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Introduction

In July 2019, as part of the Destiny+ plan by JAXA and Chiba Institute of Technology, there was a campaign to
observe stellar eclipse by 3200 Phaethon, and JOIN also called for cooperation.

The expected size of Phaethon was about 5 km, the maximum extinction time was 0.5 seconds, and the target star
was so faint as 11.2 mag, so the condition seemed to be much worse than the conventional asteroid occultation
observation target.

Until then, when observing the 11th magnitude star class, the exposure time was 0.12 to 0.24 seconds with an analog
CCD camera, so if the dimming time is 0.5 seconds, only 2 to 4 frames can be taken, and it is necessary to specify
the time. Was expected to be tough.

In order to increase the temporal resolution, it was necessary to use a high-sensitivity camera for short-time exposure
and shooting at a high frame rate, so we decided to consider using a CMOS camera for planetary shooting.

The CMOS camera for planetary photography is supposed to be captured using a PC, and the time stamp is a
method of recording the system time of the PC in a frame by software.

Since the system time of the PC is not accurate, it is necessary to correct the time using GPS outdoors.

Recently, a cheap GPS module that can be connected via USB and free software that uses it to correct the time on
the PC have appeared, and by combining these, the time on the PC can be adjusted within +/- 0.3 seconds relative to
UTC.

However, not only the time correction of the PC, but the time to receive the data from the CMOS camera and give the
time changes depending on the capture size and the number of bits, so it is not possible to record the exact time.
Before the analog time inserter was introduced, in order to correctly record and correct the shooting time, the GPS
PPS signal was emitted by the LED or the PPS beep sound was emitted, and it was shot and recorded before and
after shooting.

The method of simultaneously recording the beep sound is recorded on a different audio track from the photometric
image, so it can be recorded and corrected even during photometry, but it is necessary to have software that
confirms the image and audio track at the same time. But, It is difficult to accurately obtain the rise time.

On the other hand, since LED firing can be handled with the same software as photometry, it can be corrected
accurately, but it was not possible to optically record the LED firing at the same time as the target star during
observation.

A method using OAG (Off-Axis Guider) was proposed in the material presented by Aart Olsen at the 2017 IOTA
Annual Meeting, but no concrete one was found.

This time, using this as a hint, we investigate the projection of PPS-LED firing onto a CMOS chip using OAG, and
report practical results.

In addition, | will introduce the new version that Limovie author Kazuhisa Miyashita added the function to correct the
dimming time by using the PPS-LED firing to accurately record the time stamp that was recorded in UTC.
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USB GPS module for PC time correction

For identification of observation location and PC time correction within UTC +/- 0.3 seconds by USB GPS
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GPS module for PPS LED firing
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PPS projection unit

A method in which the prism of the ZWO OAG is inverted and the light of the PPS-emitting
LED is projected onto the camera.

=>No expensive parts other than OAG are required. Only plastic plate to fix LED is required.
The point is to place the LED at a position about 4mm off the center of the hole.

=>At this position, good band-like light is obtained at the edge of the image.




PPS projection unit

Structure of PPS projection unit
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The shape of the projected light depending on the position of the LED
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PPS projection unit

-PPS emission is projected on the right end in a band shape without affecting the observation
=> Time correction during observation is possible.

== Light Measurement tool for Occultation bservation using Video Recorder [Limovie 0.9.99.44A]
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GPS-PC time correction software example and SharpCap settings

GPS-PC time correction software SharpCap Setting

© SharpCap (v3.2.6477, 64 bit) - ZWO ASI290MM (via USB3) - C:¥Users¥rockh¥Desktop¥SharpCap Captures¥2021-02-14¥Capture¥16_53_49.avi - C:¥Users¥rockh¥Desktop¥.. — O X
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SharpCap time stamp and time correction image by Limovie
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Limovie0.9.99.5A5b
Asteroid occultation analysis procedure
(Including PPS flash correction )

Feb 14, 2021
Rev. 02

http://astro-limovie.info/limovie/program/limovie09995A5b.zip
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Points to consider when shooting 14

1. For PPS flash, shoot before and after shooting in the same file with the same exposure time
as shooting.However, Gain can be changed.

2. Select the exposure time from the table below and use it to correct the PPS LED flash.
Table: Relationship between shooting exposure time (msec) and slope of Sharp Cap Timing Analysis (P.19) graph

