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The timestamping of astronomical occultations and other
astronomical phenomena need to be done in an absolute time
scale in order to allow collaborations between different observers
around the world. The timescale chosen is the Coordinated
Universal Time (UTC) that is the primary time standard regulating
clocks and time [1]. Stellar occultation by Solar System Objects
(SSO) is a proven method used to determine the size, 3D shape,
topology and accurate positioning of asteroids including their
satellites [2]; in addition, stellar occultations are used to improve
astrometry of asteroid orbits by linking their position to the �aia
coordinates of a star at event epoch [3], to measure occulted star
size, to detect multiple star systems, to detect asteroid satellites, to
produce accurate TNOs ephemeris [4], to provide information of
the atmospheric pressure of TNOs and planets [5], and recently, to
discover the presence of rings ������ minor planets of the outer 
solar system [6].

Most amateur astronomers use a timing system that stamps the
UTC time in every frame of an analogue video recording using the
Composite Video Baseband Signal (CVBS) standard and devices
that use either a radio clocking signal as DCF77 or a Global
Navigation Satellite System (GNSS) receiver (Black Box, Kiwi device,
TIM10, IOTA-VTI). This system was validated by the International
Occultation Timing Association (IOTA) community for years and
used by many observers for almost twenty years [7].

Most observations are still made using analogue video cameras
coupled to analogue-to-digital converters producing digital DVI 
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timestamping from the recording camera, allowing the use of the last-generation, sensitive and low 
noise CCD, EMCCD and CMOS image sensors for occultations and other astronomical phenomena 
requiring precise UTC timestamping.

or SER files. However many observers wish to use the many 
advances in image quality that new digital video cameras offer, 
including bit depth increasing from 8 bits to 12-16 bits among 
others. The last generation of the most sensitive and low noise 
CCD, EMCCD and CMOS image sensors are embedded in digital 
cameras. CMOS image sensors are digital as the sensor chip itself 
produces a digital output compared to the analogic one produced 
by the CCD arrays. Last generation CMOS image sensors possess 
sensitivity and noise levels comparable or above to those of the 
best CCD sensors, without its major limitations like the low frame 
rate and high costs of production [8]. The evolution of CMOS 
image sensor capabilities is likely replacing the CCD sensors thus 
favo�ring the development of affordable highly sensitive/low noise 
digital video devices now and in the near future.

In order to use digital cameras for the recording of astronomical
occultations, these system�
 UTC timing has to be accurate and
robust. Some options like the QHY174M-GPS camera [9] and
systems such as ADVS and others [10, 11, 12] are capable to meet
the needed accuracy but they are either not widely available or
limited in the choice of image sensors and cameras for the amateur
community. A recent article by P�v�ov�&�G�u�� [13], showed that
there is a way to accurately correct (better than ±15 ms in 99 % of 
the time) the PC system date/time using the Meinberg NTP
software [14]. The method described by P�v�ov�&�G�u�� requires an 
internet ADSL connection, has an initial time to achieve ±15 ms UTC 
synchronization within approximately 1-2 hours after a cold start, 
and exposes to similar times to recovery from a rare erroneous 
single shift during the synchronization [13].
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Achieving accurate timing with a PC is challenging because it 
depends on many factors like the variability in the internal 	TC 
clock, the tolerance (ppm) and variation with the temperature of 
CPU-clocking crystal oscillators, the presence of multiple 
motherboard CPUs in modern computers, high priority system 
interruptions by the operating system, different date�time 
management depending on the version of the operating systems 
among other factors [13]. A way to be sure that the �indows time 
will not be affected by multi-core and power management is to 
verify that the time is based on the crystal oscillator on the 
motherboard. As described in Pavlov & Gault, a method to verify 
these conditions is to check that the CPU used supports a feature 
called Invariant TSC and that this feature is supported by the 
Windows �S version used [13, 15]. The ma�ority of Windows 7  
operati�� systems �����
���� support Invariant TSC, but it is 
preferable to use Windows 10 because of the additional 
improvements made to its kernel and task scheduler that directly 
affect the accuracy of the system date�time [13, 16].

In February 2020, the Shelyak Time�ox [1�] �n Figure 1 was 
released as an accurate and portable solution for UTC timing using 
digital video cameras in a �indows environment. The Shelyak 
Time�ox is designed to allow accurate timing of astronomical 
phenomena using digital video devices. It provides the base for 
several modular set-ups that can be used with a wide variety of 
astronomical hardware.�The Shelyak Time�ox recovers the UTC 
time from GPS satellites and synchronizes the recordings using 
three different modes�

LLL���DDD   fffiiirrriiinnnggg� This mode allows inserting the UTC time directly and 
optically in the video frame stream by firing a L�D at each UTC-
second. The accuracy of the rise of the L�D firing was measured 
against the UTC-�P of the S
	T� at the Observatoire de Paris
[18] to be delayed 
� �10 2s UTC.

CCCooommmpppuuuttteeerrr   SSSyyynnnccchhhrrrooonnniiizzzaaatttiiiooonnn��� This mode allows the synchronization 
of a PC using a Windows operating system internal date�time with 
the UTC reference delivered and updated by the Time�ox�device 
and proprietary software. Then computer synchronization�%'��

allows the recorded frames to be accurately timestamped by the PC 
with the UTC-synchronized system date�time. The accuracy of the 
recordings made with the Shelyak TimeBox in computer mode was 
measured by the team of Pr. S����
�. Their findings presented in 
Dr. L������ doctoral thesis showed that the accuracy of the recorded 
frames stayed below the resolution limit of the test defined at �
20 ms UTC [19]. The accuracy of this method was also measured 
in-house by comparing the difference between timestamps of the 
recorded frames against the firing of a GPS �PPS, and found to 
be approximately � 5 ms UTC (�95%, 2 standard deviations) at 
the resolution limit of the sampling method [�Technical Datasheet 
and Controls�, 20].

TTTrrriiiggggggeeerrr��� In this mode the Shelyak Time
ox is able to tri�g�� the
camera driving the exposure by emitting a series of TTL logic
square UTC-timed pulses through a 
NC port at a frequency
chosen between 0.1 and 24 �z. In this mode, the Shelyak Time
ox 
is also able to synchronize the internal PC-clock to ease data 
reduction and produces a log containing the list of the pulses. The 
accuracy of this method was measured in-house by comparing the 
difference between the Shelyak Time
ox pulses against the firing 
of a GPS �PPS using an oscilloscope, and found to be be���������
1 m* UTC (data not shown).

