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Acquiring images with your telescope, camera and
software for basic rigorous method

Uses. Cameraand telescope

High color index Basic hi-low method
Sets: High color index reference field taken at the b g tardal
end of session, acontinuous target field, and the Henden ,O Continuous
high-low reference extinction field taken once at the @ iy
beginning and once at the end of the session. preferred
Continuous VRC method
The high color index field and continuous target S Bt

. " comparison
field should be within 2 degrees of each other. stor in target
e
High color index
reference field -

V,R,C Landolt,

Images can be obtained using one of shooting
orders. For beginners, the left-hand basic method is

. . . Henden
recommended — because data manipuléation is more > O
explicit and easier to follow. Yo High-low Continuous e = e
fe:ctinctift_:ur':c| targetfield— . N target
. . . . reference field — V.R,C field
The high color index reference field is used to set VR.C Landolt 5

theinitial transforms and color index. The high low
reference extinction field is used to set the initial
extinction coefficients. The continuous target field

is used to set the fine tuned extinction coefficient. Low extinction “High”
“reference” field extinction
For practice purposes, it is possible to shoot only a . refanonos  feld

continuous target field and only plot araw
instrumental “quick peek” lightcurve, remaining
only MPO Canopus.
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Process — overview — Three methods to convert to standard

magnitudes

¢ Only one of the three methods — the basic “rigorous” method
is graphed here, using only the basic “high-low” imaging
method.

Ghntn Red \
Reduce - Target
-Color index
Calibrate images -Extinction
Convert target field
¥ to standard
L] magnitudes
Reduce - Reference
Extract reference | -Transforms
magnitudes 1 -Colorindex
-Extinction

. J

O

r

Binzel i
P et Quick Mags

comp stars - use for
f same Ft]:uh:nr index long-period Report to
i AAVSO variahles AAVYSO
are in target field
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p

In MPO Canopus, make a configuration for the | configuration Settings

imaging sessions. UserGuidev9.2, Lesson 1; General | MPC | Catslogs | Chatting | Photomety |
M PO Canopus M anual V92 a 51—67 Profile ]F'hétored'-' FOE j Delete
A configuration isapairing of an observer, location | tersl2ee [s[ e wie =] 5] o ni
and telescope. B
T Offset {00:00:00 [ Behind UT
Use and assumed value of 2.3 for the e/ADU if you FLnl [1e2 000 emoll [ 250
do not have software that computes the photos to = T
?/ln:'n (l)%luzt cggvers on rate from your images. D

= Header Exposure Time - i
£ Stat © Mid  End Frampt for time mode [

The effective focal ratio (telescope plus reducer or S—

Barlow) should be within 10-20% of its true value C e e
in order for the key “ Automeasure” feature to work [ |
properly. Manual v9.2 at 52. : =

« OK | b ¢ Cancel‘ ? Help |
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Build directory structureto store data. c:\mpo\udata In your personal project directories:

MPO Canopus software upgrades generally require [asteroid name]\ [asteroid name]\
recompilation of *.FF2 files. Leavethe original of
these filesin the c:\mpo\udata directory. Store

copiesin your archiva project directory. [asteroid name]\ Raw\

c:\mpo\canopus\ [session date]\

Processed\
Dark frames\
White flats\
Images\

High ref\

Target\

Low extinction\
Session data\ (*.obs, *.FF2 archive)
Reports\

Plots\
Project Notes\

<shortcut to c:\mpo\>
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In MPO Canopus, calibrate theimages.

Combine your white flats, dark flats and raw
images. MPO Canopus Manual v9.2 at 68-91.

See Manual v9.2 at 286 for meanings of image
operations.

Images can calibrated using other software, e.g.

Maxim DL or AIPAWIN.

If necessary, adjust headers. To operate, MPO
Canopus needs afew key FITSfields. See FITS
field list at MPO Canopus Manual v9.2 at 381-382.

DATE-OBS - Date time of the exposure
FILTER - filter applied
IMAGEDEC - Declination of the image center

IMAGERA - Right ascension of the image center

If necessary, manually adjust your FITS image
fields. MPO Canopus Manual v9.2 at 291-296.

Utlities  Pages Help  PhotoRed

Moving object search...
Wariable star search...
Asteroid browser...

Double stars

Asteroid search. ..
H/G Calculator..

Julian Date calculator. ..

Image Processing...

UserStar management...
View LOMEQS ..
MPC report editor...

Backup current sessions /observations...
Pack/Renumber current sessions/observations. ..
Mapage sessions lists, ..

Cirl4+M
Cirl+v
Cirl4B
Cirl4R
Cirl+H

Set white and dark flats

¥ SEIGtoFITS...
FITS to SBIG...
Edit header...

Eahd‘f process...
Set file date/ftime...

Raw images operated on

Selector list to exclude
individual images

Reports processing

o

Directory where processed

.mch Combine \

images are sent 0

=X

Flat

Save in original dirsctary [

lm Select Files | g Clear Files ] Files selected: __j
Ll

ik by = 1 Merge Flat - ]

j&\D ocuments and Settings\isherkatD e Lark.

iefator J _I(.j
Median Mormalized

Saveto |C:ADocuments ahd Set! s dd Operator

Merge Flat b K
Merge Dark and Flat | E |
]

|

/

Median = Make master dark

Median normalized = Make master white flat

>l Merge Dark and Flat = Apply master dark and
white to raw images
Files | Image

ﬂglose J ? Help ‘-

Inspect images with Image | Header info

Image Information

INSTRUME=
OBSERVER=
SITELCNG=
SITELAT =
DRTE-ORS=
EXFTIME
OBJCIRL
OBJCIDEG
IMAGERR
IMAGEDEC:
CENTRALT
CENTAZ
AIEMRSS

'( Tm:!

'FLY] IMG-1001E"

"B. D. Warner'

'-104 45 00.0°

'$39 05 00.0°

12004-01-23T01:29:45.
4.000000E+001

0§ 55 00.00°

'$13 42

06 54 59.67"

"$13 41 45.5°

428 16 46.1°

1+95 11

on.ar

S
25.8"

630"

EY

Edit single or batch images with Utilities |
Image Processing | Edit Header

FITS/SBIG Header Editor
f Use with Caution - Make Backups of Images to be Edited
Singe File ] Bratth Piocess ]
Keyword [ Data I'Cnmment
MHAxIS |
M&xIST
MaxIS2
BZERD g
BSCALE |1'D |
Walue | 1.00 Save
Kepward -
Walue | Add J
C:AMPOAUDATAACalibrationsm13.FTS
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When creating a session in MPO Canopusto B %
measure an _asteroi d target field, set the asteroid Pt ] : . ! _ |
characteristics. User Guide v9.2 at Lesson 11, p. = : B Asteroid Lookup o
33-34; MPO Canopus Manual v9.2 at 51-67. i Bhiset [Hate . —
6/916 America | 0971112006 Number Narne | AHiEE =
Uses: MPO Canopus Sessions Tab. 5/o16 America 5TD  J0ort1/2008 of [ | 74 Galatea wee =] et |
11/916 America 5TD [09/03/2006 ?5; Eurydike Sort by
Sets: New session characteristics. | i2steameicasto  osnimas o | | 76 Feia | Number v
“ : (T . . . | < | 3 TF Eii =|
A “Session” is aunique series of images taken of I:ﬁt;; ?gga g:zjuﬁ : ,.'é_[_;i':s: =
. . . rigga {08725 Ll | E
oneobject with aset o fltersat nearly thesame. =5 B e
Ime. Itispared with a”conriguration” —aunique Session  Object MdDal [T agles | =
. csery - {Sappha e | x Cancel Calc DE
observer, telescope, camera and location. | 14 [r7Frigga 7 || 20pff e —~—————J L]
Search faor 1?? e
- : v l=s
Telescope JIII.4m X200 with redu j Fi -
Fraie 49137 10
Camera [SBIG 5T-7 | Temp [ 10 Exp[ 120 B pCaIBAZN 1719 e
| Compa 41500027131 W Use
EstKag | 11.80 E. Dist. r1.45€ R& .42 éCn:lmpz'.lJJ(':E?'.’:.ESESL-"K:32':-’.-5.2 [¥ Use
) 0021 5.Dist. | 2398 | comps[X.40147/V12088 | Use