http://astro-limovie.info/limovie/program/CaSEDLEP101.zip

Shift Aplox

rame on Frame Shift 1PPS LED straight
Rate S UTC Exp Cap Time line's
int) (msec) (%) (sec) incline
196 0 g 25 A\
164 0 il 31 !
145 1 il 28 !
T 1 g 26 !
74 -1 il 27 M
71 1 g 256 !
70 1 7 29 !
65 1 3] 31 !
48 -2 g 25 )
29 -2 T 29 A\
25 2 7 30 !
25 -3 4] 32 )
24 3 g 25 !
23 3 3] 31 !
22 -3 g 27 M
22 3 il 28 !
21 4 g 25 !
20 4 g 25 !
18 4 g 25 !
17 -4 B 31 A\
17 5 g 25 !
16 -5 5] 26 )
16 5 g 25 !
15 5 T 27 !
14 -5 3] 31 A\
14 5 il 28 !
13 -6 T 28 3
13 5 3] 32 !
12 -5 g 25 !
12 B T 30 !
11 -7 7 27 A\
11 il il 28 !
10 -7 il 28 A\
9 g 7 27 !
g -8 3] 25 A\
g g ] 28 !
T g B 31 !
3] -10 3] 27 A\
5 -15 g 20 !
5 10 5 30 !
4 16 7 22 A\
4 12 5 29 !
3 19 4] 22 A\
3 14 4 31 !
2 -20 4 30 A\
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Light Measurement tool for Occultation Observation using Video Recorder [Limovie 0.9.99.5A(Aqua)-5b] - O X
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== Light Measurement tool for Occultation Observation using Video Recorder [Limovie 0.9.99.5A(Aqua)-5b]

File Edit
1 1 1

Current Frame
0

Brightness

BKG/Frame 1

Star

Frame |-29.0

Color Value

The exposure time is
displayed when the
Mouse Ccursor is
moved to this area

Exposure length :

— x

Limovie File Format (for Wer_0.9.39.5 lat
friteto-- = Co¥lsers¥rockh¥Desktop¥Sharpl

Automaticaly detectioniPOSILIONNN 1, - t¥08 « T tes 0 o

Centre of", "End of",,,, Resul

B A N - 712 Franes Franel, ;. Soun
line as the target star

a1, "Signal2", "H", "M","8",,,,

When you read the
SharpCap AVI file, the
frame rate value is
calculated and the time
stamp field is
automatically set for
SharpCap.

< >

Asteroid timing guide | Opekation Guide‘

Opened observation

SharpCap Timing Analysis ‘ More |

End Time of Field Exposure [Field1=Centre\of Frarme]
m s[Fieldl] [Feld2] Threshold €1 52

T oot [0 Sjfomen <]

|C: ¥lUsers¥rockh¥Deskt op¥SharpCap Y/pt ures¥20;

1Frame‘ DELI ST.&HT| STDF‘l DataRemove

SaveT oCSV-File [ Capture

Form of BEKG-Area MNumber of Pixels / Badius

Linked Tracking
Backgound

Center Tracking | | [~

_]Frarne1 iFrarne2

" Avoid Sunlit Face
& Meteor/Lunar Limb

Point _IJJ_[ ¥ Photometry

Passed Pont [Frame.)

Even
Odd

Direction Setting ‘

S TR .
DpenA\-"lE} E =it E]
£ il Copy CS\X

Star Image [3D] | Update S ttingltem3|
Measurement / View Option
Odd Show Field | :_jlnterval
el 1 10.070323:

[ =

Radius Threshold |Framel  |Frame:
| =
[5_u 90 = Set

Outer

E first
| FER R | | o [[x e

0 ar

IV Fixed © TIVi

Field Order Current Object




17

2. Select the tracking star

1. Select the target star

3. Select 'Asteroidal
occultation <use tracking
star>'
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State of photometry

== Light Measurement tool for Occultation Observation using Video Recorder [Limovie 0.9.99.5A(Aqua)-5b] {=
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After photometry
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Wing guide , Operation Guide‘
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L1 [ 4 | -10sec| -1sec| -1Fr| M | l 1Fr+ | 1sec+ 10sec+ 1Frama’ DEL’ ST.&HT| STDF’l DataHemove‘ SaVETOCSVFIEI Cephan|) Hosn &t Copy CSV Bt ﬂ
Brightness Fosition Linked Tracking PSF Form of BKG-Area MNurnber of Pixels / Radius .
BKG/Frame [ | o Center Tracking || [ Link  Passed-|Fame1[Frame2 || & Tracking (* Standard ADE”U'T BGTKQDUHC‘ Star Image [30] | UpdatESEtt'"gltemS‘
=47 47 : 2 d : Even Measurement / View Option
Star & Point  Set| Cli| Set| Clr| | [v Photometry " Awoid Sunlit Face p
Even r=I110 108 S 3ol O ¢ Meteor/Lunar Limb || 09 Show Field | . [renval FI detiall
dd ’— FWHM Boskion Get ital Tracking Passzed Paint [Frame. ) — : Frame r _J 10.070323
& Star * Anchor | Direction Setting | I -
Frame |451.0 Eo0 || & Sionall || € Dt Radus Theshold Framel [JiFreme2 [IESon B i Radus  Inner Outer | | Field Order Cunent Object
Color Val : - Signalz (" OFF = | _] = = - "‘_A Ewven first Graoh
dorvae || = et | cosy P2 B seci]ser = A O B 5B 73| & odams | PN |LA il_l



SharpCap Timing Analysis initial screen 20

%8 Time correction using 1PPS LED — O >

Recorded and corrected time of each frame.