Using the Shelyak Time
ox in both L�D firing or Computer
Synchronization requires a simple US
 connection as the power
needed is drawn from the US
 port. 
n the other hand, Trigger
mode needs additional power for firing the pulses sen� into the
I�
 port of the camera. An additional 12�� power supply has to
be connected into the dedicated Shelyak Time
ox 12�� DC-input
when using the Trigger mode (Figure 1).

The goal of this article is to show the results of the independent
testing of the Shelyak Time
ox using described methods [13, 21]
that measure the accuracy of UTC timestamped recordings for
both computer synchronization and trigger modes, to assess the 
accuracy of the timestamping when using different cameras and 
acquisition software, and to measure the accuracy of the PC date/
time synchronization on long periods of time.
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Figure 1. The Shelyak TimeBox, a device designed
for accurate UTC time recordings with digital
video cameras.
A - Shelyak TimeBox face A.
B - Shelyak TimeBox face B, display the (left to
right) USB-B port, GPS antenna SMA port, TTL
trigger output  port and 12 V DC-input for
trigger mode.



���iiinnndddooowwwsss   111���   aaannnddd   ���iiinnndddooowwwsss   777   ooopppeeerrraaatttiiinnnggg   sssyyysssttteeemmm   tttiiimmmeee   dddrrriiifffttt   
A dual installation of Microsoft Windows 10 Professional and
Windows 7 Professional Service Pack 1 operating systems was
done on a PC AMD F�-8350 4 G�z, 16Gb �AM system. The
TimeBox 1.8.2 XS software version was installed in Windows 10,
while the TimeBox 1.8.2 Legacy version in Windows 7 [�Software
and firmware�, 1�]. �ach operating system was booted and a 15
minutes recording of the system�s time drift compared to the
Shelyak Time
ox timestamps done during the calibration routine
for each opera���� system. The system date�time in Windows 10
was read using the GetSystemTimePreciseAsFileTime function,
and the system date�time in Windows 7 was read using the
GetSystemTime function. Linear fits for both recordings were
calculated using the polynomial curve fitting �polyfit� (degree 	
1) function in Matlab (�2020a)�
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FPSmax = Maximum frame rate (FPS)

TotalRow = Total number of lines read at that max FPS

M��n,�S�D� �nd� l�n���� ��g�����on�w���� ��l�ul�t�d� fo�� ���h� ���
qu���t�on.���n������g�����on��w������l�ul�t�d�u��ng�th��polyno���l
�u�v��f�tt�ng��polyf�t���d�g������1��fun�t�on��n�M�tl�b���2020��.

AAAcccqqquuuiiisssiiitttiiiooonnn   sssoooffftttwwwaaarrreee   wwwiiittthhh   SSShhheeelllyyyaaakkk   TTTiiimmmeee


oooxxx   iiinnn   CCCooommmpppuuuttteeerrr   mmmooodddeee
cccooommmpppaaarrreeeddd   tttooo   SSS������TTTAAA
A Windows 10 64-bits system laptop (Lenovo ThinkPad Intel i5
Core i5-540M, 4G
 DD�3 �AM, US
2.0) was permanently
synchronized using a Shelyak Time
ox in computer mode for at

least 15 minutes using default synchronization parameters using�the 
TimeBox 1.8.2 XS software version. Following, the L�D matrix screen 
of a S��TA� [21] device was recorded using a 
asler 640-100gm 
GIg� camera with three different acquisition software�
Airylab Genika, SharpCap and PRISM at 4, 10, 20� ���������	
frequencies for 2 min each. A constant latency time offset for 
each camera was determined and the frames timestamp corrected 
with the related offset. The acquisitions were done using Airylab	s 
Genika Astro x
4bits (�elease 2.13.5.8) [22], SharpCap (3.2.6101.0) 
[23], and PRISM (v10) [24] and the frames saved as a single S��
file for each acquisition. Timestamps were recovered from the S��
image header and compared to the S��TA�s optical timestamps 
using the provided SEXTAreader software   [21]. Mean delay and 
variance (standard deviation) for each frame recorded at all 
acquisition rates w��� calculated for each acquisition software and 
compared using a 
ne-way AN
�A post-hoc test using Matlab�s 
(�2020a) �anova1� and �multcompare� functions.

SSShhheeelllyyyaaakkk   TTTiiimmmeee


oooxxx   TTTrrriiiggggggeeerrr   mmmooodddeee   cccooommmpppaaarrreeeddd   tttooo   SSS������TTTAAA
A Shelyak Time
ox in trigger mode was used to produce UTC-
synchronized TTL pulses used to trigger frame acquisitions on a 

asler 640-100gm Gig� digital camera recording the L�D matrix 
screen of a S��TA�[21] device at 1, 2, 4, 8, 10, 15, 20 and 24 FPS for 
two min each. All acquisitions were done using the TimeBox 1.8.2 XS
software version in a Windows 10 64-bits system laptop (Lenovo 
ThinkPad Intel i5 Core i5-540M, 4G
 DD�3 �AM, US
2.0). Airylab	s
Genika Astro x
4 (�elease 2.13.5.8) was used as recording software 
and the frames saved in a single S�� file for each acquisition. 
Frames were set to be triggered using the built-in external trigger 
of the camera by checking the Genika�s ��W trigger� case as shown 
in the user manual page 25 [22]. A standard 12 V DC power plug 
was connected to the dedicated Shelyak Time
ox 12 V DC-input as 
described in the user manual page 14 [22]. The resulting S�� video 
timestamps were re-synchronized with the acquisition Time
ox log 
using the Airylab SER Toolbox (v 2.0.1.0) included with Genika, as 
detailed in the Shelyak Time
ox user manual pages 20-21 [25]. The 
timestamps of the re-synchronized S�� files were recovered from 
the frame header and compared to the S��TA�s optical timestamps 
using the provided SEXTAreader software   [21]. The mean, STD and 
linear regression were calculated for each acquisition. Linear 
regressions were calculated using the polynomial curve fitting 
�polyfit� (degree 	 1) function in Matlab (�2020a).

