier! If so, CANCEL the process and:

- Avoid fields to be too close to the meridian
- Be sure about the NOVA mount setting and what cause the meridian flip; go above into this
documentation on how to overcome this.

The process lasts some minutes, if you have a dome, ensure that the dome is “slaved” to the telescope, otherwise plate
solving error will arise (obscured and missing stars).
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Control panel allowing field scan to perform Pointing model

Camera

Sky area to scan

tdin menidian angle (h] -12.0 Allsky Exposure time [sec) [10.0
M ax meridian angle (h] 12 (®) West side of the sky Camera
Min elesation [7] |20 East side of the sky Main camera #1 =
Max DEC 1] 45.0 Meridian angle gap (R [1.0 o

Min DEC [7]|-80.0 DEC gap field b field [*] |15.0

Delay after slew [sec) |1.0 Foalder

@ IF plate salving fails, ties with another RA/DEL located up to dx distance equal

Amaunt of stars for plate solving |60 e

#  AngleH. Theo Delta App. Thea Angle H. Mes Mes App. Delta Distance Tests Res. [pis =
11 +02h00m20.930:  -65°00'46.20" +0ThE7mA4.640:  -B5°0310.80" 15.E archin 1 0.
12 +03h00m24.430:  -B5°00°37.51" +02hS8m04.119s  -65°03'01.68" 15.0 arcMin 1 oo
13 +04h00m28.340:  -BE°00°24.91" +03hEEm13.800:  -B5°02'42.27" 14.4 arcMin 1 i
14 +05h00m33.370s  -65°0006.79" +04h5Em25.050s  -B5°02'07.55" 13.7 arcMin 1 om
15  +0Bh00m38.860:  -B4°B9'34 35" +05hG8m40.300:  -B5°00'30.29" 12.B archin 1 iin]
16 +00h00m34.440s  -60°00°28.15" +00h00m25.910s  -50°00'49.93" 1.4 arcMin 1 om

17 +01h00m00.000s  -50°00°00.00"
18 +02h00m00.000:  -BO°00'00.00"
19 +03h00m00.000s  -50°00°00.00"
20 +04h00mD0.000s  -BO°00°00.00"
21 +05h00m00.000s  -50°00°00.00"
22 +00R00mD0.000s  -35°00°00.00"
23 +01h00m00.000s  -35°00°00.00"
24 +02h00m00.000s  -35°00°00.00" -

Slewing to field #17 : 02h33m11s -BO0°0417"

Cancel Amt, of fields : 50

10s Bin:2:2 | -10.0°C |MX=1 MVY=0 | Filt.=R filter Foc=1487.0 mm) sca=2.50 '

As you can notice, pointing errors are increased compared to the other side of the Sky. This is normal, because DEC

mount axis and telescope optical axis are never perfectly perpendicular, and this error leads to large errors when mount
is meridian flipped.
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#._ Control panel allowing field scan to perform Pointing model

Fields
kin meridian anagle [h) |-12.0

bd & menidian anagle [kh] 12
kdir elewation [7] |20

Max DEC 7] |45.0

Min DEC [7] |-80.0

i Add coord, |

Flate zolving [plus]

Sky area to zzan
Al sky

@} WWest zide of the ghky
E ast zide of the sky

eridian angle gap (h] (1.0
DEC gap field ta field [7] |15.0

Delay after zlew [zec] 1.0

Amount of ztarz for plate zolving |60

vl

to field diagonal.

#  AngleH. Theo Delta spp. Theo Angle H. Mes

1 +00h00md7.E80:  -B0°01°25.99" +00h0ZmE1.410s
2 +0h0im03.095:  -B0°01"24.60" +00h5Em42 550
3 +02h00m35.210:  -BO°M15.19 +1ThBEm28.110=
4  +03h00m43.950:  -B0°01'06.08" +02hBEmB0. 740
5 +04h00m52.890:  -B0°004E. 30" +013h57m1 2. 250
B  +08h01m00.487:  -B0°00%21.51" +04ha7m30.230=
7 +0Bh01m0E.887: 79094977 +1Bha7mE2 840
g8  +07h01m10.980s  -79°99491.01" +0EhB8m0z2. 940z
9  +00h00m31.320:  -B5°00%B0.73" +00h00m48. 330
10 +01h00m36E.520:  -E5°0048.26" +00h58m24.720=
11 +02h00m20.990:  -B5°004E. 20" +1Tha7mb4. 640
12 +03h00m24. 490 -B5°00°37.51" +02h58m04.115s
13 +04h00m23.340:  -B5*00%24.91" +013h58m13.800=:
14 +08h00m33.370:  -B5°00'06. 79" +04h58m25.050=