Dec +11
oM+ | 0027 & |
2

Notes

..__,,,h.---* “n \

N\, Asteroid lookup fills in asteriod

characteristics
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Extract target field image data

—
MPO Canopus

Acquire field images
- Target . . Extract target
. + — E
- Comparisons Calibrate inages magnitudes
- Object
o J
[
Target ; ; Choose other
; View raw Comparison ;
field image Extract Make ; comparison
: : comparison stars
in data ohservations . stars or
: i plots variable? ;
V and/or C {Lightcurve .FF2 files reshoot session
wizard)
Quick peek target
lightcurve with
> raw target
Save image of instrumental
Choose hest mrrlryt]es:]?arsst& 2 vl magnitudes
i t
comparison star campStar L,

( Continue D
— impaort data to PhotoRe
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In MPO Canopus, measur etar get fields that Target imagesin MPO Sessions— observationstable Comparison star plots to detect
contains atarget within MPO Canopus. Useeither  Canopus and astrometry table. Makes variable comparison stars

continuous V,R,C target images paired with one
high reference field, or continuous V or C paired
with high-low reference fields.

Lightucurve Photometry Wizard

Thiz wizard guides you through setting up to measure a
sefies of images of the same: target for ightcurve:
phatometry.

The first step is to open the first image. This should be the
first image of the series by order of dats and time.

“When the second image is Inaded, numbers are displayed
that corespond to the position and order from image 1
Click the box to hawe black numbers [for inverted images)

I~ Black Numbers [ Star Subtaction
[~ Measure two sets
x Eancel] weBack J »5 Net ‘

(Reference fields are measured below in PhotoRed.)
Uses. Target field images.
Sets: MPO Canopus Observations Table.

-T

-3 - e

Color-coding in observations
table and astrometry display
are:

If the cell isred, the Red
magnitude of the star is
being reported from the
source catalogue; if the cell
is blue, the Blue magnitude
of the star is being reported;
if green, then the V
magnitude is being reported.
These may be Johnson or
Cousin's values depending
on the source catalogue. A
checked box meansthe
comparison star isused in
the intensity/magnitude
solution equations.

Nature of grey highlight is
unknown.

archive files (* SESS.FF2

Comp Star 1 - RAW 0=JD 2454003.9000

and *.AST):
. . 7683,
7843
I Pttty Sesiind Gata %] =i, v ¥u
geaems D [T—— I Cergarans Pory .
[T Doe/Thee  MqWoss (BiMag DR{isg Compl Cospl Comp? [~ L o%s %
Mag Bl Mg . oo
| mwn 748 & .
Tan s W w T T
78m Ty
Tam me i .« *
T mwm .
au| s 23]
7203
ob1  ob1 003 085 007 0@ om 013 01 o
<l
Observations for: 771 Libera

(*.AST)

EEMAOAAEEAnEana=

Does not extract standard
magnitudesin data table
when imported to PhotoRed:

Iu e |8 s B Iz ]

7 ot S L b PR T B L )T L R
85 989099 990 99.9490 : 99950
(i} 85.9980:99.990:99.590:95-9%0
59990 95284 35990 55990
a 95.950:95.590 55.350159.930
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Save tar get comp starsimage.

Note down for later use in First Order (Comps)
reduction, the best comparison star in target field on
criteria: (a) linear response, (b) low noise, and ()
optionally nearest brightness to target.

On the saved target field image, edit and mark the
best comparison star for later use during target
extinction reduction.

In MPO Canopus, after target field images are
measured, plot and adjust the comparison stars:

Comp Star 1 - RAW 0 =JD 2454003.9000

-7693
-T843

-7.593 * L]

-7.493 - »

T 443 *

7,343

-7.293

0,01 0.01 0.02 0.05 0.07 0.09 0.11 0.12 015 017

Uses. MPO Canopus Photometry Sessions Tab.
Sets: Plots comparison graphs.

Exclude/include comparison stars based on criteria:
(@) linear response, (b) low noise, and (c) optionally
nearest brightness to target.

Lightucurve Photometry Wizard

If bath images have been measured. you're
now zet for semi-automated photometiy.

The next steps are to close this wizard by
clicking the Finish button and then select
Phatometry | Set image st fiam the main mes,

Use the Print Comps button ta print the: first
image in each set with the comp stars indicated

. Save archive image
“"of target comp stars
for future use. Mark

best comp on image.
Fiint Comps

X Cancel 1

I7  Cligk toadrbmatizall

<< Back ‘

Archive image of target field

with comp stars marked.

“Low noise” means a good
signal to noiseratio (SNR).
The MPO Canopus Manual
refersto agood SNR as “more
than 100" (Manual v9.2 at 130)
and apoor SNR as 30-40
(Manual v9.2 at 137).
Lightcurves at Sec. 4.5.4.

B8 Photometry Sessions Data

Session Data

DOb=ervations

#  Dbject
: 6915 .A}nérica
9;91'5 America STD
1 il916 America STD
12;§15 Amesrica STD
13§T? Frigga

14 77 Frigga

Se=zion  Object

b=

EDate "‘\'
er11/2006 08:15:00
5[?9!11;‘2&06 07:30:00
é'uwwzuue 02:00:00 | [ =]
|09/11/2008 08:15:00
09/23/2006 07:26:00

{09/25/2006 06:45:00 | [y Wi o | 5T Gancs

Mid-Diate Wid-Time- Band

| 14 1?? Frigga

x| | 2008mores | 0645 |c

Telescope II:I.Zm L¥Z00 with redu

Lj FL. 4313

Camera |SBIG 5T-7

j TempJ_16_ Exp | 120

;:J | Destta Comp. | 5,571 cﬁ*

Cormp1 {2450 270 187 42

CcrmpZiIX:31ﬁ.12.-’Y:13?.19

_— .
5 Cl:rmp:}lX:S.1E-.I]§“f:2T1.3'1

v USE\S

v use | Plots the
comparision
I Use | star data

Lookups and set asteriod data

for known aster

jods

Estiag [ 11.50 E. Dist. ]Wé" Aa | oz Compa[x:323.88/7:329.42  |v Usd capf:ured from
the images and
ou - | -0.027 it ] 2398 BEg] i CompS[xX.401.47/v14088 I Use | lists the
ow = [ 0027 J = comparision
i mgmzmpl I Notes J I starspfor
w___— inclusion -
exclusion
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(con....) In MPO Canopus, after theimages are
measured, plot and adjust the comparison stars:

Uses. MPO Canopus Photometry Sessions Tab.
Sets: Plots comparison graphs.

In MPO Canopus, optionally, export an *.FF2
archive datafile.