SSShhheeelllyyyaaakkk   TTTiiimmmeee


oooxxx   iiinnn   cccooommmpppuuuttteeeddd   mmmooodddeee   cccooommmpppaaarrreeeddd   tttooo   III


TTTAAA---���TTTIII���
OOOccccccuuuRRReeeccc   
OccuRec [26] was used to survey the synchronization of the internal 
clock of a Windows 10 64-bits system (Toshiba �osmio F�50, Intel 
processor i�, 8Gb �AM and Samsung ��
 850 SSD hard drive) 
to the Coordinated Universal Time (UTC) for 4 h, 6 h, and 24 h at 
24 timestamps�second as described in Pavlov & Gault [13]. The 
computer internal clock was permanently synchronized using a 
Shelyak Time
ox in computer mode with default synchronization 
parameters� different �Time correction� modes were tested��Slow, 
Medium and Fast, the synchronization was done using the TimeBox
1.8.2 XS software version. OccuRec recorded the system time using

Materials and Methods
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the� Windows 10 GetSystemTimePreciseAsFileTime function
against a time reference provided by the I
TA-�TI obtained by 
automatically reading the 
C� timestamp for every single frame 
during the recording (40 ms, PAL).�Matlab ��2020a� was used to 
calculate� � one-minute �1440 timestamps window� moving 
mean of the delay �ms� between the Shelyak Time
ox and the 
IOTA-VTI obtained by using the �movmean� function, and linear 
regressions by using the polynomial curve fitting �polyfit� �degree 
� 1� function. The frequency distribution of the delays between 
the Shelyak Time
ox and the IOTA-VTI were represented in a 
histogram. The statistical measures of the mean of the delay 
�ms�, STD, maximum, minimum and number of measures �n� are 
shown for each recording.

In order to determine the more accurate method for reading the
system dat��time in a Windows PC, a dual installation of Microsoft
Windows 10 Professional and Windows 7 Professional Service Pack 1
operating systems was done on a single PC �see chapter Materials
and Methods�. A dual installation allowed to prevent bias in the
recordings due to hardware variability [13].   �ach operating system
was booted individually, two installations of the Shelyak Time
ox
software were done in each operating system� TimeBox 1.8.2 XS
version in Windows 10  and the TimeBox 1.8.2 Legacy version in
Windows 7. The TimeBox XS version is compatible with MS
Windows 8� system� and� up� and uses the GetSystem����-
	�
������AsFileTime function to read the system date�time, while 
the TimeBox Legacy version is compatible with MS Windows XP
systems and above and uses the GetSystemTime function to read
the system date�time. After installing the corresponding TimeBox 

software, the same Shelyak Time
ox device was connected to
the computer US
2 and the antenna was placed in an open-sky
location to allow the internal GPS of the Shelyak Time
ox to be
fixed. After fixation one mandatory calibration routine was done
for each operating system. A calibration file was produced after
each calibration routine� this file contains 15 min recordings of the 
system�s date�time drift compared to the Shelyak Time
ox UTC 
timestamps.

As shown in Figure 2, both functions GetSystemTimePrecise-
AsFileTime and GetSystemTime measure a similar system time drift
as expected when measuring on the same computer. Get-
SystemTimePreciseAsFileTime measured a slope of 2.02 ms/min 
while GetSystemTime measures a slope of 1.77 ms/min (Figure 2A). 
On the other hand, we observed that the variance of the date/time 
measures was significantly increased when using the Windows 7
GetSystemTime function compared to the Windows 10 Get-
SystemTimePreciseAsFileTime function (Figure 2B). The subtraction 
of the slope during the time drifts was used to measure the 
variances ± 2.4 and ± 10 ms UTC (>95%, 2 standard deviations) for
GetSystemTimePreciseAsFileTime and GetSystemTime respectively 
(Figure 2B). The increase in the variance was also reflected on the 
linear correlation coefficient measured at r = 0.51 and r=0.96 for 
GetSystemTime compared to GetSystemTime-PreciseAsFileTime 
respectively (Figure 2A). These results show that the Windows 10
GetSystemTimePreciseAsFileTime is better suited to read the 
system date/time compared to the Windows 7 GetSystemTime 
function. Recent developments on the system date/time reading 
were done when releasing Windows 8 to �rovid��micros�cond
r�so�u�ion� of� ���� �im�s��m�s� w��n� using ����
G��S�s��mTim�Pr�cis�AsFi��Tim���func�ion��[13,�27,�28].��For ��is

Fig��e 2A, B. Windows 10 GetSystemTimePreciseAsFileTime function improves system	s date/time reading.
15 minutes recordings of the system	s date/time drift compared to the Shelyak TimeBox timestamps. The system	s date/time drift was
read either in Windows 10	s using GetSystemTimePreciseAsFileTime function (/ filled circles) or in Windows 7 using GetSystemTime
function (���#&)-��!'�"�(�.
�����!$��'��!)(��%'��%) �#��(*'�#�$)(�,�'����"�*"�)����%'��!$�%,(������)�-()�#�!#��'��!(��(�!"��!#��,!) ���("%&��
������#(�#!$��$��
��'�
����
�'�&'�(�$)���!$��'��$���$���!$�%,(�����)�-()�#�!#��,!) ���("%&��
������#(�#!$��$����'�
���	��
����*�)'��)!%$�%��) ��("%&�(��*'!$��) ��(-()�#���)��)!#���'!�)(�,�'��*(���)%�#��(*'��) ��()�$��'����+!�)!%$(�.�����$��.	���#s�����
, �$�*(!$����)�-()�#�!#��'��!(��(�!"��!#���$����)�-()�#�!#���*$�)!%$�'�(&��)!+�"-�

Occultation Astronomy
Journal for

JOURNAL FOR OCCULTATION ASTRONOMY  I  2021- 1      25

Results



important to note that the recording made with the rolling
shutter cameras needs to be corrected as described in Materials 
and Methods� indeed the rolling shutter mode induces a drift of 
the exposure start and end through the array 	8
. These results 
show that the accuracy of the UTC timestamps recorded with 
these digital systems permanently synchroni
ed with a �helyak 
Time�ox in computer mode is be��������� 1 ms with mean standard 
deviations of less than � 0.5 ms. It is important to remember that 
the configuration of the ���TA used during these recordings offers 
a temporal resolution down to 2 ms referred to UTC 	21
.