|Difset |Edit28 [Edit30
9. Apply to photometnc analysis
. . Case A: Single point caliblation
1. Verify the SharpCap time stamp (1) Click "Apply to Analysis” button.
[2) Close this windows. Check analyzed time.
Case B: Multiple point caliblation
If you've anlyzed accurate time head of video now..
[1] Click "Add" button => memory analyzed time.
[2) Do Photometry for 1PPS LED pulse
:I on the end of video stream.
| | 99.30x10=9930 3 (3) Open this window and analyze time.
Recorded time del 0.0069¢ Seconds.from 1PPS signal on every frames. I (4] Click "Add" button => memory analyzed time.
5. Click above graph at a Magenta dot near front the end point of decrease. —Scale— [5] Click "Applhy to Analvsis" button.
1. Verification of the time PC recorded. | selected frame: No. I—H— Frame of PP3 rising.: No. I_ I_ B [6] Close this windows. Check analyzed time.
;’ é:e and L;::': dII_JEU[\)rEBu'm:th" 6. Spread area of Blue dots for fitting to lin 4 I 3 |[| ||]_ 4 I pl _I Memory
' ange gr. 0 rightness ]
{* Variation of Becorded Time on Fram| | 7. Fit to line. and obtain the calibrate Time from the brightness of LED"s |'|".'|| J_]
" LED Bright
- "_q r_msg - . 8. Check result
4. Polynomial fin 'glmgigge:?cﬂuﬂ Mean recorded time delaysl seconds from most probable time
ol BKGIE ~| fitourve |8_ _-| | result of regression analysis of 1PPS LED. Estimated Error is I— seconds Deletel Add I Apply to Analysis I
BKG /Frame r ‘ ;(:i:}gier Tr:;khgf‘ ,E 'L},'k"p;mlemmﬂ]meez IT™ Tracking | | @ Standad iélEéEu'rila"' 'E'a'?'kéa?&' Starlmage [3D] | L_Ipdale Setting Items |
Star _ [T Rotate Point Set [v Photometry | Avoid Sunlit Face ven ~Measurement / View Option Ii
[— , ) q tar Trac as% int [Frame. Frame Aoz, I Ii "
2 FWHM ?‘PSEE‘: SEt (e Anchor I_ Estimated track - Direction Seltlhg | Set radiuz to recorded I I_ il ;J‘l 10.070323
Frame |451.0 Foo | & Swnal C Diit  Radius Thieshold [Framel  [Frame2 || = Radus Inmor Duter | [ Field Order Current Object
" Signal2 | " OFF - = : = " Even first I | l
S | |_F|:-¢ed c e oy P B sel o] se o |__| [__I [__II__I[__I @ ol | o |1A B




8 Time correction using 1PPS LED — O >

014 3316.2703283 ~
114 33 16.3696297

: " : 2143916.4689312
2. There are some delays in writing the time stamp, 314 39 16.5682327

but it is confirmed that there is no major abnormality. e

0
8 614 39 16.8661370
6 714 39 16.9654385
814 3917.0647400
4 9143917.1640414
9 1014 33172633429
. 11 14 39 17.3626444
0 1214 39174619458
-3 1314 39175612473
14 14 39 17 6605487

- \Offset |Edit28 |Edit3n

=10 9. Apply to photometric analysis

Case A: Single point caliblation
(1] Click, "&pply to Analysis" button.
(2] Close this windows. Check analyzed time.

3. Press LED Brightness to change the display Caze B: Multiple point caliblation

| l I l : | | If you've anlyzed accurate time head of video now..

| H " ' '
(11 Click "Add" button =» memary analvzed time.
[: 50 100 200 250 300 350 400 450 500 650 (2] Do Photometry for 1PPS LED pulse

on the end of video stream.

£ Seconds from 1PPS signal on every I‘IU frames. | 98.30x10=983.0 L—I —'I Az i e e s e

(4] Click. "Add" button => memory analyzed time.

Recorded time — Least mean time {msec)

Recorded time delays

5. Click above graph at a Magenta dot near front the end point of decrease. —Scale 5] Click "“Apply to Analysis" buttor. _

R selected frame: No. I_H_ Frame of PPS rising.: No. Ii I_ o [E) Close this windows. Check analvzed time.
2. See an eck above g_'ali‘" b. Spread area of Blue dots for fitting to lin 4 | 3 I|j |[| 4 | P | _I Memory

3 Changeé graph to LED Brightness

{+ Jariation of Recorded Time on Fram | 7. Fil to line. and oblain the calibrate Time from the brightness of LED's |'|".-| l]ﬂ

LED Brnightness
4. Polynomial fit for BKG. [if necessary)

8. Check result
Mean recorded time delaysl seconds from most probable ime

_J Degree of |

Renge for BKGI fit curve I _«| | result of regression analysis of 1PPS LED. Estimated Error isl seconds Deletel Add | Apply to Analysis J

e T o Tkt | ok gl Fone | |5 ok || Soa | i G5 | __ Sl | Upil St
= |47 47 ooy vEen Measurement / View Option

St I = Point Set Set [v Photometr " Avoid Sunlit Face P

E:’E"I T=1110 108 | —I—J—]—I v |  Meteor/Lunar Limb || 0dd | Show Field | Interval Fra?nsehFTawle