Bring up the Sessions Data dialogue (Crtl+S) and
usethe “To File” option to generate an *.FF2
archival file.

DRt ',/. .
L S Confirm
Session Data Observations Comparizon Plots
= = = = <2 DeltaComp haz changed. Accept new value?
Use Date/Time Air Mass | Obj Mag ODbjIMag | Compl Compl omp2 —d
= ! il I | HMag | IMag 3 Jot '
» 08/25/2005 04:15:13 1217) 93930 BE% 99590 Tamy 5 2
— 1 1 1 o
r' 03/25/2006 04:20:51 1.2271 59.350) -8.580] 99.930| -7.450) =
|_| UEJZE#’ZUUE U4 25 23 | 93990/ 8562 99.930] -7.3398]
r’ 094’25;’2008 04:31:55 1.243| 93990, -8.486] 99,990/ -7.369]
[ |03/25/2006 043727 1.261| 93,930, -8.563] 99.930] -7.447)
[ |08/25/2008 044300 1274]  sasen]  gEez  magen]  7.ase|
<]

9/25/2008 04:15:18 -2.&0 -7.44% -7.370 -8.854 —6.&0C( L &L
04:-20:51 -8.88 -€.659 —6.609 -6.342 -&. 4
04:26:23 -B8.5S -6.590 -6.541 -6.247 -6.
04:231:55 -2.45 -6.536 -6.502 -6.199 -§€. B!
04:27:27 -8.57 -6.652 —6.616 —5.291 -6€. \
04:43:00 -8.58 _ -€.671 -6.665 -6.383 -&. 137,15 v Usd Plots the
04:48:37 -8.54 -7.405 -7_337 -6.618 —-6.556 —-6_33% -¢€ WL
et i e comparision
<l @ A3 A star data
Observations for: 77 Frigga Al Mase Vales ||-3z522 7 usq | Captured from
the images and
ou- | 0027 s.0st.| 2388 fec] =t comps x:40147v12088 [ Usa | lists the
o+ | 0027 comparision
4 cm\cr.wmﬂ
stars for

A~ inclusion -
4 exclusion

Lookups and set asteriod data

for known asteriods

L §
Session Data Dbservations ] Comparison Plots 1
s Object Date [ Hew By
1S_EAKGem :wwzou-a 01 5 et I Ly I 57 pavert I
19/ AK Gem |01/03/2004 01
ZGEAK_Gem fmrwzou.t o1 El  tioeee ] Butput Ot
» 21| 771 Libaga lne1amass n4[
:

22/518 America | : = fg Hup Dot =
I Jir (“ {Canopus expart files
& ' oK (" Test file
" Both X Cancel
Session  Object Mid-Date Mid-Time Band
| { J I e ] ,‘*‘“j 7~ JD Comection
— — " Hane

& Light-time:
" Heliocentric

Tei&scnpe] 5 j FL |

Camera |- v Temn Fxn
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In PhOFOReCi_’ make and retrieve a" zero-based B MPO PHOTORED - Photometric Reductions for Lightcurve Analysis and Research
Re(:‘]UCtIOenf?.dl.alogUﬁ 0 yrc])u CaI'I;I]fO“OW the Changes File Image Photometry Plots Utiities Pages Help Canopus
in the coefficients throughout the process. T T - - i — =
g p ﬂ Photometry wizard b ! Reduchion Valios E] =l 5
. . = = 5 O i lizt. .. Ctrl+I T
Make the zero-based reductions tab by zeroing out T— i * | EstsSimp | Transioms | Colorindex | Stdbage | GuickMags ]].
. . 3 f |
all the entries (or changing them to 99.9 as . Load observations... Crl+ — First Order — — 2nd Order — — Simple
H Dat Save observations... I
applicable). On the menu bar, use | Photometry | e s e B[ Ioeas || B o000 Ref. Offset | 0.0
H s ” I 20,2002 i
Backup saved transforms. This createsa“*.prr . TarqelC [ o.oen |f
file 872042002 Print obzervations.. . | < larget-Lompix i
. 3/20/2002| ol details to text... vi =00 i 1""] <Target Inst> l_"_'l‘_"_':’_'l_ﬂu I
. . . 3/E0/2002
At the start of anew PhotoR(_ed project, retrievethis |~ "~ | Transforms values... coiet | | gl 005 || B Target Anchor [ 0000 | ||
zero-based Reductions tab with | Photometry | LU e r——— -| Standard Shift | o_000 I
Restore saved transforms. 220 2007 | i [ o000 || 1]
FF20H 2002 S - - -] Target C1 0.aan |
/202002 ZZE3.0.. TRUE 2 Comp3
. ) 0. ot Comp C1 0.aoa
arzo/: All values in Reductions tabs HEET | - M0 1l i
=720/ are set to "0.00" or "99.9" for
3/28/: Color Index and Std Mags tabs
e e 28 petesh | [ [ save | ] Ciose | J
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Extract reference field data - reduce transform coefficients

Acquire field images
- Reference
- Color index
- Extinction

r

Calibrate images

"_
PhotoRed
" Extract target . Reduc_ﬁ_;;esf:;:;:*?
maghitudes _Color index
9 &,

Deselect outliers

L

Reference Mak Reduce - Reference View
field image Extract b —| Transforms transforms
i ; data ohservation ;
high color-index i Color index plot
(Photometry .0bs files
wizard)

Comparison
stars
plot bad?

/ Set transform

Reduce - Reference
Errors

MPO Canopus/PhotoRed Acquistiion and Reduction — Screen Shot Tip Sheet - Basic (Rigorous) Method — Page 14
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errors
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ransform error
plot bad?

Deselect outliers

Continue

— To set rough extinctio
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C

\ coefficients
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In PhotoRed, measure high and low reference-
extinction field and high reference transforms field
near target that do not contain atarget per User
Guide v9.2 at 55-59, Lesson 18: .

B8 photometry Wizard )

Reason for Using the Wizard

PhotoRed:

& Edfinction/Transtorms Huick Mags ' T et

Select the source for magnitudes. - -
It uiging the Hardie method for first order values or transforms, you must use a catalog with accurate -

BYRI magnitudes. Select either LONEDS or USER. All stars must be from the same catalag. Itis not
allowed to use some stars from one catalog and

other stars from another catalog,

‘You will set the fiter and group when measuing the images with the Image List

Catalog |User b

XEance\| << Prev | Hext >> |

Measures only one filter group (V, R or C) at atime.

Uses: High-low extinction reference field; high
color index reference field.

Sets: PhotoRed transforms table and *.obsfile.

PhotoRed Reductions Menu Options:

|
£l
i Reduction Method -

i Transfarms 7 Emarz {7 Binzel Ref Field
i~ First Order [Comps] 7 Comps Standard Mags

™ Second Order { Target Standard Mags

£~ Binzel Target Std
" Binzel 5td Magz

05 A,

Reference field imagesin

" Guick Mags
{ First Order [l Sky) 7 Color Index [Comps/Target]  Binzel Target Wark  © Simple Diff.