To evaluate the impact of using different ac�uisition software on
the accuracy of UTC timestamps, a laptop PC was permanently 
synchroni
ed by a �helyak Time�ox in computer mode. The screen 
of a ���TA device was recorded using a �asler 640-100 gm camera 
for 2 min at different ac�uisition fre�uencies. Three different 
ac�uisition software were used� Airylab Genika, SharpCap and 
PRISM as described in Materials and Methods. Figures 4A-4� show 
the delay between each frame timestamp subtracted from the 
���TA optical timestamp at each ac�uisition fre�uency. As shown in 
Figure 4A, the accuracy of the UTC timestamping done with 
Airylab	s Genika is be��������� 1 ms (0.1 ms) UTC with a standard 
deviation of � 0.7 ms and a constant time offset of +6 ms. These 
measures are similar to those presented in Figure 3, the variation of 
the standard deviation is possibly due to the use of different PCs for 
each measure (see Materials and Methods). As shown in Figures 4B 
and 4D, the variance of the UTC timestamps when using SharpCap
as acquisition software was comparable to that observed when 
using Airylab Genika (standard deviation, Figures 4A, 4B and 4D). 
On the other hand, the analysis of the mean UTC delay when using 
SharpCap showed that the timestamp of the frames is recorded at 
the end of the exposure. When using SharpCap as acquisition 
software, the resulting timestamps add the exposure time of the 
frame to the constant time offset measured at +5 ms (Figures 4B 
and 4D).

r��son, ���� ���� fo��owing ��s�s�w�r� ���rform�d on Windows 10
s�s��ms�using� ����TimeBox 1.8.2 XS� sof�w�r��v�rsion� �����us�s
����G��S�s��mTim�Pr�cis�AsFi��Tim��func�ion��o�r��d�����s�s��m
d���/�im�.

In�ord�r� �o�m��sur�� ����UTC� �im�s��m���ccur�c��of� fr�m�s
r�cord�d�b����PC���rm�n�n���� s�nc�roniz�d�using� ��S�����k
Tim�Box� in�com�u��r�mod�,� ����scr��n�of���SEXTA� [21]�d�vic��
w�s�r�cord�d�using���r���g�ob���or�ro��ing�s�u���r�c�m�r�s:�B�s��r
640-100�gm,�ZWO�ASI183MM-Pro��nd��B�s��r��cA3088-57um.�T���
r�cordings�w�r��don�����diff�r�n���cquisi�ion� fr�qu�nci�s� for�2
min�using�Airylab Genika��s��cquisi�ion�sof�w�r���s�d�scrib�d in
Materials and Methods.�T���d�����b��w��n���c��fr�m���im�s��m��
w�s�sub�r�c��d� from� ����SEXTA�o��ic��� �im�s��m�� r��d b�� ����
�rovid�d�SEXTAreader� sof�w�r�;��� r��r�s�n���iv�� r�su��s for �n
�cquisi�ion�fr�qu�nc��of�10�FPS��r��s�own� in�Figur��3A,�3B �nd
3C�for���c��c�m�r�.

T���r�su��s�of�����m��sur�m�n�s����diff�r�n���cquisi�ion�r���s�for�����
��r���c�m�r�s��r��s�own�in�Figur��3D.�T����n���sis�of�����m��n
d�����for���c��c�m�r���nd��cquisi�ion�fr�qu�nci�s�s�ow���������r��
is���cons��n���im��offs���for������cquisi�ion�fr�qu�nci�s�for���c��
c�m�r��(Figur��3D,�Offs��).�A�cons��n���im��offs���w�s�obs�rv�d
w��n�r�cording�wi���digi����s�s��ms�[13],��o�m��sur��i������S�����k
Tim�Box��oss�ss�s� ��bui��-in�LED� �nd� ���roc�dur�� ��������ows
m��suring���is�offs���d�scrib�d�on���g��17�of�����us�r�m�nu���
[25]. T���cons��n�� �im��offs��� for� ����B�s��r�640-100�gm,�ZWO
ASI183MM-Pro��nd�B�s��r��cA3088-57um�w�r��m��sur�d����+6,
+16��nd�+8�ms�r�s��c�iv���.�T���cons��n���im��offs��s w�r��us�d �o
corr�c�� ���� fr�m�s� �im�s��m�s� for� ��c��c�m�r������n��giv�n
�cquisi�ion� fr�qu�nc�.�T��� r�su��s� in� figur��3D� s�ow� ����� ����
corr�c��d�m��n�of�����UTC-�im�s��m�s�of���� recordings done
with a �asler 640-100 gm, a �WO A�I183MM-Pro and a �asler 
acA3088-57um cameras measured at -0.1, -0.4 and 0.2 ms with 
standard� deviations of� � 0.1,� � 0.5 and� � 0.1 respectively.� It is 

Figure 3A-D. Shelyak TimeBox in Computer mode allows
the accurate timestamping of recordings for both global/
rolling shutter digital cameras.
Different digital cameras were used to record a SEXTA device 
for 2 minutes at different acquisition frequencies; the system	s
date/time was synchronized using a Shelyak TimeBox in
Computer mode and Airylab	s Genika as acquisition software. 
Representative result of the Delay (ms) between the frames
timestamps and the SEXTA optical timestamps for the 
duration of the recording (10 FPS) are shown: 

A) Basler 640-100gm GigE Global shutter camera
B) ZWO ASI183MM-Pro USB Rolling shutter camera

C) Basler acA3088-57um USB Rolling shutter camera.
The results of the measures at different acquisition rates for 
all three cameras are shown in D, where the mean Delay
(ms) for each acquisition is corrected for the constant time 
offset (ms) of the recording.
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In contrast, the variance of the UTC timestamps when using PRISM
was greatly increased compared to the variance observed when
using either Airylab Genika or SharpCap (Figures 4C, 4D and 4E).
Indeed, the standard deviation of the UTC timestamp delay was
more than x140 (STD = ± 139 ms) times higher than those
measured with Airylab Genika and SharpCap (STD = ± 0.7 and ± 1 
ms, respectively). The analysis of the mean UTC delay when using 
PRISM showed that the timestamp of the frames is done at the 
end of the exposure, but in contrast to either Airylab Genika or 
SharpCap the time offset was not constant for each acquisition 
frequency. For this reason, a mean time offset of +37 ms was
calculated from all different acquisition frequencies and used to
correct the mean UTC time delays (Offset, Figure 4D). Moreover,
the mean UTC delay was x77 times higher when using PRISM
(mean delay = 7.7 ms) compared to those obtained with either 
Ariylab Genika or SharpCap (mean delay = 0.1 and 0.2 ms 
respectively). The difference in the mean and variance of the 
timestamps obtained with PRISM was compared to those obtained 
when using Airylab Genika and SharpCap and found to be 
statistically different (Figure 4E and Materials and Methods).

