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| Preface

There is a growing number of occultation observations with digital video cameras, some of
them with integrated GPS.

The QHY174GPS (https://www.ghyccd.com) camera ist the first CMOS camera with built -
in GPS timing and in this aspect a real alternative to the usual analogue video technology.
Various worldwide occultation results are known gotten with this camera. However,
because of the complex system QHY174GPS — SharpCap (currently for occultation work
the only suitable control software, https://www.sharpcap.co.uk ) — data reduction
/photometry software, there is a deep learning curve that must be gone by the users.

In a workshop at the Archenhold-Sternwarte Berlin the basics and the advanced use of
this camera have been studied (http://www.iota-es.de/qhy174gps workshop.html).

The swiss DVTI Camera, a second camera with integrated GPS, is under development
(https://groups.io/g/d-vti-cam/).

In the meantime, questions about timestamping came up. Some tests with a SEXTA device
(https://www.kuriwaobservatory.com/SEXTA/SEXTA.html) | made in preparation for the
Berlin Workshop, some further ones in the last time.

Just now we also have a new Tangra version 3.7.2 (http://www.hristopavlov.net/Tangra3/)
with greatly improved support for digital video cameras.
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| Preface

In this tutorial Ill give some instructions how the QHY174GPS SC timestamps work
together with Tangra.

The test system used was mainly a notebook with Intel i7 2.2GHz, RAM 16GB, W7 Home
Premium - 64bit, SSD; SharpCap 3.2.6248.0, 32bit, Pro, the SEXTA device and a camera
QHY174GPS (mono, cooled). The times are usually UT.

SharpCap processes various high-precision time information provided by the QHY174GPS
camera (or, in case of no GPS, basing on the system time) and timestamps the output files
accordingly. So far ADV is not yet available, there are FITS sequences and SER format
records possible. The latter is not a dedicated occultion work format.

To fully utilize the potential of the QHY174GPS camera, LED calibration is strongly
recommended. To avoid dropped frames see the Berlin Workshop files. The GPS antenna
needs an unobstructed view to the sky.

It is recommended to activate the SC GPS-logging to check whether the GPS data was valid
for particular frames.



| For those in a hurry

QHY174GPS in GPS locked state:

The SC timestamp is the GPS *start exposure*

In GPS locked and calibrated state, with suitable hardware and approbriate SC settings
you will get an overall timing accuracy of 1...2m:s.

There are no camera delays to be considered.

Digital video cameras without GPS and
QHY174GPS without/lost GPS lock:

The SC timestamp is the frame *end time* (the time, the frame is received by SC).
However, for FITS sequences, SC provides with the header DATE-OBS an estimated
frame *start time*

The time reference is the system time (with all it’s inaccuracies).
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SC Timestamps | Overview - No GPS
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| GPS locked - Tangra FITS sequ.

In the following, a sample workflow for a QHY174GPS (locked) 100ms FITS sequence is
shown. The pictures refer to the first frame of the sequence.

FitsHeader  First frame FITS header =

SIMELE = T / Cg FITS5: 0Z/7Z3/7Z0Z0 1'?:ICI2:34 - | p
BITPIX = 1e Choose FITS Time Headers Tangra tlmlng selection
MaXTS = 1 Z / Dimensionality
MNAHIS1 = 430
MRETSZ = 300 @ Timestamp + Exposure (") Start + End Timestamps 71 Maone (Sort by Filename)
CPS5_Long= 13427805 / Longitude
=PS_SFlg= 51 / StartFlag
EB5 5T = '"Z020-02-Z3T1lw:-0Z2:-34_.0000000Z" f StartShutterT . =
_ - @ @]
cps_sv = 811872 / StartShutterMicrofecond Composition: @) Single Timestamp ) Separate Date and Time
EP5_EFlg= 51 / EndFlag
EPS ET = '2020-02-23T16:02:34_00000002' / EndShutterTi Date / Time Format Type
GPS_EU = 911807.2 / EndShutterMicroSeconds O [DATECIES ,] vyyy-MM-dd THH:mm ss FFF - [Start Bposure v
=05 _NFlg= 51 / HowFlag
'I:—'PS_N'LT - 9112807.1 f MowShutterMicroSeconds DATE—OES='EDE'D-DZ-EH-THDEHEHB?ZD';’GF‘SStartﬂa -
EPS_Lat = 52_51eleleccecc? / Latitude -
GP5_PPSC= 10000000 / PPSCounter Because of GPS-locked state
EP5_Stat= "Locked / EB5 Status % * .
ZD5_Expl= 99935.2 / Exposure (microseconds) we Choose Start Xposure™ given
EPS_DSYS= -0.00Z889 / System clock — EB5 clo .
GPS_DSTE= 562 / Time offset stable for with DATE-OBS
ERIH = 100 f Exposure Units
CPS_NI = '"Z020-02-Z23T1e:-02:234_.0000000Z" f MowShutterTi
=ES_H = 256 / Height " |EKF'T||"-"|E v| |SEI:I:||‘|I:|S v|
CPS_Topi= 2 / TempSegquenceNum
BLELEVEL- z0 EXPTIME = 0.1/ 1)
EXTEND = T / Extensions are mzrmittd i
BZERD = 32788 S
BSCALE = 1/
EXETIME = o.1 7 ‘ . _ . _
HDIHSZ = 5_B2600001335144 / Flip Vertically [ Flip Horizontaly
YTPIXS5Z = 5_.8e00001335144 /
HBINNING= s [ Pixel Value Mapping [ 0K
=S W = 496 / Width
TEINNINE= 17
|SHCREATE= 'SharplCap’ fwE_Z_6257_0, 37 bitl
DATE-QBS= 'Z020-02-Z3T1lw:-02:-34.81187z20" / GP5:S5tart Expusure‘
DEATE-EMNL= "Z0Z20-0Z-Z2T1&-0Z-24_9091158Z" 4 Svatem Clock-Frame Beceived