PhotoRed Transformstables  Nothing

Extracts standard magnitudes
in data table:

- | Tom sNE  |B | = I

i 488 13.155°12.118 11.535 11.004
R 488 12.571 '13.458 12.151 1Z2.843
| AHE 1z.016:11.530 11.239 10.350
=Gl 488 12.6€23 '12.309 1Z2.123 11.30%&
8wz 488 12.483:11.467:10.322 10.433

Saveto *.obs files— one for
extinction with high-low data
in extinction field and one
for transforms/color index
using the high reference field
near target.

i Filkers —

[ Blue [ IR
[v “isual [w Clear

_[FHE::I
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“Transforms’ —Reduction M ethod Option - PhotoRed Lightcurvewizard Transform Tab — Reductions  Transform coefficients
PhotoRed dataon high color index — , e N

reference field — stored in e — B == ]
Uses: V, R & Cimages of high reference field * obs file et RS =

B|WeZaed | o0.000 | o.oo0 | o.oa - T S T

¥| z.esz | zo.189

Sets: Rough coefficients to transform instrumental

to standard magnitude using reference fields.
Lightcurves at Sec. 5.7; User Guide v9.2 Lessons 18

¥-R Z.P.

-0.2a5 | o0.824

R| 1.422 | 20.741

1| a.o00 | aop |

(first half at pp. 60-62 — “Transforms” option) v ze

e s [z || |[ocos [ soow
Also sets: Hidden color index coefficients to -
transform instrumental to standard magnitudes using et | [ oo |_floee |
areference field. Lightcurvesat Sec. 5.8; User

Guidev9.2 Lesson 18 (first half at pp. 60-62 —

“Transforms’ option)

“Errors’ —Reduction Method Option - PhotoRed Lightcurvewizard  Setsnothing; plotisreadto  Transform coefficient errors
PhotoRed data on high color index confirm that transform .
reference field —stored in coefficients are useable ‘

Uses: V,R & C datafrom reference fields * obs file

Sets: Check the transform errorsin the reference
fields. Lightcurves at Sec. 5.8; User Guide v9.2
Lesson 19 (“Errors’ option).
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"'_
PhotoRed
Acquire field images Beiiice < Beferamce
“fefersnce > Calibrate images > Extract targe » Transforms
-Color index g magnitudes _C lor ind
- Extinction “ReerInaex
\. 7

Deselect outliers

L 4

|
I
Reference Reduce - Reference View
field image Extract Make - Extinction sutinekioi Extinction
highlow data ohservation “First Order — lot plot had?
extinction {Photometry *.obs files All Sky™ P
wizard)

Set rough :
e Continue
extinction Gt
. — To set target extinction
coefficients

In PhotoRed, extract extinction referencefield
observations, as shown above with respect to the
high reference field.
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Operateson

Sets

Plots

“First Order —All Sky” —Reduction Method
Option - PhotoRed

Uses: V, R & Cimages of extinction reference
fields.

Sets: Initial rough estimate for first order extinction
coefficients and nightly set point — a predicate for
finding refined first order extinction using the
Modified Hardie Method from the reference fields.
Lightcurves at Secs. 5.9-10 and User Guidev9.2
Lesson 18 (last half at pp. 62-63 —“ Comps- All
Sky” option).

PhotoRed Lightaurvewizard  Ext/Simp Tab — Reductions

data— high and low
extinction referencefields —
stored in *.obsfiles

B Reduction Values L-__]
Ext/SmpN, Tiarsforms | Colorlndes | SidMags | QuickMags |
er — [ Simple
Ref. Offset | zz. 453
<Target-Comp> [T;
<Target Inst> [T_T.i

Target Anchor | 11 225

Standard Shift | 11 340

Target CI
Comp Cl

c Befresh I El Save ﬁglose ‘

Extinction coefficients —
referencefields

Standard magnitude sxtincion from PhotoRe:
9IH2D0E setting sessicn - comps extinction
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Operateson

Plots

- (
MPO Canopus PhotoRed
i Reduce - Target
Extract target WHPGIE § Color?ndex
magnitudes i
g -Extinction
. , Y >,
Import Reimport
target field Make - Make special Store special original target
data from ohservation single group tahle ohservation field data from
MPO Canopus *.0bs file *.obs file MPO Canopus
Deselect outliers
L J
Reduce — Target ; Continue
- Extinction ex:?ne;;un Extinction nt t:a_rgz:t fing - To set target
“First-Order lot plot bad? Exf'p .m:' color index
Comps" P chelhiens coefficients

t

Hote on hest
comp star in
target field
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In PhotoRed — pull-import MPO Canopustarget B #P0 PHOTORED - Photometric Reductions for Lightcurve Analysis and Research

field datafor V, R and C filters forward into Fle Image Photometry Plots Utliies: Pages Help Camopus "
PhotoRed’ s reduction table. User Guidev9.2at 75 | & = | SRS T |
76. Lesson 20 i -—— y | from Exported Sessians...
, - T Ed S —
Or measure images using Differential Photometry ~— pace o] use | J, SRCERE R
using specia “group” settings per User Guide at Import multiple Henige processing ’ Sess | Dbiect | start Date [Fil [[]
User Guide v9.2 at 69-74, Lesson 20. sessions - one Userstar management. .. L4l -T'_=.'-"-?‘~‘i Libera’ | ’E!,-’-‘]BHTSES_}:JJ_@:'U@'QH-E
B} ; View LONECS ... | 2771 Libera 9/22/1998 4:00:00 &N C
L S —— for each filter Quick Mags management... ] 3 916 Ameiica 9/3/2008 20000 M | C
i . e i L e i V.R,C | eeraerate bebeh e ference e | 5 916 Ameica (941142006 7:30:00 4 C
=t o i sl ol iy s B s g _ L 5916 Amenca [3411/2006 & 100 At C
o Dl s e gt o0 x| 3 916 America 5TD | 9/11/2005 7:30:00 Ak

111916 America STD |9/3/2008 Z:00:00 AM |V

Save the combined filter datainto aworking *.obs 3 x) SRS R e e T | 12 MBAmeicaSTD 3/11/2006 B1E00 AN Y
file. | 1377 Fiigga 3/23/2006 7.26:00 & C
T ow | ool | 14 77 Frigga H/25/2006 EAEO0AME [+
Save Observations Bl i =
Save in: [ UDATA R = 8 = - " Sort by 1Session v]
e — 1 Do no clear between session imports kK, | Canicel
_J ‘émc‘bem C.0BS p Search J x ]

Recent |l A GEM v.08S
@ LESSOM18 FOE.OBS
@ =l LEssonz1.085
- @ LESSOMZ1 GROUPZ1.0BS
Desktop || FesOnN24 QUICKMAGS.OBS

. ‘@LESSONZ‘I SimpleReferencerield.0Bs
_j ‘ﬂ PHOTORED 36ATALANTE.OBS

My Docurents

My Computer

My Network  File name: | _GEM_F|0BS = Save l
Places ] |
Saveastipe;  [Observation [ obs) &l aird
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Operateson

Sets Plots

In PhotoRed - M ake special 2" observation file
list using the target data field with just one group
number for all observations. UserGuide v9.2 at 85-
86.

Uses: Reductions table.
Sets. Special *.obsfile
From UserGuide v9.2 at 85:

“Here comes the time saving trick. The Color Index
(Comps/Target) method requires three groups of
datain order to calculate a standard deviation of the
derived values. On the other hand, the Comps
Standard Mags method, which uses the exact same
data, must have the data arranged so that thereis
one and only one group but with at least three
observationsin each filter per group to compute the
standard deviations. Y ou don’t want to remeasure
the images, keeping the Group number at 1 and you
don’'t haveto.”

Reload and re-pull the MPO Canopus tar get
field datafor V, R and C filters forward into
PhotoRed’ s reduction table. User Guidev9.2 at 75
76, Lesson 20.