0dd l— PuHM Position Set: Star Tracking - . Passed Point (Frame. ) — . Frame | ull b :i 10070323

= Star @ Anchor I Estmatedtack — Direction Setting =TS corded | | '
Frame |451.0 5.00 " Signall || € Diift  Radius Threshold Framel |FrameZ Width Gap Radius Inner  Duter

- o I;_l_ell:l Order Current Object
" Signal2 OFF - | [ - Ewen first
Color Value |7 Fid | ~ T |  cov |3_;| IEZI G ot | C ot | I__l [__I [__l [__] [__l £ 0dd fist Graph l—ilJ
= = TU




& Time correction using 1PPS LED

200 |

100

L=}
L

&

o *

4-1. Find the point where the center is magenta and
heads to the lower line, and click the point before the

-

bottom line to join

different)

o
o L

Please refer to P.14.

Recorded time delays  |-0.0069¢ Seconds from 1PPS signal on every I'IU iy

1. Verification of the time PC recorded. |

2. See and check above graph..

3 Change graph to LED Brnghtness
. Vallatlon of Flecon:led Time on Fram

D Brightn
4 Pnlynnmlal fit lnr BEG. [if necessal_p]

D of
Range for EIKGIE;I fﬁgcﬁlife IB_;I
Tt - |1 P
lBKEJFramel X=[47 -
StE[\'en[ =110 [108
Odd FifH llf‘_-.:'sisticun Set
* Star
Frame (451.0 W  Signall
Color Value | : " Signal2
WV Figed € TIi

5. Click above graph at a Magenta d
. No. |EE

6. Spread area of Blue dots for fitting to lin 4 | p | 2

o

interpolation

selected frame: No

ames.

-
o

" (Note that the magenta point with a white center is

. It may rise to the right depending on the exposure time.

L

014 3316.2703233
114 39 16,3696297
2143316.4689312
314 39165682327
414 39166675341
514 39 16.7668356
614 39168661370
71439 16.9654385
814 39317.0647400
914 33171640414
1014 3917.2633429
1114 3917 3626444
1214 3917 4619458
1314 39175612473
1414 3917 6B05487

|Dffset

4-2. Add the fitting points before and éfter for linear

TT] I'm'mﬂﬂﬂﬂﬂ 1T 171

3]
|—_|

. Fit to line, and }blam the calibrate Time from the brightness of LED"s PPSl JJ

8. Check result
Mean recarded 5. Perform linear interpolation using the

result of regress selected pointS

Center Tracking|| [ Link Passed.|Fame1]Frame2 || & Tracking
m

Paint EI%EI&I Iv Photometry

Star Tracking

& Anchor |

 Diift
 OFF
C Csv

Radius Threshold

Passed Pont [Frame. )

) ’m Framez2
|3—j| Eil C ol

[Edit2s

|Edit30

“ply to photometric analysis

A: Single point caliblation
lick “Apply to Analysis™ button.
_ lose this windows. Check analyzed time.

Case B: Multiple point caliblation
If you've anlyzed accurate time head of video now..
[1] Click "Add" button => memory analyzed time.
[2] Do Photometry for 1PPS LED pulse
on the end of video stream.
[3) Open this window and analyze time.
[4] Click “Add" button => memaory analyzed time.
|5] Click "&pply to Analysis” button.
[6] Close this windows. Check analyzed time.

<] | Memory
s Delete| Add Apply to Analysis |
1@ Standard || Aerture”Backgound | Starlmage [30] | Update Seting ltems ||
¢ Avoid Sunfit Face || Even | | Measurement / View Option
 Meteor/Lunar Limb || 0dd | ShowField | _ Interval FI a?ﬂi";:;ﬁ ‘-[‘l
Frame | ’7 :
Direction Setting | | |1IJ.IJ?0323. £33 o
Width_l Gap N HadEl IrmiI I]ut-e:r_I ';.'F"éu'd“-'f' t Current Object
- - - - - YEen s G h
IE_;l [U_LI [S_LIIE_Q rﬁ;I " Odd first o

e e
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%8 Time correction using 1PPS LED

O

>

Frm. Frame End

Recorded PC Time,, Obtained UTC from LED Si
..Frame Center,, Frame End.

Mo. HHMM.55.5555555 HH .MM, 55.5555 HH |
0.,14,39,16.2703283,14,39,16.2162,14,39,16. 26¢
1,14,39,16.3696297,14,39,16.3155,14,39,16.36¢
2,14,33,16.4689312,14,39,16.4148,14,33,16.46¢
3,14,39,16.5682327,14,39,16.5141,14,39,16.56:
4,14,39,16.6675341,14,39,16.6134,14,39,16.66:
5.,14,33,16.7668356,14,39,16.7127 14, 33,16.76%
b.14.339.16.8661370.14,39,16.8120.14,35,16.861
7.14,39,16.9654385,14,39,16.9113,14,39,16.967
8,14.39.17.0647400,14,39.17.0106,14,39,17.06(
914,39.17.1640414,14,39,17.1099,14,39,17.15¢