SC Timestamps | GPS locked - Tangra FITS sequ.

fifl Tangra v3.7 - data, FITS.16:SEQ

L = 1

Erter infarmation about used video camera and timing

Frame Actions

Camera/System |QHY174GPS -] hittps.//www.ghyced.com

The QHY174M-GP5 and QHY174C-5GPS cameras wil record the global shutter exposure
starting and ending time with microsecond precision.

Tangra camera and timing selection
Timestamping | UTC Timestamp by the Camera

The camera has access to UTC, typically wia a GPS receiver. It associates accurate time
with the exposures and sends this with each frame as metadata or via the driver.

a4

T

IMeasuring: 0 targets l

- Move to the first frame you want to measure
- Select your first target
- Press the "Add Object’ button

) Type: Untracked
Signal Method: Aperture Photometry

Backaround Method: Average Background
]

-] ) (50 (30 () o=

jWCﬂohfigu;ing:' Frame: 1 ] Display Mode ~[(0,0)=0]




| GPS locked - Tangra FITS sequ. 8

| Because of GPS-locked state
Tangra reduction = we selected *Start Exposure* given
with DATE-OBS.

Tangra light curves show *Mid-frame*
timestamps:
(Start Exp. .811s) + % (0.1s) = (Mid-fr. .861)

|2I]20 02°23 16:02:34:8118720"

SEXTA optical read
times:

Start: 16:02:34.811
End: 16:02:34.911

.....3..........
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Timing corrections are not required.

W sescesdonsss

v TGEED

be The SEXTA optical read times agree with

- the times from camera/SC.
F‘I’E-PFOZ_ESS;I'IQE ::

Timing Correcticns Details

Camera System: Digital
Video Rle Type: FITS
Camera Type: QHY174GPS

Aquisition Delay Applied: Mot Required
Acquisition Delay: -
Reference Time Offset: -

I
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16:02:36 16:02:37 16:02:38 16:02:39 16:02:40 16:02:41

16:02:34 361872

: 16:02:34.36157

O 13115
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| GPS locked - Tangra SER 9

In the following, a sample workflow for a QHY174GPS (locked) 100ms SER video is shown. The
pictures refer to the 10t frame of the sequence.

| SER TimeStamp & Exposure

Tems efarrc:

Differert SER recording software may use different time reference for the
SER timestamp. This may also b camera types.
that you know what is the comect time refemence for your video.

Eqosure: (10013 =2 ms
Calculated exposure assuming a constant frame rate and zero dead
time. Please adjust to match the actual exposure.

Camera Bit Depth: No dropped frames
Jitter (35 - 0 <~ ms

Time Source: | | Em UTC Time -
The jitter should be added as an additional source of emor in the ermor

Colour Handling: | Monochrome bars of the final report. 1t is & dto be close to zeno for UTC
o il onochreme triggered and in-camera UTC timestamps, and non-zero for Windows
Clock timestamps.

REnter SER Rle i

1.




SC Timestamps | GPS locked - Tangra SER 10

8l Tangra v3.7 - Capture 2020-03-14T22_39_30Z.ser, SER.16

File  FrameActions Reduction Tools Settings Help

Ser File Timestamp

Time Stamp: 14 Mar 2020 22:39:31.792
Reference: Start Frame

starting and ending time with mic nd p 1.
Tangra camera and timing selection

Timestamping | JTC Timestamp by the Camera

- ELENN:

rate time

ll'\;ead'y:”r Frame: 9 Display Mode ¥




| GPS locked - Tangra SER 11

3 > 5 . [=Tal =
File Frame Actions Reduction Tools Settings Help Beca use Of G PS_IOCked State

Tangra reduction 5 we selected *Start Frame*

ZUZU US T8 22009001 T 1921090 Time Stamp: 14 Mar 2020 22:35:31.752
Reference: Start Frame

Tangra light curves show *Mid-frame*
timestamps:
(Start Exp. .792s) + % (0.1s) = (Mid-fr. .842)

SEXTA optical read

times:

Start: 22:39:31.791
End: 22:39:31.891

et ests e
LA AL AL NI R RN
(A A AR R N RN N RN

a0 ees

Timing corrections are not required.

oo 223331 9 s e The SEXTA optical read times agree with
the times from camera/SC.