In order to measure the UTC timestamp accuracy of frames
recorded when using a camera triggered by a Shelyak TimeBox, a 
Basler 640-100gm GigE digital camera was used to record the
screen of a SEXTA device at 1, 2, 4, 8, 10, 15, 20 and 24 FPS for two 
min. The recordings were done using Airylab Genika as acquisition 
software, the frames were set to be triggered using the built-in 
external trigger of the camera as described in Materials and 
Methods.�The results of the measures at different acquisition rates 
are shown in Figure 5. The delay between each frame timestamp 
was subtracted from the SE�TA optical timestamp; representative 
results for an acquisition frequency of 8 FPS are shown in Figure 5A 
and 5B. In Figure 5B at 8 FPS, we observed that the mean 
timestamp delay for all individual UTC-synchronized TTLs within a 
second was constant and measured to be b���������� 1 ms (0.9 ms) 
with a standard deviation of ± 0.6 ms (Figures 5B and 5C). No 
constant time offset was measured at any acquisition frequency as 
expected by the �16 2s delay between the TTL and the start of the 
exposure announced by the manufacturer [2�]. Figure 5C shows 
the delay between each frame timestamp subtracted from the 
SE�TA optical timestamp at each acquistion frequency. As shown

Figure 4A-E. The acquisition software is essential to allow the accurate timestamping of recordings.
Different acquisition software were used to record a SEXTA device for 2 minutes at different frequencies with a Basler 640-100gm camera; the
system	s date/time was corrected using a Shelyak TimeBox in Computer mode. The results of the Delay (ms) between the frames timestamps
and the SEXTA optical timestamps at different acquisition frequencies are displayed (4FPS filled red circles, 10 FPS filled blue circles, 20 FPS
filled green circles and, 40 FPS empty black circles) for A - Airylab Genika, B - SharpCap and C - PRISM. The results of the measures at
different acquisition rates are shown in D, where the mean Delay (ms) for each acquisition was corrected for the constant time offset
(milliseconds) of the recording and for the duration of the exposure in the case of SharpCap and PRISM. The mean delay and variance
(standard deviation) for each frame recorded at all acquisition rates were calculated for each acquisition software and compared using a One-
way ANOVA post-hoc test (p 
 1.0698e-09 ****) and are shown in E.
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in Figure 5C, the mean and standard variation of the UTC 
timestamping �in trigger�mode for all �the recordings is����������
1 ms (0.7 ms) UTC and ± 0.2 ms respectively. These results show 
that the accuracy of the UTC timestamps recorded using the 
Shelyak TimeBox trigger mode is constant across the acquisition 
frequencies and �� 1 ms UTC. It is important to remember that the 
configuration of the SE�TA used during these recordings offers 
a temporal resolution down to ± 2 ms referred to UTC [21].

During the last series of experiences, we wanted to measure the 
accuracy�of�th��UTC� synchronization�of a �PC permanently��%*!

chronized using a Shelyak TimeBox in computer mode for long 
periods of time. To achieve this, the OccuRec software [26] was 
installed and ran on a PC as described in Pavlov & Gault [13, 26].
OccuRec was used to record around 345.6 thousands (Figures 6A, 
6D and 6G), 1.7 million (Figures 6B, 6E and 6H) and 518.4 thousands 
(Figures 6C, 6F and 6I) timestamps comparing the system date�
t�me synchr"n�+ed (�th a �he�ya� ��me�") �n �"m#'ter m"de 
c"m#ared t" the ����-��� �"r 	� �� and 
 h res#ect�ve�y as 
descr��ed �n Materials and Methods� �s sh"(n �n ���'res 
� and 

� (hen 's�n� the ,��me c"rrect�"n- #arameter ,��"(-� the �

date�time synchronization� was regular� over the 4 h�(�&���� ��!
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Figure 5A-C. Shelyak TimeBox in Trigger mode allows accurate millisecond timestamping of recordings with I/O triggered digital cameras.
A I/O triggered Basler 640-100gm digital camera was used to record a SEXTA device for 2 minutes at different ac�uisition fre�uencies; the
recording frames were triggered using a Shelyak TimeBox in Trigger mode at different fre�uencies. The recorded frames were captured
using Airylab Genika as ac�uisition software.
A) Representative result of the Delay (ms) between the triggered frames timestamps and the SEXTA optical timestamps for the duration
of the recording (8 FPS)
B) Delay of the individual triggered frames for each second during a representative recording (8 FPS).
The results of the measures at different ac�uisition rates are shown in C, where the mean Delay (ms) for each ac�uisition was measured.

Figure 6A-J. Shelyak TimeBox in Computer mode
allows stable and accurate timestamping of the system
time/date over long periods of time.
Around 345.6 thousands (A and D), 1.7 million (B
and E) and 518.4 thousands (C and F) Delay (ms)
comparing the system date/time synchronized with
a Shelyak TimeBox in Computer mode compared to
the IOTA-VTI OCR timestamp were recorded for 4,
20 and 6 h (24 timestamps/second) using OccuRec.
Figures A and D correspond to the default Shelyak
TimeBox time correction setting 
Slow�, Figures B
and E corresponds to 
Medium� and Figures C and F
to 
Fast�.
The orange plot on Figures A, B and C represents a
one-minute moving average of the Delay (ms),
while the linear fit for each measure is shown in
green. �istograms representing the Delay (ms) for
each correction setting (Slow, Medium and Fast) are
displayed in Figures D, E and F.
Figures G, � and I correspond to a magnification of
the first 6 minutes preceding the recordings shown
on Figures A, B and C respectively.
The results of the linear fits and statistical measures
for each Shelyak TimeBox time correction setting are
shown in �.



We confirmed that the �indows 10 �et
ystem����Precise-
AsFileTime function outperforms the former �indows 7 and �������
�et
ystemTime function for accurately reading the system date/
time (Figure 2). As noted in Pavlov & Gault �13, 15�, �indows 10
added additional improvements to its kernel and task scheduler 
that directly increases the accuracy of the system date/time. Also 
the �et
ystemTimePreciseAsFileTime function resolution was 
increased up to the microsecond when compared to the 
millisecond only resolution of the �et
ystemTime when reading 
the system date/time �27, 28�. For these reasons we recommend 
using �indows 10 and reading the system date/time with the 
�et
ystemTimePreciseAsFileTime function when recording 
astronomical occultations and other phenomena that need 
accurate UTC timestamping. The measures performed in this article 
were done in three different �indows 10 PCs, probably with 
different �indows 10 updated versions without altering the results. 
A number of users around the world routinely use the 
helyak 
Time�ox with their �indows 10 PCs. 
o far, no complaints or 
problems due to �indows 10 updates were raised for using the 

helyak Time�ox in different systems.