0.14,39,17 2633429,14,39,17.2092,14,39.17.25
1,14,3917.3626444,14,33,17.3085,14,33,17.35

>

2OD — o i - o . L] . . o . . . L] .
t B o o :c o ¥
0._. * - . : . ¢ * 1
. : ° : : !
IUD —O .b ) . ™ ] ™ . - . . <
Y . / Frame of PPS emission start (= X.000 seconds) 0.
C
0 C
81626364 EGEBETERE 1LT 1121 E1A1E1E1 F1E1 €202 DIDEDEIEDEDCACS B3 C3ABERED TBETCACA 124 4 MESEA T4 E4 (55 165 5 BESEG T5E508

Recorded time delays |-U.UUEQE Seconds. from 1PPS signal on every I“U frames. |99_3IJxII]='EIQ3_I] '——l

1. Verification of the time PC recorded. | 3. Click a;?;?eg';::'e.a'::

Magenta dot near front the end poi... «. e,
I Frame of PPS rising.: Mo. |BB
6. Spread area of Blue dots for fitting to lin 4 | I I_ 4 | » |

¢ Fit to line. and obtain the calibrate Time from the brightness of LED's PPSi
8. Check result

2. See and check above graph..

3 Change graph to LED Brightness
" Wariation of Recorded Time on Fram
¢ LED Brightness

0044895msec [Ofs-4 368517¢ |Edit30

—9. Apply to photomelric analysis

ase A: Single point caliblation
(1) Click "Apply to Analysis™ button.
[2) Close this windows. Check analyzed time.

ase B: Multiple point caliblation

If you've anlyzed accurate time head of video now..
[1] Click "Add" button => memory analyzed time.

[2) Do Photometry for 1PPS LED pulse

_on the end 0[ video stream .

T

6. Add the obtalned value and record |t in Memory

[4. Polynomial fit 'zlﬂﬁiég':cﬂﬁglll Mean recorded time delaysl'"-“"“aﬂ5 seconds from most probable time .

bl EW\GIE _~| fitcurve |8_ _+| | | result of regression analpsis PPS LED. Estimated Error is |l] 000013290 seconds Deletel Add | Apply to Analysis |

B---;------ TR e ——C o o THE - a1 T v e e ] Apetture Backaound ] Star Image [3D] | Update Setting ltems |

¢ Average time stamp delay for measured PPS emission (UTC)  dSunitFace | Even || Msasussmsnt /View Optor— 7 =50 oo

o . | 7 ouor/Lunar Limb || 0dd | [ ShowField | Interval | Sttt

odd[ | -FWHM—Position Set Star Tracki _ —Passed Point (Frame.] 1 — - Frame| [ I Field Measuie 1 10070323

s Star ¢ Anchor [ Estmatedtack — Dllectlnn‘ieltlng | us to recorded | = | g :

Frame |451.0 [— ¢ Signalt || C Diit  Radius Thieshold [Framel  [Frame2 || e | Field Order Current Object |

Color Val ’ " Signalz || ¢ OFF = | (" - - | | | | -] " Ewen first Graoh
or Value I_Fn-:ed T ~ Cov |3_L| IEI] et |.w.t ( | |_ [_ IS_LIIS_;I[F;I S 1ap iT Bl | l

oo
5
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%8 Time correction using 1PPS LED

200

100

O

>

Recorded PC Time,,
Fim. Frame End . Frame Center,, Frame End,
Mo. HH.MM, 555555555 HH MM,55.5555 HH |

0.14,39,16.2703283.14,39,16.2162,14,39,16.26F
1,14,39.16.3696297,14,39,16.3155,14,39,16.36¢F
2,14,3916.4689312,14,39,16.4148,14 391646
3,14,39,16.5682327,14,39,16.5141,14,39,16.562
4.14,39,16.6675341,14,39,16.6134,14,39,16.66
5.14,39.16.7668356,14,39.16.7127.14,39.16.76:
6.14,39.16.8661370,14,39,16.8120,14,39,16.861
7.14,39,16.9654385,14,39,16.9113,14,39,16.961
9.14,39.17.0647400,14,39,17.0106,14,39,17.06(
9.14,359.17.1640414,14,39.17.1099,14,3917.15¢
10,14,39,17.2633429,14,39,17.2092,14,39,17.25

<
[-0.0044885msec |Ofs-4368517¢ [Edit30

>

9. Apply to photometnc analysis

Case A: Single point caliblation
(1) Click "Apply to Analysis™ button.
[2) Close this windows. Check analyzed time.

Case B: Multiple point caliblation

| l | | ITTTTTTTTTTTTT | [1T]
FERCALA A4 M EAE T A B 1525 5 40ERER T
Recorded time delays |-U.UUEQE Seconds. from 1PPS signal on every W frames. I 99.30x10=993.0 '——l

1. Verification of the time PC recorded. | 3. Click a;?;?egll?:r:e'alz: =

b. Spread area of Blue dots for fitting to lin 4 I > I4_|2_ 4 | » |

2. See and check above graph..

3 Change graph to LED Brightness
" Variation of Recorded Time on Fram

Magenta dot near front the end point ol decrease. 5cale
I Frame of PPS rising.: Mo. |BB

7_ Fit to line, and obtain the calibrate Time from the brightness of LED's PPS _]_]

[T

5508 (11 Click "“&dd" button => memary analyzed time.