Camera
E=pozure time

Mdindio

® 11

Star catalog

GSC-ACT
SMHO &2

[zec] 10.0

1.2

(@) LICAC 2/3/4

TYCHO NI

Mes app. Delta
-a0o2'o0.18"
-80°03'80. 79"
a0zt
-80032a.6e"
-8002'm4.01"
-800211.09"
-80°00"39.59"
-F9'Rg'24 52"
-BR°0111.76"
R 031379
-BR" 031 0.80"
-B5°03'01 68"
BRI 2T
-BR02'07 BE"

Digtance

11.5 archin
11.0 archin
10.2 archin
9.8 archin
9.3 arcMin
2.5 archin
8.2 arcMin
1.8 archin
1E6.2 archin
15.E archin
15.0 archdin
14.4 archin
137 archin

Binning -
141 (8 242
Camera
M ain camera #1
O ptionz
Random path
[ Save images

| Folder

Testz

b | ek ek |t | |k |t |t | b | bk |k |

Field zearch iz over | It has lasted 34.3 minute(z] and 050 fields have failed...

Create fields lizt

| | Startup

|| Files

i Amt. of fields : 50

33

If plate zolving failz, ties with another RA/DEC located up to 4% distance equal

Resz. [pid =
0ol
no3
0ol
0ol
0ol
0ol
0ol
0ol
0ol
0o
0ol
0o
0ol
0ol -

At the end of the process, the same form will appear, and you have to proceed the same way with.
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=, Pointing model computation

Field lizt Carnpute Flotz Frojections erors
Enable for computation Hour shift (IH] 15.9 arcMin
EEIISEED; St e % DEC shift (1D 1.8 arcMin
- erpendiculanty : - - -
FLSTHnE ot molar uk et @ Optical axiz - DEC awz eror [CH] B.7 archin
EastWest polar ais erar & | | RADEC Mon perpendicularity emor [MF] 1.9 archin
Tube fexure erar Szirnut polar axis emor [MA) 1.4 arctin
Fark. flexure erraor Elevation polar axiz ermor [ME] -1.2 arcSec
DEL cantilever emor Tube flexure ermor [TF] 5.0 arcSec
DEL Flesure '_3"':'[ ) @ Fark, axiz flesure [FO] 2.6 archin
Dy, perpendicularity errar : i
: Cantilewer DEC ermor [DAF] -3.0 archdin
R Encoder centering e [Coz)
R Encoder centering e [Sin DELC flexion axiz ermar [DAR] 1.0 arckin
DEC Encoder centering err.[Cos] Ciyr. nion perpendicularity err. [DHEP] [ i,
DEL Encoder centering e [Sin] Coz RA Encoder centenng erar [HCEC) A
Ts Sin A Encoder centering ermor [HCES] -20.9 arcSec
Latitude [degrees] ;| -22.953 Of Coz DEC Encoder centering emar [DCEC) 1.3 archin
Sin DEC Erncoder centering error [DCES] 1.1 archkdin
LCompute... |
Fié rezidualz 11.4 arcSec
Save result file [ cor] E DEC residuals 10.9 arcSec
TOTAL Fesiduals [before=19.2 archin] 15.8 arcSec

Do not forget to save the resulting “.cor” file as (for instance):
TubeEastPier-10-10-14.cor

This is interesting to look at differences between west and east side of pier models:

Field list Compute Flats Frojections errors Field list Compute Plats Frojections ermors
ErabiofoneliStion Hour shift (1H) 18.9 archlin Enable for computation Hour shift [IH] 159 archiin
g;"'[f)ﬂgtclog etror e % DEL shift (ID] -2 arcMin Calimation error % DEL shift 1D -1.8 archlin
- ‘erpendicularity - - - > R&-DEC Perpendicularity - - - =
S ety e it @ Optical axis - DEC axis emor [CH] 7.7 archdin et S 5 e 2 Optical axis - DEC axiz error [CH) E.7 arcMin
Eastwest palar ais emar & | |RA/DEC Mon perpendicularity emar [NF] -2.1 archin EastWest polar axis eror & | |RA/DEC Mon perpendicularity emor (WP 1.9 archin
Tube flexure erar & | | Aaimut polar axis erar (MA] -10.4 arcSec Tube flexure emar Azimut polar axiz error [MA) 1.4 arcMin
Fark flexure eror [ | [Elevation polar asis errar (ME] 2.5 arcSec Fork flexure ermor Elevation polar axis emor [ME] 1.2 arcec
DEC cantilever error @ Tube flexure errar [TF] -4.8 arcSec DEC cartilever emor Tube flexure ermror [TF] 5.0 arcSec
DEC Flexure grror _ @ Fork axis flexure [FO) 1.5 archin DEC Flexure grror X @ Foork asis flexure [FO) 2.6 archMin
Dyn. perpendicularity emor . . Liyn. perpendicularity errar
: Cantilewver DEC errar [DAF] 1.7 archdin ; Cantilever DEC ermar [DAF] -3.0 archdin
Fi& Encoder centering err.[Cos) R Encoder centering er.[Cos) : : :
R Encader centering e (3in) DEC flexion axiz emor [DAE] 3.6 archdin R Encoder centering e (Sin) DEC flexion awiz error [DAB] -1.0 archin
DEC Encoder centering e (Cos] [ | | Dyn. non perpendicularity en. [DMF) M8, DEC Encoder centering em.[Cos) Dyn. non perpendicularity err. [DMP) N/A
DEC Encoder centering e [Sir) () Cos R Encader centering error [HCED) M DEC Encoder centering er.(Sin) Cos Ré Encoder centering emar [HCEC) M
Ts || [Gin BiA Encoder centering error (HCES) M, Ts ' | [5in Ri& Encoder centering error [HCES) 259 arcbec
Latitude [degress) : |-22.953 Df | | | Cos DEC Encoder centering eror [DCEC) 1.4 archin Latitude [degrees] :|-22.953 Df | | | Cos DEC Encoder centering error [DCEC) 1.3 arcin
Sin DEC Encoder centering emar [DCES) 1.1 archdin Sin DEC Encader centering errar [DCES) 1.1 archin
LCompute... | LCompute... |
R residualz 11.2 arcSec R 1esiduals 11.4 arcec
Save result file [.cor] | | | DEC residuals 16.1 arcSec Save result file [cor) | | [DEC residuals 10.9 arcSec
TOTAL Residuals [before=5.0 archin 19.6 arcSec TOTAL Residuals (before=19.2 archdin) 15.8 arcSec
Side of pier : West Side of pier : East
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All the figures of IH, ID... DCES are not the same, but are close, or have opposite signs. MA and ME are directly related to

polar alignment errors and must be the same. It must be noticed that polar alignment of the mount used to create the
document is really excellent!

MA is jumping from -10.4 arcsec to 1.4 arcmin error, ME from -2.5 arcsec to -1.2 arcsec. This denotes a slight pillar
flexure when tube is located at the West side of the pier and the East side. This is why for German mount, performing
two models is always employed by professionals.

Pointing model is really powerful to extract what is happening to the whole setup (telescope + mount) and sometime
can help to apply fixes: polar alignment being too bad, tube flexion and so on.

3. Applying the pointing model to the NOVA mount

Once the two .cor files are generated by the process above, they need to be entered into the NOVA mount software.

First, close PRISM’s connection to the NOVA mount software.

ersion 9.0.5 build 4 2014-12-08 {UTC: 2014-12-08 03:31:47] Allocated > 377 155 047 - =

wrocessing  Analyze Camera |

) /| Window Options Help
W | sen

e e

Telescope control form Cirl+U
H,?-:: I:‘-'-] Image properties
n =

Then to the NOVA mount software, go to setup then open the pointing model setup form:

"I’ DDR ASTRO - Main control panel [Version 1.6.5 build 312 2014-10-11]

Setup’ Connect! Options Exit About

System setup . Destination slewing

Pointing model setup ot connected RA — a0 | h

Enable pointing model and select the TubeWestPier-10-10-14.cor and TubeEastPier-10-10-14.cor accordingly. So having
named the files this way is a good trick to avoid mixing up these files.
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"I’ Pointing and speed model

Pointing model telescope position correction ’,#‘___'

Pointing model, WEST side of pier

«+  [\Common Files\ASCOM\Telescope TubeWestPier-11-10-14, cor
,.--' 1A W \ \

Pointing model file, EAST side of pier

1) \Comman Files\ASCOM Telescope\TubeEastFier-11-10-14. cor

0K Cance

Never swap the files otherwise, the pointing model will produce twice the error of no pointing model!