Moreover, the results shown in Figure 3 revealed that it is possible 
to accurately timestamp astronomical occultations up to 1-2 ms 
UTC when recorded using a PC permanently synchroni�ed using a 

helyak Time�ox in computer mode. The results were similar when 
using �lobal/�olling shutter and �ig�/U
�3 cameras� it is 
important to note that the recording made with a �olling 
hutter 
camera need� to be corrected for the line where the object 
appears as the timestamp corresponds �� the time when the 
camera records the first line (see Materials and Methods). It would 
be interesting to consider adding an automatic correction of the 
timestamp for each object when recordings are done with �olling 

hutter cameras either in the ac�uisition software (Airylab Genika
or SharpCap) or in the reduction software like Tangra �30�. Also, 
the analysis of the mean delay for each camera and ac�uisition 
fre�uencies showed that there is a constant time offset for all 
ac�uisition fre�uencies for each recording camera (Figure 3�, 
Offset). This is one important element to consider to allow an 
accurate UTC timestamping when using digital system	� the 

helyak Time�ox possesses a built-in ��� and a procedure that 
allows to measure this offset and a procedure is described on page 
17 of the 
helyak Time�ox user manual �25�.

The accuracy of the UTC timestamps obtained using the 
helyak 
Time�ox in computer mode was assessed in the past using 
different methods tha� those presented in this article �19, 20�. 
One of these measures consisted in recording a firing 1PP
 ���
and comparing the digital timestamps of the frames to the �PP

��� optical timestamps as described in the 
helyak Time�ox user 
manual page 17 �25�. These measures were done using a �asler 
1300-60gm �ig� �lobal 
hutter and a �aptor Photonics �MCC�

ite �lobal 
hutter recording cameras with similar results that 
those presented in this article �20�. No apparent restrictions 
were observed for using digital cameras currently available for
astronomical applications. Nonetheless, no measure was done to
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delay of 53.6 ms and s standard deviation of ± 2.6 ms (Figure 6�). 
Similarly, on Figures 6B and 6E when using the �Time correction�
parameter ��edium�, the PC date/time synchronization was 
regular over the 20 hours with a mean delay of 52.8 ms and a 
standard deviation of ± 2.4 ms (Figure 6�). On the other hand, PC 
date/time synchronization was irregular when using the �Time 
correction� setting �Fast� on this system. The PC date/time 
synchronization using the �Time correc&ion� Fast� showed high 
variations around the mean delay measured at 53.24 ms, and 
reflected in the dispersion of the individual measures around ± 180 
ms, with a standard deviation of ± 67.1 ms as shown in the plot 
containing the individual measures (Figure 6C), the histogram 
representing frequency of the measures (Figure 6F) and the 
standard deviation around the mean (Figure 6�).�It is important to 
note that these high variations in the PC system date/time 
synchronization were measured and accounted for in the Shelyak 
TimeBox log files produced during the synchronization routine. As 
described in Pavlov & Gault [Acquisition Delay, 13], the constant 
time delay of around 53 ms UTC is due to the time added by the 
frame grabber to digit��� the recording coming from the IOTA�TI. 
These results show that it is important to measure the optimal 
correction rate of the synchroni�ation for each system to avoid 
overcorrection and instability on the synchroni�ation of the PC 
date/time when using the 
helyak Time�ox in computer mode.

Figure 6�, 6� and 6I correspond to a magnification of the first 6 
min preceding the recordings shown on ���'$� 
A �
low�, 
�
�Medium� and 
C �Fast� respectively. The initial delay in the PC 
date/time was 1 mi!, 100 ms and 30 s for the three recordings 
respectively. We observed that in these three different settings, the 

helyak Time�ox was able to �uickly and accurately correct the PC 
date/time under � min after the start of the synchroni�ation 
(Figures 6�, 6� and 6I). These initial delays were accounted for by 
the 
helyak Time�ox from the first second of the synchroni�ation 
and recorded in the log files produced during the recordings. As 
recommended in the 
helyak Time�ox user manual, accurate 
reading of the PC time in �indows environments needs to filter 
out random variations, extract a stable and accurate time base and 
correctly correct the system�s date�time �25�...   For this reason, it is 
recommended to leave at least 15 min after the start of the PC 
date/time synchroni�ation before recording astronomical 
phenomena, in order to obtain an accurate �
��and stable PC 
date/time. The results of the statistical measures on all three 
conditions are shown in Figure 6	.

As discussed in the introduction, the goal of this article was to 
measure the accuracy of the system date/time reading using 
different �indows functions, to independently test the 
helyak 
Time�ox using described methods �13, 21� for both computer 
and trigger modes, to assess the accuracy of the timestamping 
when using different cameras and ac�uisition software, and to 
measure the accuracy of the PC date�time synchroni�ation at 
long periods of time.
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assess the accuracy of the timestamping with neither �
�� nor 
mechanical shutter e�uipped cameras as we considered the 
evaluation of these devices out of the scope of this article.

As described in Barry et al. �21� camera control and ac�uisition 
software produces timestamps with widely varying fidelities to UTC. 
This was confirmed in Figure 4, where the recordings done with 
PRISM showed an extremely high timestamp variance, a non-
constant time offset resulting in an inaccurate recording unsuitable 
for astronomical occultations. On the other hand, Airylab Genika 
and SharpCap were able to record accurate UTC timestamps with 
low variance and a constant time offset. It is very important to note 
that SharpCap timestamps were done at the end of the exposure, 
adding this exposure time to the timestamp.�This SharpCap
characteristic was not described in the software documentation 
available at the date of the recordings, it would be preferable to 
explicitly describe this behaviour or to add a functionality allowing 
the date the timestamps at the start of the exposure by 
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Figure 7. �ummary table of the results.
� table with the summary of the results is presented
with the �helyak Time�ox mode used (computer or
trigger�, the camera, ac�uisition software (�irylab
�enika, �harp�ap or �RI�M�, the overall accuracy
and standard deviation of the recordings and notes.
*1 Rolling shutter cameras induce a drift of the
exposure start�end through the array. � correction
was applied (Materials and Methods�.
*2 The frames were timestamped at the end of the
exposure.
*3 �onstant time delay 53 ms due to the time to digitise
the recording coming from the IOT�-VTI  with the
frame grabber [13].