Y ou can aso reload the saved * .obs data from the
temporary working file.

Reductions observation table Makes specia “obs’ file with one group for later use by the

in PhotoRed.

On the menubar —
Photometry | Save
observations

Reductions table — loads.

On the menubar —
Photometry | Load
observations

“Comps Standard Mags’ Reduction routine.

Tse |Grp | Heme BR | Dec | -BoM. - [Bend
TEUE 42 Compl e e 2 e e et b O S 2 e
TE 01-51-%.  _ +3%-28- 1488 £
| Expand all : 7
B Collapse al LRI il
I8l OTEETSEL AR R AR
T2] Toggle Use status (TEIS AR (= e R 5
" Tmi  SetlUse toTrue ﬂjr @ﬁé o
Tol  Setlse to False P B
o e
e Set filter... o . =
= Set name... = o OF. % Caricel | i
T8 Delete observation 0 ———— Eri
TouET 47 Comps e S F39=FRE .0 1701 g
ToUE 4% Compd 01:51:-2. taESERo o TR
TEUE 42 Terget O1:51-2... +89:28-.. . 1.z0% W
TRUE. 43 Coumpl 01:51-2 +359 526 1207

H MPO PHOTORED - Photometric Reductions for Lightcurve Analysis and Research

File. Image FPhotometry © Utilities Pages Help Canopus
5 ] Fhatometry wizard » D 5~ [T~
< Openimage list... Cirl+L t
Al
|  Load observations... Cirl+H l
Date | Save observations... [ |Ra Dec | ime
aszosza0z | Clear observations.., | inma-s1-a__. +11:-s6-.__ @ 1.217

Seeillustrations above.

Thisreloads the original
target field data; not the
special *.obsfile.
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“First-Order Comps’ —Reduction Method Imported PHESSES dataor ~ Ext/Simp Tab — Reductions  Extinction coefficients — target
Option —PhotoRed. User GuideVv9.2, Lesson 20 export *FF2 file or saved R . field
- .. B8 Reduction Values Q
* ObS f||e' on Ol’lglna| target ExtJSimp™y, Trarsforms | Colorlndes | StdMags | GuickMags T

er — [ Simple

Uses: V & C continuous images of the target field— ¢4 from MPO Canopus
or —V, R & C continuous images of the target field - o T“ff"y—

<Target Inst> P-} 177

- and using the reference field transform and
extinction coefficients set above.

Target Anchor | 11 225

Standard Shift | 11 340

Target CI
Comp Cl

Usesonly 1 comp star —the best of 5 possible comp
stars found when measuring field in MPO Canopus. o . ‘
See above in MPO Canopus where the best comp Run extinction reduction by S ereon | [@sme | L oeee |
star was noted down for future reference. selecting the best comp star

-

Sets: For the target field refine the first order
coefficients, readjust the nightly extinction and set

the transformation equation nightly zero-point. Comp ﬂj 1
Now that you have an initial rough estimate of the
transform and extinction coefficients from the W OK X Cancel |

reference field, amore refined estimate for the
target field can be obtained. Use the target field and
Lightcurves Sec. 5.12 (continuous target field
images — “First-Order Comps”) and User Guide
v9.2 Lesson 20
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Reduce target field — set color index coefficients

" gn N v )
MPO Canopus PhotoRed
Extract target import | Reduc_;;‘:’::?:;ex
maghiees -Extinction
o %, . »,

Deselect outliers

k4

Reduce - Target

Original target ok inag VIE.\-'W Color index Set t?rget Continue
field data from “Colorindex color index plot bad? color index - To set standard
MPO Canopus (CompsiTarget)” plot coefficients magnitudes

MPO Canopus/PhotoRed Acquistiion and Reduction — Screen Shot Tip Sheet - Basic (Rigorous) Method — Page 23



Dialogueoption; Operateson; Sets Operateson Sets Plots

“Color Index (Comps/Target)” — Reduction Imported PHESSES dataor ~ Color index coefficientsfor ~ Color indices for comps and
Method Option - PhotoRed export *FF2 file - on target target field target intarget field
, . . field from MPO Canopus S— , s =u

Uses: V & C continuous images of the target field — 7 P n;r‘e?:ua;onTVa.re-s — ‘EZJk-M ] ST
or —V, R & C continuous images of thetarget field = = e st Lok -

Obj | oo0ad Obj | z.871 |0bj | 0.000
Sets: Find the color index coefficients for OmEE R | EED o el bt ST ae]
comparison stars in the target field. Lightcurves at c2[ oo | lez[ wsm || 2] oem
Secs. 5.13 and 5.14 and User Guidev9.2 Lesson 21 - = N - EED| o EEm R
(option “Color Index (Comps/Target)”). “: “: “i

e BRefresh I EI Save j-'L Cloze |
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Reduce target field — standard magnitudes of comparison stars

PhotoRed
Reduce - Reference Reduce - Target Convert target field
-Transforms N : "
; - -Color index to standard
“Lolgr aEy Extinction maghnitudes
-Extinction ) g

J

CEETC;‘-_MS in Coefficients in
?;]' uI 1ons Reductions
ratogue Convert target dialogue

comp stars to
» standard magnitudes
“Comps Standard Mags™

Convert target
to
standard magnitudes
“Target Standard Mags”

v

Target field -

; Target field -
stored special i
; original
ohservation 3
7 ohsenvation
.obs file 7
.obs file

Save the . stan::‘:ri:iemag ( Continue >
Reductions tah * FEZ archive — To plot lightcurve

coefficients file
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“Comps Standard Mags’ — Reduction M ethod Special single group *.obs Standard magnitude Standard magnitude conversion
Option - PhotoRed file" created above coefficients for comp stars indices for al available comps
Uses: Special single group *.obsfile” created above ' Eﬁwuctzonwm ] ]EJ-'--“ " — =
Sets: Find the standard magnitudes of target in the A -

target field by the alternative “basic” instrumental to s | ‘ ‘ | ) e
standard magnitudes method. Inthetarget field, - " —_—rererar

convert theinstrumental magnitudes for the Does not reset the R e e e

Comparlwn gars to Standard mwnltUdes' Ob%rvatl on ValLES |n the 5| 99.500 [ 9s.ssa| ss.9s0| s9. 900 [ 93950

Lightcurvesat Secs. 5.15 and 5.16 and User Guide (/e Sets reduction

v9.2 Lesson 22 (option “Comp Standard Mags”). coefficients only Suion] [ s | Tt |

“Target Standard Mags’ — Reduction Method Imported PHESSES dataor ~ Datatext table for export List of target standard

Option - PhotoRed

Uses: Target field data on one filter and coefficients
set above in Reductions dialogue tabs.

Sets: Find the standard magnitudes of target field
comparison stars by the alternative “basic”
instrumental to standard magnitudes method. Inthe
target field, convert the instrumental magnitudes for
the target to standard magnitudes. Lightcurves at
Secs. 5.17 and 5.18 and User Guide v9.2 Lesson 23
(option “Target Standard Mags’).

export *FF2 file - on target
field from MPO Canopus
(original *.obsfile)

listing target standard
magnitudes by Julian date.

Doesnot reset the
observation values in the
table. Setsreduction
coefficients only

magnitudes
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Sets

Plots

In PhotoRed, save the Reductions tab.

Uses: Reductions tab coefficients and completed
reduction.

Sets: The coefficientsin the Reduction tab to a
“*.prr” file.

