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2  Introduction to advanced use | Outline 

2.1 Example  Sylvia: 1 event - 2 independent observing systems 
 
2.2 LED calibration Needed? 
 

   How to do it? 
 
2.3 Time accuracy Example: indirect photo flash 
 

   SEXTA tests 
 
2.4 QHY174 firmware   
 
2.5 Add. SC features Plate solving / mount control 
 

   Scripting  
     
2.6 Useful links  
 
2.7 Summary and future tasks  
   
  



http://www.euraster.net/results/2019
/index.html#1029-87 

2.1  Example | Sylvia:  1 event - 2 independent observing systems 

http://www.euraster.net/results/2019/index.html
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2.1  Example | Sylvia:  1 event - 2 independent observing systems 



2.1  Example | Sylvia:  1 event - 2 independent observing systems 

Exp. 75 ms, 
W7-64, i7 2.2 GHz 
 



2.1  Example | Sylvia:  1 event - 2 independent observing systems 

Exp. 75 ms, 
W7-64, i7 2.2 GHz 
 

Exp. 80 ms (2 Fr.), 
XP-32, 
VTI  1pps 
 



2.1  Example | Sylvia:  1 event - 2 independent observing systems 

UT 



SER, (FITS) AVI 

TANGRA PyMovie 

AOTA PyOTE 

Format 

Photo- 
metry 

Timing  
extract. 

.c
sv

 

2.1  Example | Sylvia:  1 event - 2 independent observing systems 

QHY174 WAT910 Camera 

* 

* 

No camera delay 
 

SC-SER > TANGRA: 
Time-reference: 
„Start of frame“ 
 

Camera delay ! 

Data reduction pipeline, camera delay handling 

.csv 



2.1  Example | Sylvia:  1 event - 2 independent observing systems 
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TANGRA>AOTA 

TANGRA 

TANGRA>AOTA 

TANGRA 

TANGRA>PYOTE TANGRA>PYO. 

TANGRA>PYOTE TANGRA>PYOTE 

PYMV PYMV 

PYMV>AOTA PYMV 

PYMV>PYOT. PYMV>PYOT. 

PYMV>PYOTE PYMV>PYOTE 

Deviations  ± 0.02 … ± 0.1 sec; Conf. level 95%   Deviations  ± 0.02 … ± 0.1 sec; Conf. level 95%   
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Dependence of D, R on the observation systems and reduction methods 
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2.1  Example | Sylvia:  1 event - 2 independent observing systems 
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 Seconds from 23:39: (UT) Seconds from 23:39: (UT) 

TANGRA>AOTA 

TANGRA 

TANGRA>AOTA 

TANGRA 

TANGRA>PYOTE TANGRA>PYO. 

Cooler Power=215(Auto) 
Banding Threshold=35 
Banding Suppression=0 
Apply Flat=None 
Subtract Dark=None 
#Black Point 
Display Black Point=0 
#MidTone Point 
Display MidTone Point=0.5 
#White Point 
Display White Point=1 
TimeStamp=2019-10-29T23:30:38.06 
SharpCapVersion=3.2.6109.0 

TANGRA>PYOTE 

PYMV PYMV 

PYMV>AOTA PYMV 

PYMV>PYOT. PYMV>PYOT. 

PYMV>PYOTE PYMV>PYOTE 

QHY174GPS detailed settings 

50 
ms 

50 
ms 

>AOTA 

>AOTA 

>AOTA 

>AOTA 

>AOTA 

Output Format=SER file (*.ser) 
Binning=1x1 
Capture Area=480x300 
Colour Space=MONO16 
Pan=600 
Tilt=420 
Force Still Mode=Off 
Enable Live Broadcast=Off 
USB Traffic=4 
Offset=400 
Amp Noise Reduction=Off 
Frame Rate Limit=Maximum 
Gain=460 

Exposure=75 
Calibration End Pos (Fine)=1000 
Calibration End Pos (Coarse)=0 
Calibration Start Pos (Fine)=0 
Calibration Start Pos (Coarse)=0 
GPS Calibration LED=Off 
GPS=On 
Timestamp Frames=On 
Contrast=0 
Brightness=0 
Gamma=1 
Temperature=-20 
Target Temperature=-20 



2.1  Example | Sylvia:  1 event - 2 independent observing systems 
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TANGRA>AOTA 

TANGRA 

TANGRA>AOTA 

TANGRA 

TANGRA>PYOTE TANGRA>PYO. 