Then connect to the mount hardware, and notice that pointing model is enabled, also speed model is enabled:

"' DDR ASTRO - Main control panel [Version 1.6.5 build 312
Disconnect Options Exit About
System status
Dec
Connected ! Connected !
“Tracking" axis mode - "Tracking" axis mode

W 2000.0 eq. Pos. Err

RA (app.) 16h19m13.4165 0.00"
DEC (app.) -67°45'44.96" -0.03"
Mer. Angle +11h54m37.620s5

AJTMUTH +180°43'24.61"
ELEVATION +00°43'44.70"

Overall error 0.03"

RA speed (app.) 15.4" /sec 21w
DEC speed (app.) 0.2" [sec 3.1W

System status : Sidereal tracking pending [East pier]
+ Pointing model enabled, + speeds

If the “+” button is clicked, a status window appears and shows the current status of pointing/speed model.
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Each of these models can be enabled / disabled, even the mount been online to the NOVA mount software. This can be
interesting for testing purposes. Also refraction speed can be set or unset, because refraction is causing pointing errors
(compensated by the software, but also tracking speeds errors).

Pointing/speed model status
Refraction
Refraction speed correction

Pointing model
Speed corrections due to pointing model
Fointing model as position
RA before model @ 16h21m
DEC before model : -67°45'56.04"
RA after model : 16h19m 12,349z
DEC after model : -67°45'45. 13"
RA distance : -34.1° (pole anale)
DEC distance : 9.9"
Overall distance to
Speed RA (m

Speed DEC (mas/sec) :

4. Final checks

It can be interesting to check how this pointing model actually improves pointing accuracy of the telescope. This can be
performed by manually pointing a field, or an object. At first pointing, synchronization with a bright star can be achieved

and will not jeopardize point model performance.

Then the same procedure of field scans can be achieved in both sky hemispheres (before and after meridian) to check
how the pointing model is actually improving the pointing accuracy.

The next screen capture is showing residual errors for each field that has been scanned. Some fields are exhibiting just
10 arcsec pointing error, other up to 2 arcmin, for instance. This is more than expected, but always the case because
different fields have been used.

It means, in this sample, if the telescope focal length would be increased from 1.5 m to 63 m using the same CCD
detector, in all cases, in all places over the Sky, targets will be inside the field of view of the camera.