In PhotoRed, optionally, make an archival
export file- *.obs

On the menubar — Photometry | Save observations.

Photometry | Flots  Utllites Pages Help Canopus

Phaotometry wizard

Open image list....

Load observations...
Save observations...
Clear observations. ..

Print observations...
Full details to text...

Transforms values...

"l

Ciri+l
Cirl+l l\‘

L T B o |
I T T T T |

Backup saved transforms...

2 TRUE 2 . Comp3
bk H TRUE Z Comp4
3. TRUE Z CompS
23.- TRUE 2 Target
T3 TRUE 3 Compl
23.. TRUE 2 Comp2
TZE.. TRUE 3 Comp3
e 2t TRUE 3 | Compd

Ext.fﬁimp] Transfarms ] Caolor Index ] Std Mags ] Quickiags ]

 Simple -

— First Order —| [ 2nd Order -
B o.o00 ||[B| o0.000
vl o.7sa || ¥
Rl o0.sz0 || R|
1| o.ooa [ [0

_ €f o.e30 | |g| o.o000

o

Ref. Dffset J 0.000

¢Target-Comp> 0.000
<Target Inst> 0.000

Target Anchor 0.000

Standard Shift

0.000

Target Cl a.000

Comp CI 0.000

$ Befrezh | E Sae ‘ fL Cloze ‘

= MPO PHOTORED - Photometric Reductions for Ligﬁtcurve‘ Analysis and Research

File. Image | Photometry -

£

Date
3/20/2002

Photometry wizard
Open image list. ..

Load observations...
Save observations...
Clear observations...

Cirl4l

- Utlites Pages Help Canopus
="
ils =l [ =l

Cri+l [

Ll

2

| Dec

= ||
||

i 2 Bucl~ 1o B RERNENN

o

et - 5 A
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Plot lightcurve

-
PhotoRed ) rIlu‘IPtZi Canopus k

Convert target field import Plot target lightcurve
to standard > with standard
magnitudes magnitudes

e w, \. J

Import
Standard mag standard mag Multiple
*FF2 target field data session Extract
File from from PhotoRed data choose
PhotoRed to MPO Session sessions to
plot
+
B Plot refin_edd ‘ o Print'save
! Estimate target magnitudes est perio | aligned lightcurve

‘Tgl.m m{;agnltudles period with alighed phases estimate? plot
{Julian Day scale) iphase scale)

no

MPO Canopus/PhotoRed Acquistiion and Reduction — Screen Shot Tip Sheet - Basic (Rigorous) Method — Page 28



Dialogueoption; Operateson; Sets Operateson Sets Plots

L oop back (export) standard magnitude datafor [ MPO PHOTORED - Photometric Reductions for Lightcurve Analysis and Research
tar get field back to MPO Canopus. MPO File Image Photometry Plots | Utliies Pages Help Canopus

Canopus v9.2 Reference Guide at 311-312. Make e s e oy
an archival *.FF2 file of standard magnitudes. _?ﬂ EJ ;ﬂﬁ_] _ﬂ] | R Seen

A £ Export to Canopus...
If you have imported/pulled your target data from

- { Clear lists...
MPO Canopus, you can loop back the standard V Date s U=e |
magnitudes of your target asanew sessionin MPO ~ 8/11/2008 &:83... TaUz Image processing
Canopus that contains standard V magnitudes. With 9’:1“?00 g f "?9 i F‘::{UE UserStar management. .,
target brightnessin standard V magnitudes, multiple >/ *“*°%% =:=2-—= T¥F | view LoNEOS ...
sessions across several days can be plotted. S B
Generate batch reference file... i
1) Export standard magnitudes from PhotoRed. S/EL/2006 62551 | THIE pepeserepeem——
p w S5/11/2008 T7-I1l._._ FLT.SE z 5316 America 23:-17:0 23
871172008 7:z11.__. FATSE Z Compl 23:17:0 3
851172008 TI1l. oo FALSE z Comp2 P St A el 1 3
8571172008 T:1l.._. FLLSE Z Comp3 251900 2
9/11/2006 =13 - FAT.SE z Compd 23:17:0
S/ F2008 TokLo_oC FALSE Z Comps E3zETz0
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Operateson Sets

Plots

2) Working in MPO Canopus, import PhotoRed
standard magnitudesinto MPO Canopus.

M PO Reference Manual, v9.2 at 175-177.

In MPO Canopus, plot the lightcurve using
target standard magnitudes imported from
PhotoRed session.

User Guide v9.2 at Lessons 12 through 17.

“Raw” button toggles between reading raw
magnitude data from file or refining an existing plot
in memory. When “raw” is checked, the lightcurve
fragments plot based on the absolute Julian date.

When “raw” is unchecked, the lightcurve plots
based on a computed light curve phase between 0.0
and 1.0 in tenths of a phase.

MPO Canopus ]lesearch Level Astrometry and Photometry (‘Photored - FOE)

Fie Image Photometry Utittes Pages nep PhotoRed

___] "J Reference mags.. _1 w7 =5 =7 vi REfs 00 |5 0,000 (L1004 00 € 0.000 Sessio
- ~Fixed Dat:
i ctiss | WARNING! PROCEED WITH CAUTION!
Load saved session(s)... e
) ! WARNING Open i
- Directimport of Canopus data. . || This feature is to be used on compatible Canopus Look in: | 3 UDATA = i iz o
Clear Session is meant to import that data directly into the main F - T
- — obsemvations files. For example, if you measured /‘ (1516 AMERICA V & SESS.FFD £
2 another computer and want to bring the data into th 77 FRIGGA C 1 SESS.FF2 o
this computer. e 771 LIBERA C 1 SESS.FF2 =
While efforts are made to avoid such, DUPLICATY er
C— — = COULD BE ALLOWED. Do not proceed unless yo —
Select Sessions AND you have make backups of PHSESS and Deskiop o
T T 15 AMERICA C 3 SESSFFZ
2 B Statibate ] Continue with import? 16 AMERICA C 4 SESSFF2 il
[ 6 W 9/11/2006 | - [=fl916 AMERICA STD V1 SESS.FF2
s Ay s, S LEE DI =3 : @ Ha My Documents e _F
Z 16 AMERICA V 2 SESS.FF2
b = i t!:_g 16 AMERICA V 3 SESS.FF2
(] Photometry Sessions Data Wy Computer. | 316 AMERICA V 4 SESG.FF2
= \El216 amERICA v 5 SESS.FF2
Session Data Observations | —
I~ Select by Fite: - #  |Dbiect Date [ Hew ‘ig
£ 4 = = e e i i s ; : - —
L 3 L ‘F\ 5 g" J‘ i e : My Nebwork iz niame: |o16_AMERICA_V_5_SESS FF2 5| Open
| | 1% Edit Places
= = 18| AK Gem 01/0312004 01:33:00 Files of type [~Fr2 | Cancel
" X Cancel 19/ AK Gem 01/05/200¢ 01:33:00 +} Deiete T
SFicoen ‘01’03’200‘ SR BN Tork Makes a new session in MPO Canopus with
\ 21|771 Libera ARSI standard V magnitudes for lightcurve plotting
1 ; | [n oK
: M 22| 916 America 09/11/2006 08:15:00 [+ )

‘Comp Adjust

Mhservation Codes

Select sessions to plot Adjust horizontal

[u] o} TF]