Cooler Power=215(Auto) 
Banding Threshold=35 
Banding Suppression=0 
Apply Flat=None 
Subtract Dark=None 
#Black Point 
Display Black Point=0 
#MidTone Point 
Display MidTone Point=0.5 
#White Point 
Display White Point=1 
TimeStamp=2019-10-29T23:30:38.06 
SharpCapVersion=3.2.6109.0 

TANGRA>PYOTE 

PYMV PYMV 

PYMV>AOTA PYMV 

PYMV>PYOT. PYMV>PYOT. 

PYMV>PYOTE PYMV>PYOTE 

QHY174GPS detailed settings - calibrated? 

50 
ms 

50 
ms 

>AOTA 

>AOTA 

>AOTA 

>AOTA 

>AOTA 

Output Format=SER file (*.ser) 
Binning=1x1 
Capture Area=480x300 
Colour Space=MONO16 
Pan=600 
Tilt=420 
Force Still Mode=Off 
Enable Live Broadcast=Off 
USB Traffic=4 
Offset=400 
Amp Noise Reduction=Off 
Frame Rate Limit=Maximum 
Gain=460 

Exposure=75 
Calibration End Pos (Fine)=1000 
Calibration End Pos (Coarse)=0 
Calibration Start Pos (Fine)=0 
Calibration Start Pos (Coarse)=0 
GPS Calibration LED=Off 
GPS=On 
Timestamp Frames=On 
Contrast=0 
Brightness=0 
Gamma=1 
Temperature=-20 
Target Temperature=-20 
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PYMV 

2.2  LED calibration | Needed ? 

Who calibrates? … Almost no one 
 
 
And why not? … Too complicated, not to understand 
 
 
Why should one? … Exploiting the full power of the camera (µ-sec precision 
      promised  instead of ms) 
 

  … Relevant for high precision timing events 
 

  … W/o calibration there can be problems with frame rate, GPS, … 
 

  … Latest SC versions require calibration 
 
 
What affects? … Binning + Capture Area Height + 8/16bit + USB-Traffic + Exposure Time 
 
 
Is it complicated? … No ! How to do it?    



PYMV 

2.2  LED calibration | Needed ? 

Who calibrates? … Almost no one 
 
 
And why not? … Too complicated, not to understand 
 
 
Why should one? … Exploiting the full power of the camera (µ-sec precision 
      promised  instead of ms) 
 

  … Relevant for high precision timing events 
 

  … W/o calibration there can be problems with frame rate, GPS, … 
 

  … Latest SC versions require calibration 
 
 
What affects? … Binning + Capture Area Height + 8/16bit + USB-Traffic + Exposure Time 
 
 
Is it complicated? … No ! How to do it?  >>> Turn the LED  on > off  / off > on 
      



PYMV 

2.2  LED calibration | How to do it ? 

Calibration End Pos (Fine)=1000 
Calibration End Pos (Coarse)=0 
Calibration Start Pos (Fine)=0 
Calibration Start Pos (Coarse)=0 

Old calibration system: 
 
 
Extensive tests 
(„Reverse engineering“) 
https://forums.sharpcap.co.uk/view 
topic.php?f=28&t=2241&start=30 

https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&start=30
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&start=30
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&start=30


PYMV 

2.2  LED calibration | How to do it ? 

New calibration system: Auto setting of calibration parameters, only fine 
   adjustment required (since SC 3.2.6226.0) 
 
 
 
 
 
 
 
 
 
After final verification (e.g. dependencies on various hardware 
configurations) some further SC improvements are planned. 
 
Example calibrated state :           own camera   vs.  IOTA camera 
 

 Calibration End Pos Adjust     =7509411          =7509413  
 Calibration Start Pos Adjust   =14271               =14277 
 
 
 
 



2.3  Time accuracy | Example: indirect photo flash 
  



2.3  Time accuracy | Example: indirect photo flash 
  



2.3  Time accuracy | Example: indirect photo flash 
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Flash number 

Difference of flash times 
QHY174GPS – WAT910HX 
(WAT910HX camera delay taken into account) 



2.3  Time accuracy | SEXTA tests 

SEXTA (Southern EXposure Timing Array; T. Barry, D. Gault)   

500 LED 
 

Min. sweep 
time  1s 
 

Time reso- 
lution 2ms 
 

Time accu- 
racy 0.2ms 
 



SEXTA 
Reader 

2.3  Time accuracy | SEXTA tests 



SEXTA QHY174GPS test example 
Hardware 
 

Sigma Zoom 18-50mm 1:3.5-5.6 

2.3  Time accuracy | SEXTA tests 



SEXTA QHY174GPS test example; camera settings  
Orange: calibration relevant settings 
 

100ms_16bit_ 
480x300_1x1_tr3; 
30s FITS sequ. 
 