[2) Do Photometry for 1PPS LED pulse

Recorded time correction data

|51 Lhick “Applv to Analysis™ button.
I_ _| [6) C this windows. Check analyzed time.

ime.
nalyzed time.

If you've anlyzed accurate time head of video now..

Obtained UTC from LED Si A

11,14,39,17.3626444,14,39,17.3085,14,39,17.35

_| Memory

¢ LED Brightness

1 00088 14:39:25.00436

= 8. Check result
[4. Polynomial fit Zﬂﬁg[:;';?c“ﬁgll Mean recorded time delaysl'"-“"“aﬂ5 seconds from most probable time
Range fr BKG[2.6 271 it curve |_ _~| | result of regression analysis of 1PPS LED. Estimated Error is |U.D[I]l]'l 3290 seconds | Delete| [\ "Add |  Apply to Analysis |
S| | o 591 e e | 7 Tk, || S || A Sl | Sl 01| Ut e
=47 ?_ Il rotate Even ~Measurement / View Option
Fotate Point Set| Cifl Set| Ci|| | W Photomet " Avoid Suniit F p
e vl [os ont_ Sel Ol Sel G| | 7 Photomety | |7 Aved SunkFace || OAF [— —— | [ o Field | Interval Fh;i”‘:;e
0dd I— —FWHM— Pnsitimﬁet Star Tracki i Pazzed Point [Frame. ) — - Frame | [ I Field Measure j|1 10070323
& Stag & Anchor I Estimated track — — DuectlnnSeltlng | Set radius to recorded | hd | : i
Frame 451.0 Foo | & Swnal C Diit  Radius Thieshold [Framel  [Frame2 || = Radus Irner Duter | [ Field Order Curent Object
" Signal2 | € OFF =] . : - " Ewen first
Coorvake ||| = el © T | cov P 2] B setl o] set oo |_—| [_—I [_—Il__| 7] | & cuane | o (& 2] c]
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&8 Time correction using 1PPS LED

200 |- L

100 | .o

™ @ % o

T T,

Recorded time delays |-U.UUESE Seconds from 1PPS signal on every I‘IEI frames. | 9930 10=993.0 ‘—I

1. Verification of the time PC recorded. |

2. See and check above graph..

3 Change graph to LED Brnightness
" Wariation of Recorded Time on Fram
* LED Brightness

selected frame: No.

5. Chick above graph at a Magenta dot near front the end point of decrease. 5
|5l]l

Frame of PPS rising.: Mo. |521
b. Spread area of Blue dots for fitting to lin 4 | » I.? |2_ 4 | » |

f. Fit to line, and obtain the calibrate Time from the brightness of LED's PPSl ll L]

FS If there is a group of similar points
several times in the same video file,

11111 move and repeat P.22-23 to add to
111218115 1617 819101 11215141E1617161 202 2222 0L 23 BASBEBHBEIAU WA WHEHHEB BBSEEGESE \emory.

a X

JFRecorded PC Time.,,Obtained UTC from LED Si A

Fren. Frame End . Frame Center,,,Frame End,

Mo, HH MM, S5 .S555555 HH MM, 55,5555 HH |
0,14,39,16.2703283,14,39,16.2164,14,39,16. 26¢
1.14,33,16.3696297.14,39,16.3157.14,39,16.36¢
2.14,3316.4683312,14,33,16.4150,14,33,16.46¢
3,14,33,16.56682327.14,33,16.5143,14,39,16.56:
4,14,39,16.6675341,14,39,16.6136,14,39,16.66:
5.14,39,16.7668356.14,39,16.7129.14,39,16.762
6,14,25,16.8661370,14,33,16.8122,14,39,16.861
7.14,35,16.9654385,14,39,16.9115,14,39,16.961
8,14,39,17.0647400,14,39,17.0108,14,39,17.06(
9,14,39.17.1640414.14,3917.1101,14,39.17.15¢
10,14,39,17. 2633429,14,39,17.2094,14,33,17 25

11.14.39.17.3626444,14,39.17.30687.14,39.17.35 -

< >

[-u_m42393rmec [Ofs-2.1008967 |Edit30

—9. Apply to photometric analysis
Case A- Sinale ooint caliblation

e,

deo now..
d time.