Stait Date |
s Dielts Comp:
B Y1z c _sszagzoos r— 5981 =

8425 &

J23/20 Beplat
\ : E Moy Key=0 01 +Shift=0. 1 +Cil=0.00

Match | 13 - s/23/2008
Cher._:k to s.'elect filter e iSRS
multi-sessions
types Effects
= Select by Filter e hlghl_lg hted
B R wC session
L T = al
0K X Cancel __J;'L_“'gli[

4/4af

I~ Flip'-axis
W Show Emors

Replot button
horizontal

Adjust vertical

Save plot to
an image

Replot button
vertical
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R Dnta Piot o T7 Frigga Phased Data Plothor: T7 Frigss Phased Data Plot for: 77 Frigga
D - 2434002, LT Cosrected] AD}0.01: M54102083708 (LT Correctud| JD40.0): 2854002.993708 (LT Cormectan)
130 941 150 160 570 10 020 030 040 050 08D 070 080

Exampl e screen shots using MPO Canopus

lightcurve plot page to move severa partial -
lightcurves so they form an overlapping major : ‘ ol ik , ;* i L ¢
lightcurve period. - ; ) #ﬂkﬁ'ﬁ A

T00 40 120 130 940 155 160 400 18
Dertved Perioc: 00120008 200100008

T80 200

B60 010 020 0.30 040 050 0.00 5.0 080 659 1.00

Dertved Period: 0120000 #1.0100220

Results

In PhotoRed, usethe Root Mean Square (RMYS)
errorsplotted in the Residuals dialogue to find Pt | Data
the perIOd' 2 I; sz;igﬂﬂ 3?;?638 0_0323937 0.-3?;4070
. . 285 32 4.02500 3_4??55 IJ_GGESD?E 0_-3035152
Uses: “Raw” and refined curve plots, above. Initial | -8 4 5
estlmate Of perlod i 2 4.05200  3.2335& 0.0024630 0.0024704
27 3 406200 3.12140 0.0023732 0_0023803
3 4.07z00 3.22575 0.00245Z5 0.002453%
. H 261 -08Z0 -294Z -00Z504% 0002512
Sets: Refined curve plots. 2 ilosraa  3.sa70f o.cosises  0.o0seces
25 3 4.10200 3.08738 0.0023549 00023820
Theinitial period guess can be based on your o s e aomen
knowl edge gained from imaging the target. For S ——
known comets estimated periods can be found from 22] L i et Bt
the Harvard M I nor Plana Center aﬁerOI d data e e P-elil:ld: - 4.13200 PE: 0.0100
. . I g02 5.0 8.06 59.08 81 312 g1 | Dispersion: 2.85145
archive, from the MPO Bulletin or from journal -
literature. l]r 480x640  TEBN1024  OK | ? Help ‘ 0K 7 Help

Harvard Lightcurve-Asteriod Data Archive

http://cfa
www.harvard.edu/iau/lists/LightcurveDat.html

Itinerate the light curve plots to minimize the
unexplained periodicity in the plot — as
indicated in the Residual s plot window. User
Guide v9.2 at Lesson 16; MPO Canopus
Manual v9.2 at 148; Lightcurves at Chap. 11.

Minor Planet Observer Bulletin
http://www.minorplanetobserver.com/mpb/

NASA-ADS
http://adsabs.harvard.edu/abstract service.html

Here, the initial Residuals plot shows a high
degree of residual unexplained periodicity
(left-side) and estimates the next itineration
period (right-side) based on theinitial guess.
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Plot theinitial period “raw” guess. Theworking  ouss|[ = win| = w9000 s 50200505 | - oo |
examp|e areraw “C” imageS of 77 Frigga Initial steps| 53 Bin| = MawDi| 1 e E;‘fi‘z'j[aum]
“raw” search is based on the following settings - —

(MPO Canopus Manual v9.2 at 148): 'ff:"t;t]

Orders: If morethan 25 points- 4; "sparse o .

coverage" — 2. | useonefor this. 22| \ 1

Min.: Makeinitial guess based on rough plot of ] ’[

magnitudes standard magnitudes in spreadsheet. N ‘

Size: Timein hours between two data points. e

Steps: Number of periods to search across - try 2-:;'

100. | 5 10 12 14 18

Bins: 3for 1..10; number of pOi nts to be binned Save 48040 7EEN1024) | DK | 7 Help ]

Theinitial test — based on a period 8.00 hours
— shows minimum residual error at around 8.5

Period: Auto. hours.

together for computation - | use 1.

Max Diff.: Average time between images — 1.
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Plot therefined data (nOt raW). D,de,sr_‘; Min| &.500000 size| 0.0010000 = Paiiod lizg] | Raw I Orders [_4‘ Min_‘ 3.000000 Sie| 0.0010000 [ o Pariod leg] | Raw ™ |
= = = T Orders PR . " Orders = |
. . .. . Steps| 9% Bin| 1 Max Dif 1 5 Baod (aital | &3 Find Steps| 5 Bin| 1 MaxDit| 1 ¢ Period [auta] | & Fid
The refined search is based on the last itineration S [ € Pomdbu | 2] K= s d-[-”--'_”—l_-
plot and the following plot settings (MPO Canopus ' ¢ | Resuls | Pha
Manual v9.2 at 148-149): | | o [Eei yets
0.00 - ).30
Orders: If morethan 25 points- 4; "sparse
coverage" — 2.
Min.: Makeinitial guess based on rough plot of
magnitudes standard magnitudes in spreadsheet. ;
Size: Set timeto 0.001. ]H‘* ﬁ
, +
Steps: Number of periods to search across - try 99. .* )
89 891 562 £93 204 BOT 895 897 508 895 O 9 901 902 903 904 205 206 907 508 9.09 3 ,&%’
Bins: 3for 1..10; number of points to be binned ' : - : : -
’ . Save & 480640 © 7ES1024 2 Hel Save | & 4304640 ( 7EBx1024| |7 DK | ? Help
together for computation - | use 1. _seve || w0  gemiwen [ ok | 2 e | |
Max Diff.: Averagetime between images — 1. A period of 8.9 hoursis tested and the Theresiduals for aperiod of 9.0 hours
_ residuals decreases toward 9.0 hours. increase away from about 9.0 hours. The true
Period: Auto or Regular. period is between these values.
Narrow in on aminimized residual period. ides| 10 Min| 2-102000 S| a-0030000 [ oy | Raw I o e = SRS
Steps| 9% Bin |_1 W Diff 1 | ‘; E;‘:is[augt9] . & stps| 5= gn[ = wmow[ @ & Pamd[auly . :
After afew more refined search period guesses, a =~ = . o] D(0.0) 2451430519889 (L1 Corrected)
minimum residual curveis plotted. Becausethe ] | ~ [D(0.0):: e 2 OT
working example was from rough “C” filter images, = -« 30 o)
. . . . . 31 s
some residual periodicity remains (left-hand screen 305 R
ShOt) . 5 9: b +++ ++ 3
as o & +
The right-hand screen shot istheresidualscurvefor | = ] B +
thefinal 771 Liberaasteroid data from the MPO 2 s s e | * "
Canopus distribution disk and User Guide example. 26 ‘
Because the image and data extraction is high =

quality, amost all the periodicity is removed from
the Residuals plot. Theresidual error islinear.