2.3  Time accuracy | SEXTA tests 



Timestamp Frames=On 

Contrast=0 

Brightness=0 

Gamma=1 

Temperature=33 

Target Temperature=0 

Cooler Power=255(Auto) 

Banding Threshold=35 

Banding Suppression=0 

Apply Flat=None 

Subtract Dark=None 

#Black Point 

Display Black Point=0 

#MidTone Point 

Display MidTone Point=0.5 

#White Point 

Display White Point=1 

TimeStamp=2020-02-23T16:02:34.9  

SharpCapVersion=3.2.6232.0 

2.3  Time accuracy | SEXTA tests 

Output Format=FITS files (*.fits) 

Binning=1x1 

Capture Area=480x300 

Colour Space=MONO16 

Pan=776 

Tilt=412 

Force Still Mode=Off 

Enable Live Broadcast=Off 

USB Traffic=3 

Offset=20 

Amp Noise Reduction=Off 

Frame Rate Limit=Maximum 

Gain=100 

Exposure=100 

Calibration End Pos Adjust=7506827 

Calibration Start Pos Adjust=9661 

GPS Calibration LED=Off 

GPS Freq Stabilization=On 

GPS=On 

SEXTA QHY174GPS test example; camera settings - default (no calibration) 
Orange: calibration relevant settings 
 

100ms_16bit_ 
480x300_1x1_tr3; 
30s FITS sequ. 
 



Timestamp Frames=On 

Contrast=0 

Brightness=0 

Gamma=1 

Temperature=33 

Target Temperature=0 

Cooler Power=255(Auto) 

Banding Threshold=35 

Banding Suppression=0 

Apply Flat=None 

Subtract Dark=None 

#Black Point 

Display Black Point=0 

#MidTone Point 

Display MidTone Point=0.5 

#White Point 

Display White Point=1 

TimeStamp=2020-02-23T16:02:34.9  

SharpCapVersion=3.2.6232.0 

SEXTA QHY174GPS test example; camera settings - calibrated 
Orange: calibration relevant settings 
 

100ms_16bit_ 
480x300_1x1_tr3; 
30s FITS sequ. 
 

2.3  Time accuracy | SEXTA tests 

Output Format=FITS files (*.fits) 

Binning=1x1 

Capture Area=480x300 

Colour Space=MONO16 

Pan=776 

Tilt=412 

Force Still Mode=Off 

Enable Live Broadcast=Off 

USB Traffic=3 

Offset=20 

Amp Noise Reduction=Off 

Frame Rate Limit=Maximum 

Gain=100 

Exposure=100 

Calibration End Pos Adjust=7509411 

Calibration Start Pos Adjust=14271 

GPS Calibration LED=Off 

GPS Freq Stabilization=On 

GPS=On 



2.3  Time accuracy | SEXTA tests 

SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 
 

SharpCap 
Screenshot 



SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 
 

PyMovie > PyOTE: dropped frames? 

2.3  Time accuracy | SEXTA tests 

PyOTE: 
TimeDelta: 0.100126 seconds per reading 
Timestamp error rate: 0.00% 



SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 
 

SEXTA reader:  Two conse- 
                           cutive frames 

2.3  Time accuracy | SEXTA tests 
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Frame number 

SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 

 

     SEXTA optical exposure  =  100ms  ± 2ms 

2.3  Time accuracy | SEXTA tests 



2.3  Time accuracy | SEXTA tests 
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SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 
 
 
 

         QHY174GPS FITS start time - SEXTA optical start time   ≤  2ms 



2.3  Time accuracy | SEXTA tests 
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Frame number 

SEXTA QHY174GPS test example (100ms_16bit_480x300_1x1_tr3; 30s FITS sq.; cal.) 
 
 
 

         SEXTA optical interframe delay  ≤  2ms 



SEXTA summary of performed tests (SEXTA temporal resolution 2ms) 
 
 

2.3  Time accuracy | SEXTA tests 

QHY174GPS 
(30s FITS sequ.) 