>5me�o22se>��'4e�.00u=.0B�59�>=533e=�mo1e 0oul1�.llo@�>o�590=e.se
>4e�=esolu>5o9�o2�.s>e=o51s�s4.;e�@4e9�=e0o=1593�o00ul>.>5o9s�o2�
/=534>e=� >.=3e>s�@5>4� l.=3e� >eles0o;es .91�se9s5>5?e� 0.me=.s�.>�
4534e=�.0<u5s5>5o9�2=e<ue90B�>4.��>4ose 0u==e9>lB�use1�

�9��53u=e������.�>./le�@5>4�>4e�summ.=B�o2�>4e�=esul>s�5s�;=ese9>e1�
@5>4�>4e�&4elB.7�'5me�oA�mo1e�use1���om;u>e=�o=�>=533e=���>4e
0.me=.��.0<u5s5>5o9�so2>@.=e��Airylab Genika��SharpCap�o=�PRISM��
.91�o?e=.ll� .00u=.0B�� '4e�me>4o1olo3B�use1� 59� >45s� .=>50le� 2o=�
.ssess593� >4e� .00u=.0B� o2� >4e� &4elB.7� '5me�oA� .91� >4e
>5mes>.m;593�o2�1522e=e9>�.0<u5s5>5o9� so2>@.=e�0.me=.s� 0.9�/e
use1�>o�>es>�.115>5o9.l�0o9253u=.>5o9s�use1�2o=�o00ul>.>5o9s�.91�
o>4e=� .s>=o9om50.l� ;4e9ome9.� =e<u5=593� ;=e05se� ('��
>5mes>.m;593�����>�5s�59>e=es>593�>o�9o>e�>4.>�/e593�./le�>o�se;.=.>e
>4e�('��>5mes>.m;593�1e?50e�2=om�>4e�=e0o=1593�0.me=.�@5ll�.llo@�
>4e�use o2�l.s>�3e9e=.>5o9��se9s5>5?e�.91�lo@�9o5se�������!����
.91��!#&�5m.3e�se9so=s�>o�/e�use1�2o=�o00ul>.>5o9s���lso��>4e
mul>5mo1e� 1es539�o2� >4e� &4elB.7� '5me�oA�@5ll� .llo@�.m.>eu=�
.s>=o9ome=s� >o� use� >4e5=� 0u==e9>� =e0o=1593� sBs>em� @5>4ou>�
59?es>593�9o=�mo152B593�>4e5=�0u==e9>�4.=1@.=e�.0<u5s5>5o9�se>u;�59�
mos>�o2�>4e�0.ses�

[1] �!0�.=>4B� D. D., &e51elm.99, K. P.� '5me���=om��.=>4�Ro>.>5o9�>o
�>om50�$4Bs50s���&�"������������������	� (2009)
[2]  '=.4.9,�R.���Bl.91,���� $4.se�=e>=5e?.l�.;;l5e1�>o�s>ell.=�o00ul>.>5o9�2o=�
.s>e=o51�s5l4oue>>e�04.=.0>e=5C.>5o9���;;l�#;>���	

��u9�
����
��� ��
	���
[3]  '4e��9>e=9.>5o9.l��s>=o9om50.l�(95o9�!59o=�$l.9e>��e9>e=��!$���
4>>;s���@@@�m59o=;l.9e>0e9>e=�9e>�5.u�m;0�4>ml
[4] ��ss.259��!����.m.=3o������������)5e5=.�!.=>59s��R����=.3.�R5/.s������&50.=1B��
�����91=e5����������.�&5l?.�"e>o, D. N���.9151.>e s>ell.=�o00ul>.>5o9s�/B�
l.=3e�>=.9s�"e;>u95.9�o/6e0>s�u;�>o��	
����s>=o9omB�.91���s>=o;4Bs50s��
?olume��

��9um/e=��

�� (2012)
[5]  �5.s�#l5?e5=.������&50.=1B������ ellou04������)5e5=.�!.=>59s��R����ss.259��
!��e>�.l���$lu>oEs�.>mos;4e=e�2=om�s>ell.=�o00ul>.>5o9s�59��	
��.91��	
���
'4e��s>=o;4Bs50.l��ou=9.l���

��
	�
	���			
����*��

�
���� (2015)
[6]  �=.3.�R5/.s������&50.=1B������#=>5C���� ���&9o13=.ss������Ro<ues�����e>�.l���
�� =593� sBs>em� 1e>e0>e1�.=ou91� >4e� �e9>.u=� �
	
�����4.=57lo��".>u=e��
�	

��	���
�
�������� (2014)
[7]  �#'��)'��?����9>e=9.>5o9.l�#00ul>.>5o9�'5m593��sso05.>5o9�
9EEA���G:56@E:>6CD�4@>�9@>6�9E>=
[8]  &:52G2:?6�,9�� ">286C:6�N�32D�?:G62F�56�=F>:OC6�R��@?52>6?E2FI�6E�
A6CDA64E:G6D���@DD:6C�,649?:BF6D�56�=S"?8P?:6FC������	�

�	���	
��
[9]  * 0
�
&��)+���oole5�-+����	�)l2?eE2CJ�2?5��eeA�+<J��(%�&(+�
�2meC2�
https://www.qhyccd.com/
index.phpm=content&c=index&a=show&catid=94&id=46&cut=1
[10]  �2CCJ��&����2ulE������)2GloG�� ��� 2??2��/���&4�H2?���������:l:AoG:Q��
&�� ����:8:E2l�.:5eo�+JsEem� 7oC�(3seCG:?8�2?5�Re4oC5:?8�(44ulE2E:o?s��
)u3l:42E:o?s�o7�E9e��sECo?om:42l�+o4:eEJ�o7��usEC2l:2�������	�
� (2015)
[11]  �e:s<eC��/�  ���2sE��:8:E2l������2meC2�H:E9�)Ce4:se ,:me +E2mA:?8�7oC�
-se�:?�(44ulE2E:o?��sECo?omJ�2?5�)9oEomeECJ���)+���)+�#o:?E�&eeE:?8�
�	
���9el5��	
� Sep 15-20�:?��e?eG2��+H:EKeCl2?5�

&? 3@E9 ?:89ED  D66 �@AA=6C :?4C62D6 :? 3C:89E?6DD	 �DDF>:?8 2
C@E2E:@? E:>6 @7 �� 9@FCD H@F=5 >62? E92E @? E96 D64@?5 ?:89E�  
D66 6I24E=J E96 @E96C D:56 @7 �@AA=6C	  5@ ?@E D66 2?J 3C:89E?6DD
5C@A� H9:49 H@F=5 A@:?E E@ 2? 64=:AD6 ��:8FC6 ��	 $J C6DF=ED 2C6
E@ 36 D6?E E@ '2D42= �6D42>AD @7 E96  $��� :? '2C:D� 2?5 (2@F=
�69C6?5 @7 E96 �6?6G2 &3D6CG2E@CJ� ;FDE =:<6 H:E9 "2==:@A6 :?
DAC:?8 
���	
�@C E96 C64@C5�  H2D ?@E E96 @?=J @3D6CG6C @7 �@AA=6C� 6DA64:2==J
:? E96 *@FE9 @7 �C2?46 E96C6 H6C6 2=D@ D@>6 H9@ A2CE:4:A2E65�
2>@?8 @E96CD 2E E96 &3D6CG2E@:C6 5F �2FE6 'C@G6?46	 +92EPD 2
8@@5 E9:?8 E@@� 3642FD6 :7 2== E96 5:D4@G6C:6D @7 DA246 925 E@ 36
5@?6 :? E96 %6E96C=2?5D� H6 H@F=5 36 324< 2 46?EFCJ 28@	

[12]  +49He:KeC������&e:sEeC��+�  �.,"���+()����)2C:s�
9EEAs���les:2�o3sAm�7C�lu4<J�sE2C�esoA���5o4��
�����+49He:KeC�+�&e:sEeC�A57
[13]  )2GloG, H.,��2ulE, D. �-s:?8�E9e�/:?5oHs��lo4<�H:E9�'eEHoC<�,:me
)CoEo4ol��',)��7oC�(44ulE2E:o?�,:m:?8��#ouC?2l 7oC�(44ulE2E:o?��sECo?omJ��
.olume�
	�M�'o���M��	�	���
http://www.iota-es.de/JOA/JOA2020_2.pdf
[14]  &e:?3eC8�',)�so7EH2Ce�
9EEAs���HHH�me:?3eC88lo32l�4om�e?8l:s9�sH�?EA�9Em
[15]  "?Eel�+o7EH2Ce��eGeloAeC�&2?u2l��se4E:o?�
���A28e�
��
��
9EEAs���so7EH2Ce�:?Eel�4om�s:Ees�5e72ulE�7:les�m2?28e5�2
��	������
�s5m-
Gol��2345�A57�
[16]  (?e�/:?5oHs�$eC?el�
9EEAs���Ee494ommu?:EJ�m:4Coso7E�4om�E��/:?5oHs�$eC?el�"?EeC?2ls� (?e�
/:?5oHs�$eC?el�32�A����

��
[17]  +9elJ2<�,:me�oI�)Co5u4E�A28e�
9EEAs���HHH�s9elJ2<�4om�ACo5u:E�A7		���E:me3oI��l2?8�e?�
[18]  +0R,����+JsEOmes�5e�RP7PCe?4e�,emAs��sA24e�
9EEAs���sJCEe�o3sAm�7C�sA:A��l2?8�7C
[19]  %e:G2; R. A.� � +Eell2C�o44ulE2E:o?s� 3J� ,C2?s�'eAEu?:2?�(3;e4Es� 2?5�
�e?E2uCs���AAl:42E:o?�Eo��92C:<lo�2?5�:Es C:?8�sJsEem���o4EoC2l 5:sseCE2E:o?��
-?:GeCs:EP�):eCCe�eE�&2C:e��uC:e ��)2C:s�."���C2?4e� (2017)
9EEAs���Eel�2C49:Ges�ouGeCEes�7C�Eel�	
�
�����5o4ume?E
[20]  ,9e�,:me�oI�He3s:Ee
9EEA���HHH�E:me3oIuE4�4om�
[21]  �2CCJ��&����2ulE�������olE������&4�H2?������ �:l:AoG:Q��&�����/9:Ee�����
.eC:7J:?8�,:mesE2mAs�o7�(44ulE2E:o?�(3seCG2E:o?�+JsEems��)u3l:42E:o?s�o7�
E9e��sECo?om:42l�+o4:eEJ�o7��usEC2l:2�������	

� (2015)
[22]  �:CJl23��e?:<2��sECo�I�
�ACo5u4E�A28e�2?5�useC�m2?u2l�
9EEAs���2:CJl23�4om�8e?:<2�2sECo��
[23]  Glover, R.  +92CA�2A��:m28e�42AEuCe�2AAl:42E:o?�5es:8?e5�AC:m2C:lJ
7oC��sECoA9oEo8C2A9J�2?5�.:5eo��sECo?omJ�
9EEAs���HHH�s92CA42A�4o�u<�
[24]  )R"+&�3J��%�(R�+0+,�&�
9EEA���HHH�AC:sm�2sECo�4om�7C�:?5eI�9Eml
[25]  +9elJ2<�,:me�oI�-seC�&2?u2l�ReG���
9EEAs���HHH�s9elJ2<�4om�HA�4o?Ee?E�uAlo25s� ��		���-
-seC1&2?u2l1,:me�oI13J1+9elJ2<�A5f
[26]  Pavlov, H.  (44uRe4��(Ae?�souC4e�ACo;e4E.
9EEA���HHH�9C:sEoA2GloG�?eE�(44uRe4�(44uRe4�9Eml�
[27]  �eE+JsEem,:me)Ce4:se�s�:le,:me�
9EEAs���5o4s�m:4Coso7E�4om�e?�us�H:?5oHs�H:?���2A:�sJs:?7o2A:�?7�
sJs:?7o2A:�8eEsJsEemE:meACe4:se2s7:leE:me�
Microsecond Resolution Time Services for Windows.
http://www.windowstimestamp.com/description
[28]  Basler ace GigE - Product Documentation.
https://www.baslerweb.com/en/sales-support/downloads/document-
downloads/basler-ace-gige-users-manual/
[29]  Pavlov, H.  Tangra: Software for video photometry and astrometry.
http://ascl.net/2004.002 
[30]  Dangl, G.  EXposure Time Analyzer - EXTA.
http://www.dangl.at/exta/exta_e.htm 

JOURNAL FOR OCCULTATION ASTRONOMY  I  2021- 1      31

Occultation Astronomy
Journal for

References