911 912 813 914 915 916 917 918 918 92

i“ & 4804640 O 733x1024' ? Help

$ 4
L
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Dialogueoption; Operateson; Sets Operateson Sets Plots

Acquire more images until lightcurve phase is filled-out

(I'_
MPO Canopus k

+ End

Acquire field images

Plot target lightcurve Entire

i T%gﬁ:parisons 2 with standard +<_lightcurve phase
2 x :
- Object magnitudes gtained ¥ Gather more lightcurve

| phase data to fill-out
L8 _) I the curve’'s
entire phase

Find next

rtunity t
Print’save Get Julian Date IurrI:aIa];e lrlnrll:g:ng
aligned Iligthtt:uwe ;[:l?:jaséu[zlﬁ:ltg:ii / \dentify of mlz:“mtum » phase segment
plo . missing P with
phase portions time-of-minimum
calculator

b
o start — acquire
more images
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Dialogueoption; Operateson; Sets

In MPO Canopus, if you have not captured
images and extracted data, you will need to gather
mor e lightcur ve phase data to fill-out the curve's
entire phase

In the left-hand illustration, no phase data has been
collected for asteroid 77 Frigga between phase 0.75
and 0.95.

Find the next imaging opportunity to capturethe
missing portion of the phase using the “ Time-to-
Minimum Calculator” (right-hand figure). The
“Time-of-Minimum Calculator” feature button isin
the lower-right hand corner of the Lightcurve
plotting window.

Get Julian Date of minimum point.

For the Time-of-Minimum Calcu ator to work, it
needsthe Julian Date- Timeof aminimum pointonthe
lightcurve Clicking on apoint displaysthe Julian
Date Timeof the point (fromanimage in thelower-
left-hand statusbar of the Lightcurveplotting window.

Operateson Sets Plots
Phased Data Plot for: 77 Frigga * -
JD{0.0): 2454002.003708 (LT Corrected) B
0.00 0.10 020 0.30 040 0.50 0.60 0.0 0.B0 0.90 1.00 %
T T T T T T T T T T T + 13 - 0| +j-
i '
ais Lass *ﬁ ; *
¥
A~
0.05 b4 +!__|Hfr q.g‘ta 0.05 Hw -|$
e i |
4. THg ! "+ 4 *1"
0.00 Tt % ¥ 0.00
‘HI'T Il Il Il Il Il Il
e 050 060 070 080 080 1.00
0.05 Lo :-’i’ 0.05 :9.010200h $0.002001h
e | 0.000000 + 0.000000d =4 3 Time of Minimum Calculator
0.10 0.10

0.00 040 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Derived Period: 9.012000h $0.010022h

&7t + TR T ""*;’F
0.00} ﬁu‘”‘ R A e # *
. "H'ﬁq.g.cin +'§".§.
¥ @
0.05+ + +‘
Clicking on the Eﬁ m
minimum point + [
displays its Julian
0.10- Date-Time
] | | /I ] ] ] |
0.00 0.10 0.30 0.40 0.50 0.60 0.70
Derived Period: 9.102000h *0.001000h
Points: 173 e T
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Dialogueoption; Operateson; Sets Operateson Sets Plots

Find next opportunity to image the missing "Time po e e o M Ctoatar

lightcurve phase segment with time-to-minimum :

calculator. Step size 0_1000 Lse Computed Date [

The Time-of-Minimum calculator works by Steps | 3 e
examining the curve of points around the Julian Midpcint 40 | 2452005 7251] E‘Jear [117 8/2006 =]

Date-Time of the minimum point. MPO Canopus _ -

Manual v9.2 at 165-168. o 0K x S ] Feriod 3.10200000 [ Hours

mid-point JD: Enter the minimum JD date-time

.(Steps 83 0¥ Ahead] " Back  Bath

found above. After pressing Okay, the Time-of-Minimum
. L ) ) Ephemeris dialogue displays. Plot an imaging 114 7/2006 19:47:25 0.00 |
Step size: Isthe binning time frame around which  phase opportunity using these settings: T ot S Sed =
the algorithm searches. Generally, use 0.1 for one- i S IR
tenth of the phase curve. Near: The date of your planned observation. 11/ 7/2006 20-09:16 0.04
11/ T7/2006 Z20:14:-44 0.0%5
Steps: The number of steps used by the algorithm —  Period: The light curve plotted period. ks Gedre: ha7
3. Steps: Use 99. Ahead: Checked. 13/ 772006 20.36:34 0.0 ™
Phase: Checked.

i Ephemeti( (v F'hase] |

The report window now estimates the
lightcurve' s phase (right-hand column) at
various date-times after the “Near” date.

END OF PROCESS
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Misc notes on other itemsin M PO Canopus/PhotoRed

Reductions Table B,V,R,l standard magnitudes:
Normally, the “Basic rigorous method” does not
change the 99.99 B,V ,R, | valuesin the PhotoRed
Reductions window or Reductions table.

In the Reductions table, the right-hand B,V,R||
standard magnitude columns are not changed.

In the Reductions table, theright-hand B,V,RI
standard magnitude columns are changed by the
“Quick mags’ reference field measurement routine.

The“Quick mags’ method, which is used to reduce
AAV SO long-period variable measurements to
standard magnitudes, is not covered here.

Misc. Binzel method coefficients: On the
Reductions dialogue, Ext/Simp. Tab, theright-
hand “Simple” or “Binzel” method will change two
fields: Target Cl and Comp ClI.

These fields appear to be estimated and are hand-
entered.

The Binzel method of reducing observations to
standard magnitudes is not covered here.

Prepared: K. Fisher fisherka@csolutions.net

se | CGrp|Hame |Bn | Dec | aM. |Band|I M: |[swE |B k] = | T
TREUE & . Compl 01:51:1... +39:25:. 1.007  C =10... 432 95.950 95.930 39.9%0 55.330
TEUE &.. CompZ 01-51:1. .. +39:25-. 1.007  © -10... 510 99.9830 95.930 39.9%0 $9 330
THUZ  %.. Comp3 01:51:1... +39:25:. 1.007 C -10... 290 99.990 59%.350 93.930 53.590
TREUE &.. Compd 01:51:1... +39:25:. 1.007 © -10... 427 99.350 95.530 §9.550 59.350
TEUE #.. Target 01-81:1... +35:25-_ 1.007  ©  -10... 333  9£9.9%50 95930 39 530 5% 350
~iWexe - W caS 0045
2 TRUE 0Z:57:0... (+60:4%... 172372 1.080: W -7.615 9% 13,759 12.991 12.510:
2 ¢ TRUE 02:57:0... i+80:43__. 172372 1.080: W -7.€85 ¢ 100 413.759°12.991 12.510-
2 | TRUE 02:57:0... +&0:43... 12372 1098 W -8.525% 188 13.753 12.551 12.510
2 | TRBUE 02:57:0... [+&60:43... 1/23/2 1.079 & -8.527 | 170 13.759 12.9%1 12Z.510
Z2 | TRUE 02:57:0.._ i+60:43. .. 12372 LA G -2.854 | 189 13.759:12.991 12 510
2 . TRUE 02:57:0. +80:43... 1723/2 Lol 6 -g8.828 186 13.753 12.9391 12.510.

B Reduction Values

-

T Simple -

Ext.:"Simp] Transfarms ] Color Index ] Std b ags ] Buickhd

<T arget-Comp> .0

ags ]

<Target Inst> F‘;D it Bl

Target Anchor | 11.425

Standard

Target Cl
Comp Cl

— First Order —  2nd Order

B|lWanaed || B| o.000

¥| 0.3z | W

Rl 2.z02 || R

b o.c00 ||

(£ o.00s [fE] o.000

o e | [ oo | g |
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