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In this talk ...

➢Can Irradiated light length be converted to pixel brightness?
->  IPPS LED can be used to time correction. 
->  Mechanism for obtaining event time. 

➢Time keeping software HACSTIP-GPS.

➢Deciding frame exposure length from preparation video 
records with xml prediction file.

➢Limovie’s reporting function.



Analog video camera with video time inserter

• With the analog camera used until about 2018, the time inserter provided 
accurate time with an error of less than 1 millisecond.

• In 2019, Japanese observers began to use “non-GPS” CMOS cameras, and 
the first challenge was how to obtain the time base.

Center of frame exposure 
as the representing time of frame

ZWO 290MM (rolling shutter type) has high sensitivity and high speed exposure, additionally it is not expensive. 



Time stamp on CMOS camera recorded

Except for the camera with built-in GPS...

(e.g. ZWO non-GPS camera etc.)

• If there were no “delay” as described next, 
the timestamp would indicate the time when 
the frame exposure ended (or started, 
depending on the software version)...

• In fact, the time stamp indicates the time 
that the end of processing on capture 
software. 

• We often see some fluttering or temporary 
delay and recovery. 

Average Time Advancement

⚫ : Difference between frame 
timestamp and average advance

➢Correction with another accurate signal is necessary.

➢1PPS LED was expected to be a solution…



On CMOS camera, when received light flux changed to half... 
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= +0.75 mag

5.78 mag

6.53 mag

Star’s pixel value will be half.

Thinking about how to use the 1PPS LED for time correction.



Then, if received light LENGTH will be half... 

➢Can length be converted to 

star image’s brightness?

irradiate  length is

5.03 mag
1
─
2

Is it really recorded at 1/2  value?

frame frame frame frame
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frame frame frame frame
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Is it really recorded at 1/5  value?



Frame rate and recorded 1 PPS of LED light.
When the frame rate is an integer (case A, case B), there is no change in light intensity, but ...

When the frame rate is not an integer, the irradiate length increase/decrease at 
a constant rate.

LED light exposed to the frame and its change

➢We can confirm the question on this experiment.

The orange area is the length of light recorded in a frame, per second



➢1PPS LED light irradiates from telescope aperture. 

The camera receives light almost 
entirely pixels on the sensor

➢This time equipment can irradiate the side of sensor. 



IPPS LED and Sound intensity 
recorded on analog video frame.

Miyashita et. al. (2005)

We had that answer in 2005.

0

0

The sound signal gradually enters the frame. Intensity of LED has increased.

Can length be converted to LED image’s brightness?

Increasing almost 
in proportion to 
time.



More accurate confirmation with CMOS video camera

• Figure is the case of 490msec frame 
exposure.

• When there is not any saturate pixel, 
brightness value decreases or 
increases in proportion to irradiation 
length.

• The cross point of calibration line and 
X axis is the time that the end of frame 
exposure is coincide to accurate UTC 
second. 

LED light irradiates entire of 
frame exposure.

➢Length (event time) can be 
converted to LED/star image’s 
brightness.



Rolling Shutter Camera (ZWO290MM) records 1PPS LED 

→ Time →

Blank: Rolling shutter camera … very short (1msec or shorter.).
           Global shutter camera … rather long (a few milli seconds)



Application for time correction of observation video

Calculated time adjustment from 
calibration line. 

Correction error from one calibration 
line. 

• Figure is the case of 
490msec frame exposure.

Aperture for LED should be set on 
same height as target star. 



Time error estimation obtained from experiment on PC.

The relation of N/S ratio and estimated time error had been obtained from one thousand 
number of experiments( on each N/S) were done on PC. 



Occultation maker
using 1PPS signal of 
GPS receiver  & Binary Counter.

It makes “occultation event” that 
occurs on accurate UTC second.

8.000 sec

➢ Time values are 
obtained almost 
within the 
margin of error.

➢ I’m planning  to 
do this 
experiment in 
various noise 
(especially large 
noise) situation.

➢ Counter makes time delay on binary counting. This 
74H4020 counter’s delay is nano second order.  -> 
It is accurate enough for this analysis.



Corrector for PC Time … HACSTIP-GPS
How Accurately Can we Set Time on PC with GPS?

GLONASS system provides “historical leap 
second information” every seconds. 

Ublox M8 or later, and MediaTek 33xx GPS 
engine can use GLONASS, and they don’t 

have any LEAP SECOND PROBLEM.

This software  
corrects PC’s 
system time 

with 0.2 msec 
(or smaller) 
accuracy. 

It is realized by 
using 1PPS 

signal via DSR 
line.

➢Time keeping

✓ In past (up to 
the beginning 
this year) 
quite a few 
observations 
had GPS leap 
second 
problems.



Making report automatically

Fitting to 
diffraction simulation 

Analyzed event time

Reporting function

Light curve data in .dat text format 

for regional comunity xml report

Reducing the burden on the collection 
business is one of its goals.



For planning an observation...
Created a function to estimate the error of an observation.



• Using the information in the 
xml forecast file, the value 
of the frame exposure time 
can be determined by 
comparing the estimated 
time error calculated from 
the S/N of the preliminary 
observation with the orbit 
forecast error.

One other thing..

When many downward pointing points like 
this appear, there is a high possibility of a 
tracking error. The error will be even higher 
than the error calculated by the analysis 
software. It is better to perform photometry 
again to ensure good tracking.



• I will investigate the error estimation issue, and improve Limovie / HACSTIP-GPS
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