Also same checking can be performed by long unguided exposures with speed model enabled.
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HEIC.IS e Sky area to scan AmEa Binning
Min meridian angle (h]|-12.0 Al sky Exposure time [32c] [10.0 141@® 222 33
I ax mendian angle (h] | 12.0 ‘West side of the sky {‘-;_\_-\"lndaw Carnera
Min elevation 7] |30 (®) East side of the gky - L2 T4 Main camera #1 =
Max DEC[']{45.0 Meridian angle gap (h) {1.0 Stalrag%ticlu:g.r Selic
Min DEC ([80.0]  DEC gap fiskd tofeld (] [15.0 USNO A2 = "onkmpath
@ UCAC 2/3/4 | Save images
Add coord. Drelay after slew [sec) (1.0  TYCHO I ==
Flate zolving [plus)
e | @ Itf p!ate splving failz, tries with another RA/DEC located up to 4= distance equal
o field diagonal.
#  AngleH. Theo Delta App. Theo Angle H. Mes Mes App. Delta Distance Tests Fesz. [pix]
2 -00hB9mE3.520s  -80°01'23.43" -00h59mB2 780 -B0°03'27. 48" 21 arcMin 1 0o
3 -02h00mD2.308s  -80°0115.47" 02h00m15.160:  -B0°03116.39" 21 arcMin 1 n.oz
4 +00h00m19.330:  -65°00'51.15" +00h00mZ5.100:  -65°02'05.96" 1.4 arcMin 1 nm
5  -00h59mdE.840s  -65°0048. 72" -00h59m45 290 -65°02'08.03" 1.3 arcMin 1 0ol
E  -01h59md43.300s  -65°00'45.40" -0ThE9mE1 720 -BR°02'0B.51" 1.4 arcMin 1 0ol
7 -02hB9mB3160s  -BR°00°39.26" -02h59m58.980:  -65°02'00.78" 1.5 arcMin 1 n.oz
g8  -03hB9mBE.T00:  -BR°0023.21" -04h00m0E. 5585:  -B5°01'39.22" 1.E arcMin 1 n.oz
9 +00h00m2E.740:  -B0°00°27.14" +00h00m29. 770 -BO0°0110.62" 524 arcSec 1 nm
10 -00hS9md5.750s  -50°00°26.83" -00h59m44.590:  -50°01'13.11" 47 B arcSec 1 0o
11 -01h59md7. 330s  -50°00%24 47" -0Th39m47 930 -50°01'15.49" 51.3 arcSec 1 0o
12 -02hB9mdB.930s  -50°0019.29" -02h59m51 430z -BOPO01'12.98" 589 arcSec 1 noz
13 -03h59m&1.800s  -B0°0090.04" -03h59mE7. 130 -B0°01'06.13" 1.3 arcMin 1 n.oz
14 +00h00m2E.670:  -35°0092.35" +00h00m28.190:  -35°00'34.43" 29.0 arcSec 1 nm
15  -00hS9md5.330s  -35°0070.90" -00h59m44. 670 -35°00'35.62" 26.0 arcSec 1 nom
16 -01h59md5.750s  -35°00'08.09" -0Th59m46.030:  -35°00'38.86" 3.0 arcSec 1 n.oz
17 -02h59mdB190s  -35°00'03.09" -02h59ma0. 000 -35°00'39.57" 42 F arcSec 1 0ol
18  -03hB9mB0.200s  -34°R9'54 33" -03h59m54. 570 -35°00'40.35" 1.2 arcMin 1 003
13 +00h00m26.920:  -19°R9'57 68" +00h00m27.940s  -20°0013.92" 21.7 arcSec 1 nm
20 -00h59mdd.930s  -19°R9'56.31" -00h59m44. 620 -20°00'14.69" 18.9 arcSec 1 0o
21 -0Mh59mdE.190s  -19°59'53 24" -0Th59m4E. 780 -20°00115.51" 23.8 arcSec 1 0o
22 -02h59mdE.990s  -19°59'50.65" -02h59m49.020:  -20°00117.36" 391 arcSec 1 n.oz
23 -03h5B9mB0.380s  -19°R9%39.27" -03h59m54. 900 -19°R9'G7 74" 1.1 arcMin 1 noz
24 +00h00m26.660:  -04°R9'42 45" +00h00m27.800s  -04°559'35.59" 186 arcSec 1 0.0z
25 -00hB9mdd 530s  -04°R9'41 38" -00h59m43.990:  -04°59'32.72" 11.9 arcSec 1 0o
26 -01hB9mdE.430s  -04°69°3913" -01h59m46.860:  -04°59'27. 35" 13.4 arcSec 1 0o
27 -02h59mdB. 360 -04°59°31.40" -02h59m50.390:  -04°59116.20" 34.0 arcSec 1 n.oz
28 +00h00m23.740:  +10°00'36.03" +00h00m24. 7905 +10°00'57.51" 26.5 arcSec 1 nm
29  -00h&9mdd 450s  +10°00'37 87" -00hE9m44. 210z +10°01'03.84" 26.2 arcSec 1 nm
30 -0hB9mdE.280s  +10°00'39. 48" 01h39m47 110 +10°01'09.258" 34.2 arcSec 1 nm
A -02hB9mdB.070s  +10°00'47 55" -02h39me1.370:  +10°01'23.10" 1.0 arcMin 1 nm
32 +00h00m24.020:  +25°071°'01.06" +00h00m25. 340 +25°01'49.33" 51.5 arcSec 1 0oz
33 -00h59mdB.240s  +25°01'03.33" -00k59m4E6.300:  +25°01'58.87" 55.5 arcSec 1 nm
34 -0h59mdB580s  +25°01'10.05" 0Th39m48 920 +25°0210.62" 1.1 arcMin 1 nm
Field zearch iz over It has lasted 18.8 minute(z] and 0434 fields have failed. ..

Creating a pointing model is provides a true added value, and can be achieved once every year or every two years for a
fixed telescope. For a mobile telescope, this has to be performed each time the telescope is moved. In the latter case, it
is not required, but mount performance will be degraded and since it just takes one hour to be achieved, it is worth the
effort.

-OOO-
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