100ms_16bit_ 
480x300_ 1x1_tr3 

50ms_16bit_ 
1440x900_ 2x2_tr5 

40ms_16bit_ 
480x300_ 1x1_tr3 

40ms_16bit_ 
480x300_ 1x1_tr3 

20ms_16bit_ 
480x300_ 1x1_tr3 

* System: Intel i7 2.2GHz, RAM 16GB, W7 Hm. Prem. - 64bit, SSD; SC: 3.2.6232.0, 32bit, Pro; all with the same camera 
 
 



SEXTA summary of performed tests (SEXTA temporal resolution 2ms) 
 
 

2.3  Time accuracy | SEXTA tests 

QHY174GPS 
(30s FITS sequ.) 

100ms_16bit_ 
480x300_ 1x1_tr3 

50ms_16bit_ 
1440x900_ 2x2_tr5 

40ms_16bit_ 
480x300_ 1x1_tr3 

40ms_16bit_ 
480x300_ 1x1_tr3 

20ms_16bit_ 
480x300_ 1x1_tr3 

SC calibrated y y y n y 

FPS reached * 10 20 25 25 ~ 48.5 

PyOTE time-stamp 
error rate 

0% 0% 0% 0% 
0.808% 

12 dropped fr. 

* System: Intel i7 2.2GHz, RAM 16GB, W7 Hm. Prem. - 64bit, SSD; SC: 3.2.6232.0, 32bit, Pro; all with the same camera 
 
 



SEXTA summary of performed tests (SEXTA temporal resolution 2ms) 
 
 

2.3  Time accuracy | SEXTA tests 

QHY174GPS 
(30s FITS sequ.) 

100ms_16bit_ 
480x300_ 1x1_tr3 

50ms_16bit_ 
1440x900_ 2x2_tr5 

40ms_16bit_ 
480x300_ 1x1_tr3 

40ms_16bit_ 
480x300_ 1x1_tr3 

20ms_16bit_ 
480x300_ 1x1_tr3 

SC calibrated y y y n y 

FPS reached * 10 20 25 25 ~ 48.5 

PyOTE time-stamp 
error rate 

0% 0% 0% 0% 
0.808% 

12 dropped fr. 

Max. deviation 
SEXTA optical exp. / 
Frames w. dev. 

 ± 2ms 
3% 

± 2ms 
1.3% 

± 2ms 
1.2% 

 ± 2ms 
3% 

 ± 2ms 
1.5% 

QHY FITS start time 
– SXT. opt. start t. / 
Frames w. diff. > 0 

≤  2ms 
69% 

≤  2ms 
67% 

≤  2ms 
70% 

≤  2ms 
60% 

≤  3ms 
70% 

SEXTA optical inter- 
frame delay / 
Cases w/o intf. dev. 

≤  2ms 
93% 

≤  2ms 
- 

≤  2ms 
- 

≤  2ms 
90% 

- 2ms … 22ms 
90% 

* System: Intel i7 2.2GHz, RAM 16GB, W7 Hm. Prem. - 64bit, SSD; SC: 3.2.6232.0, 32bit, Pro; all with the same camera 
 
 

M. Buie, SWRI, reported analogous QHY174GPS SEXTA results („Size and Shape Constraints of (486958) Arrokoth 
from Stellar Occultations” https://arxiv.org/abs/2001.00125 ) 

 

https://arxiv.org/abs/2001.00125


2.4  QHY174GPS firmware 

Obviously, all IOTA QHY174GPS cameras have the same firmware … 
 
There is a firmware version that supports (at least) more GPS data, 
e.g. GPS_ALT …  
 
 
 
 
 
With the cameras came some hardware that could be needed for upgrade. 
However, its implementation is said 
to be complicated, see e.g. 
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t= 
2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start 
=20#p11696 

 
 
Possible future task … 
 
 
 
 

https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start=20
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start=20
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start=20
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start=20
https://forums.sharpcap.co.uk/viewtopic.php?f=28&t=2241&sid=c79cccf8a4d7133994a07845ea8f4eb9&start=20