(3] Open this window and analyze time,
(4] Click "“Add" button => memary analyzed time.

le (5] Click "&pply to Analysis" button.
I_ _| (6] Cloze this windows. Check analyzed time.
1 -

- 1 00088 14:39:25.00436
7l ||| Momacy 2 00229 14:39:39.00617

3 00380 14:39:54.00069
4 00521 14:40:08.00210

~4_ Polynomial hit for BEG. [if necessary)

8. Check result
Mean recorded time delaysl'"-""‘za33 seconds from most probable time

=] Degeeof — 4|

s ElmlE | fitcuve |8_ _=| | | result of regression analysis of 1PPS LED. Estimated Error is |0.000030848 seconds  Delete| || Add Apply to Analysis |

BI_(ET'F_la_m;a I— l' ; Center Tracking || E e _E;S:d]meﬂ 1Flarne2 | [7_ _Tlacking G:SI;"H;EII; o ] ;_:n_e_r?u_r_le" _ _EgT_k_gEJ;E l Star Image [3D] I' Update Setting Il:emsl' -
=47 47 i ey : : ven Measurement / View Option

Sta [T Rotate Point  Set| Clrl Set|Clrl| | W Photomet T Avoid Sunlit Face p o [7

Even] Y=[110 108 Se 0 sefj o Y |~ Metoor/Lunar Limp || 0dd | | ShowField | _ Interval Fl —— E_l

i . a Star Tracki Passed Point [Frame.] 1 Frame | [ e Mona s — "

0dd | FWHM T Postion Sel | o char T Estimated tuack | Direction Seting |||~ 1o 1y oo | [ Field Measure {1 [10.070323' pess o

Frame |451.0 | W F ggxg ? gg; Haﬂs Threshold IFr.:ruc‘l IFr-jrmx Width_l Gop N Hadfl Imil Dutel_l I;'i‘dléu;:ir}gt Current Object -
Color Val . | set| ci | set - - - - - venfist | Graph
ovae ||| =0 T - oy B 5 [5 = setfci]se o A0 H||FHF HM 4 | ¢ odnse | & ID B|I| _
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%8 Time correction using 1PPS LED

100 L ) e s e . Y

© "
* . o

AR A R AR AR

lI T8 MG 16179819 10 A ST ETE1 T E1 €2 (21222 2242 E2€2 726203 (3 1323 E343ETE0 VL3 LA (4 W24 T4 Q4 E4 4 1 E4 0505 EEEES\@ESEEF&EEQI

Recorded time delays  |-0.0063¢ Seconds.from 1PPS signal on everny I“U frames. | 99.30x10=993.0 '——l

Magenta dot near front the end point of decrease.

When you have collected as much
. _ data as you need, press Apply to
7_Fit to line. and obtain the Analysis.

8. Check result When the bar graph immediately

Mean recorded time delays

5. Click above graph at a

1. Verification of the time PC recorded. | selacted frame: No

2. See and check above graph..

3 Change graph to LED Brightness
" Wariation of Recorded Time on Fram
¢ LED Brightness

4. Polynomial fit for BKG. [if necessary]

6. Spread area of Blue dot

Scale

O

[Recorded PC Time,, Obtained UTC from LED Si
Fim. Frame End ., Frame Center,, Frame End,
Mo. HHMM, 555555555 HH .MM 55,5555 HH.|

0.14,39.16.2703263,14.39.16.2164,14,39,16.26¢
1.14,39,16.3696297,14,39,16.3157.14,39,16. 365
2,14,39,16.4689312,14,39,16.4150,14,39,16.46¢
3,14,39,16.5682327 14,39,16.5143,14,39,.16.562
4,14,39,16.6675341,14,39,16.6136,14,39,16.66°
5.14,39.16.7668356,14,39,16.7129.14,39,16.76:
£,14,39,16.8661370,14, 35,16.8122,14,39,16.861
7.14,39.16.9654385,14.39,16.9115,14,33,16.961
9.14,39.17.0647400,14,3917.0108,14,39.17.060
914,39.17.1640414.14,3917.1101,14,39.17.15¢
10,14,39,17.2633429,14,39.17.2094 14 39.17.25
11,14,39,17.3626444,14,39,17.3087,14,39.17.35

< >
|-0.0042893msec |Ofs-2.1008967 [Edit30

9. Apply to photometric analysis

Case A: Single point caliblation
(1) Click "Apply to Analysis™ button.
[2) Close this windows. Check analyzed time.

Case B: Multiple point caliblation
If you've anlyzed accurate time head of video now..
[1] Click "Add" button => memory analyzed time.
[2) Do Photometry for 1PPS LED pulse
oh the end of video stream.
[3) Open this window and analyze time.
[4) Click “Add" button => memary analyzed time.
[5] Click "Apply to Analysis" button.
[6] Close this windows. Check analyzed time.

1 00088 14:39:25.00
2 00229 14:39:39.00
3 00380 14:39:54.00
4 00521 14:40:08.00

_+| Degreeof — 2| above reaches the right end, close
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== Light Measurement tool for Occultation Observation using Video Recorder [Limovie 0.9.99.5A(Aqua)-5b] = pd