2.5  Additional SC features | Plate solving / mount control 

SC mount control 



2.5  Additional SC features | Plate solving / mount control 

SC plate solving 

http://www.astrogb.com/astrogb/ 
All_Sky_Plate_Solver.html 

http://www.astrogb.com/astrogb/All_Sky_Plate_Solver.html
http://www.astrogb.com/astrogb/All_Sky_Plate_Solver.html
http://www.astrogb.com/astrogb/All_Sky_Plate_Solver.html
http://www.astrogb.com/astrogb/All_Sky_Plate_Solver.html


2.5  Additional SC features | Scripting 

Scripting with Pro-version only; 
Example: scheduling  https://forums.sharpcap.co.uk/viewtopic.php?t=2263 

 

#TEST SC 3.2.6212.0 pro SCRIPTING  -  Simple Sequence 
#see https://forums.sharpcap.co.uk/viewtopic.php?f=14&t=102 
 
SharpCap.SelectedCamera = SharpCap.Cameras.Find(lambda x:x.DeviceName == 'QHY174M') 
# Setup a capture limited to 60s, then 36000s wait, repeat 2 times 
import clr 
clr.AddReference("SharpCap") 
from SharpCap.UI import CaptureLimitType 
SharpCap.SelectedCamera.CaptureConfig.CaptureLimitType = CaptureLimitType.TimeLimited 
SharpCap.SelectedCamera.CaptureConfig.CaptureLimitValue = 60 
SharpCap.SelectedCamera.CaptureConfig.CaptureSequenceCount = 2 
SharpCap.SelectedCamera.CaptureConfig.CaptureSequenceInterval = 36000 
#start the capture 
SharpCap.SelectedCamera.PrepareToCapture() 
SharpCap.SelectedCamera.RunCapture() 

https://forums.sharpcap.co.uk/viewtopic.php?t=2263


2.6  Useful links 

SER-Player https://sites.google.com/site/astropipp/ser-player#downloads 

 
FitsWork  https://www.fitswork.de/software/ 

 
Skychart / CDC https://sourceforge.net/projects/skychart/ 

 
PyMovie  http://occultations.org/observing/software/pymovie/ 
 
PyOTE  http://occultations.org/observing/software/ote/ 
 
SEXTA  https://www.kuriwaobservatory.com/SEXTA/SEXTA.html 

 
  https://arxiv.org/abs/1503.05705 

 
SC Forum  https://forums.sharpcap.co.uk/index.php 

 

ADV format https://forums.sharpcap.co.uk/viewtopic.php?f=8&t=2237 

 

ASCOM  https://ascom-standards.org/ 

 
    

https://sites.google.com/site/astropipp/ser-player
https://sites.google.com/site/astropipp/ser-player
https://sites.google.com/site/astropipp/ser-player
https://sites.google.com/site/astropipp/ser-player
https://www.fitswork.de/software/
https://sourceforge.net/projects/skychart/
https://sourceforge.net/projects/skychart/
http://occultations.org/observing/software/pymovie/
http://occultations.org/observing/software/pymovie/
http://occultations.org/observing/software/ote/
http://occultations.org/observing/software/ote/
https://www.kuriwaobservatory.com/SEXTA/SEXTA.html
https://arxiv.org/abs/1503.05705
https://forums.sharpcap.co.uk/index.php
https://forums.sharpcap.co.uk/index.php
https://forums.sharpcap.co.uk/viewtopic.php?f=8&t=2237
https://ascom-standards.org/
https://ascom-standards.org/
https://ascom-standards.org/


2.7  Summary and future tasks 

Summary: 
 
QHY174GPS Stable  and reproducible in its parameters 
 
  Largely identical behavior of different individual copies 
 
  Strongly requires appropriate hardware to reach its full power 
  
  Within the temporal resolution of SEXTA  ~ 2ms  time accuracy 
 
  For occultation work only SharpCap suitable  
 
  Very careful adjustment of various parameters required 
 
  Seems to be a little less sensitive than e.g. WAT910HX 



2.7  Summary and future tasks 

Open points / proposals: 
 
Firmware Existing upgrade only provides additional GPS data (e.g.  
  GPS_ALT) or further improvements? How to get and how  
  to upgrade safely; warranty?  
 
LED-calibr. Further tests (e.g. dependencies on various hardware) 
 
Time acc. Further tests (would require a SEXTA with increased time  
  resolution) 
 
Sensivity  Comparison QHY174 - integrating cameras (e.g. WAT910HX) 
 
ADV  SharpCap  ADV support to develop 
 
Worksheet To develop for practical occultation work 
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