File Edit Option  Tools
2021 01 20 14:40:15:752

:.= B.0,124.7,"", 14,40, 13. 1162, 13. 1659, 14,4
9.0,49.2,"", 14, 40, 13. 2155, 13. 2652, 14, 40
5.0,49.32,"", 14,40, 12,3148, 12. 3645, 14, 40
5.0,48.9,"", 14, 40, 13. 4141, 13, 4638, 14, 40
7.0,48.9,"", 14,40, 13.5134, 13. 5631, 14, 40
3.0,48.8,"", 14,40, 12,6127, 12. 6624, 14, 40
3.0,49.0,"", 14, 40, 13,7120, 12. 7617, 14, 40
3.0,49.0,"",14, 40, 13. 8113, 13. 8610, 14, 40
1.0,49.6,"", 14, 40, 139107, 13. 9603, 14, 40
2.0,189.2,"", 14,40, 14,0100, 14. 0596, 14, 4
3.0,142.3,"", 14,40, 14. 1093, 14. 1589, 14, 4
1.0,49.2,"", 14, 40, 14. 2086, 14.2582, 14, 40
5.0,48.7,"", 14, 40, 14. 3079, 14. 3575, 14, 40
5.0,49.0,"", 14, 40, 14, 4072, 14. 4568, 14, 40
7.0,49.0,"", 14, 40, 14. S0E5, 14. 5561, 14, 40
3
i
|
1
2
3
a
5

& o

Lo .0,48.7,"", 14, 40, 14. 8058, 14. 8554, 14, 40
28 .0,49.2,"", 14, 40, 14. 7051, 14. 7547, 14, 40
Eﬂggaﬁﬁa .0,48.9,"", 14, 40, 14. 8044, 14. 8540, 14, 40
Control .0,48.6,"", 14, 40, 14. 9037, 14. 9533, 13, 40

.0,173.5,"", 14, 40, 15. 0030, 15. 0526, 14, 4

* Hide 3.0,159.4,"",14,40,15.1023,15.1519,14,4

— .0,49.0,"", 14, 40, 15. 2016, 15. 2512, 14, 40

(" Show [5_0,as_3,"", 14, 40, 15. 3008, 15. 23505, 14, 40

—-5.0,48.9,"",14, 40, 15. 4002, 15. 4438, 14, 40
S597.0,48.8,"", 14, 40, 15. 4935, 15. 54391, 14, 40
598.0,49.1,"", 14, 40, 15. 5988, 15. 6484, 14, 40
599.0,49.6,"", 14, 40, 15. 6981, 15. 7477, 14, 40

< >

Asteroid timing guide l Operation Guide‘
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/ PSF-Frame photometry /
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s Light Measurement tool for Occultat ",'-:{=Graph - O X

drt ption  Toc oftware |/ PSF-Frame photometry /
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(1242)Zambesia UCACH 636-039537 ;: 2021 January 20 : Hi. Watanabe / PSF-Frame photometry /
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== Light Measurement tool for Occultation OF {= Graf O X

File Edit Option  Tools  Software L (1242)Zambesia UCACH 636-039537 ; 2021 January 20 ; Hi. Watanabe / PSF-Frame photometry /
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Light (Wl Grar

Graph - O X
(1242)Zambesia UCACH 636-039537 ; 2021 January 20 : Hi. Watanabe / PSF-Frame photometry / Object: Distance=384401km Ve
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1242 Zambesia occults UCAC4 636-039537 on 2021 Jan

Star: Dia < 0.1 mas Max Duration = 5.4 secs
Mv 13.5; Mb 14.4; Mr 12.5 Mag Drop = 1.0 (1.0rx)
RBA = 7 2 55.60B& (astrometric) Sun - Dist = 157"

Dec = 37 4 52.3%¢ ik Moon: Dist = 77"

[of Date-z 7 4 21, 37 2 59] : illum = 47 %

Prediction of 2021 Jan 17.0 E Q.ﬁ!?“x 0.047" in PA 50

Reliable not available

33

20 from 14h 30m to 14h 52m UT

Asteroid:
Mag = 13.8
Dia = 53 +3km, 0.048"
__pa¥allax = 5.828"
- ly dRA =-2.553s
- dlec = -8.€8"
- JPL2021/01/17, Star+PeakEphemUncert

-7 Read the data.

% T

«_ - -, From Preston's forecast and Occult's forecast screen
g L e\~ pBia

“..° - : . Max Duration

oy, .- [T
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500 )

entered, close the window.
200

100

1]

(1242)Zambesia UGAC4 636-039537 ; 2021 ,

2. Enter the values of Dia., Max Duration, Parallax recorded on the

L8 Object's Velodity Calcula.. — O X - U X e e - a X
e O = Spectral Effect
Lunar's Velocity t: Distance=384401km Ve | oo [iM2a0 =l |
Relative  Lunar's Contact Shadow velocit i = |
motion distance angle 4 ; i Star |F5 or By |0.38
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'Dla o [
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previous page and press the Write to diffraction simulation parameter
button to automatically calculate the values. When the values are

2. belect Liompute Liraze .
3. HSF can be found at the centre of the description.
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Light | =,= Graph = O by {= Fre.. — O X

Fle  E (1242)Zambesia UGACA 636-039537 ; 2021 January 20 ; Hi. Watanabe / PSF-Frame photometry / Object: Distance=225735277km || SPectial Effect
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R Light | {3 Graph — O x|k Fre. - O %
File B (1242)Zambesia UCACH 636-039537 : 2021 January 20 : Hi. Watanabe / PSF-Frame photometry / Object: Distance=225736277km gggc“lz:}ég;ﬂ Graph |
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