Timing Corrections Details -

| -10sec | | -lsec | | -1Fr | 3 4 | 1Fr+ | | Tsec+ | | 10sec+ | |._I|_||1-|p To

Camera System: Digital
Video Rle Type: 5SER
Camera Type: OQOHY174-GPS
Aquisition Delay Applied: Mot Required

Readh Frame: 9 Display Mode | (413, 157)=880

i
iTi Light Curve - Aperture Photometry, Average Background

Customize  Add-ins

31.842134

Ll I._. ]
22:39:40 22:39:45

o 22:3531.842134




| No GPS - Tangra FITS sequ. 12

In the following, a sample workflow for a QHY174GPS with GPS off for a 100ms FITS sequence
is shown. The pictures refer to the first frame of the sequence.

. Choose FITS Time Headers J@ngra t|m|n‘
@ Timestamp = Exposure () Start + End Timestamps () Mone (Sort by Filename)

Composition: @) Single Timestamp eparate Date and Time

Date / Time Fomat

fits Header First frame FITS header
T / C¢ FIT: 05 2 We have no GPS, but SC provides a

2 / Dimensionality system time estimated *Frame start*
timestamp. Using it, we have to choose

= Start *Start Exposure®.
Exposure Units

O [BXPTIME

EXPTIME =

5.880000122

/
b
/
/
/
;
/
/
/
/
/
/

f Extensions are permitted
5.8€00001335144 /

INSTRUME= '"{HY174M " /

END

Fip Vertically  [] Flip Horizortaly

Pixel Value Mapping

]




SC Timestamps | No GPS - Tangra FITS sequ.

ﬁﬁ Tangra v3.7 - raw, FITS.16:SEQ

File  Frame Actions Reduction Tools Settings Help
Cther camera not listed abowve with or without intearated GPS receiver.

Tangra camera and timing selection

2020 05 03 21:48:21:071
ized to UTC by esdemal sol

£ r. The n vare is uging the Windows C
the recorded frames as they are received.

Acquisition Delay miliseconds |
[

=]
-~ 214821 Y4

Readyr‘ Frame: 1 Display Mode ¥




| No GPS - Tangra FITS sequ.

__ angra v3.7 - raw, FITS.16:5EQ

File  FrameActions Reduction Tools Settings Help

Tangra reduction

$33 SEXTA optical read
times:
Start: 21:48:20.981
End: . 21:48:21.079

L
(L

2148en 4

|-1Fr| || |1Fr+|

Ready Frame: 1 | Display Mode | (36, 123)=1472

Tracking:  Untracked

Jump To

iTi Light Curve - Aperture Photometry, Average Background

A . A

AnN

21:48:25 21:48:30 21:48:35

020-05-03T21_48_21Z_00001 fits

Signal-minus-Backy

21:48:40 21:48:45

01845784

S/N =041

Include Objects ~

14

Without GPS, the in-frame timestamp
refers to the system time frame received.

From DATE-OBS, the estimated
*frame start® time is 21:48:20.971

Tangra light curves show *Mid-frame*

timestamps.

Timing corrections are not considered.

The system time based SC timestamps
are ~10ms behind the SEXTA optical

read times .

Timing Corrections Details

Camera System:
Video Hle Type:
Camera Type:

Digital
FITS
QHY174GPS5_GPS-OFF

Aquisition Delay Applied: “es

Acquisition Delay:

- 21:48:21.021727




REnter SER. File It

Camera Bit Depth:
Time Source:

Colour Handling:

| No GPS - Tangra SER 15

In the following, a sample workflow for a QHY174GPS with GPS off for a 100ms SER video is
shown. The pictures refer to the 10t frame of the sequence.

16 - | bpp

Embedded UTC Time -

Maonochrome

|SER TimeStamp & Exposure

Time Referenc:

Different SER recording software may use
SER timestamp. This may also differ bet
that you know what is the comect time refemence for your videa.

Exposure: | 100.01 = ms
Calculated exposure assuming a constant frame rate and zeno dead
time. Please adjust to match the actual exposure.

Dropped frames
Jitter (3—0) - 11.1/ ms

The jitter should be added as an additional source of emor in the emaor
bars of the final report. It is expected to be close to zero for UTC

Clock timestamps. 2




SC Timestamps | No GPS - Tangra SER

16

Eﬁ Tangra v3.7 - Capture 2020-05-04T18_05_43Z.ser, SER.16

File  Frame Actions

Reduction Tools Settings Help

Ser File Timestamp

Time Stamp: 04 May 2020 18:05:44.358
Reference: End Frame

2020 05 04 18:05:44:358

Ready | Frame:9

Copy

180544 §

Display Mode ~

mera and Timing Corrections

era and timing

milliz:




| No GPS - Tangra SER 17

e Frame Actions  Reduction Tools Settings Help

Without GPS, the in-frame timestamp
Tangra reduction 5 refers to the system time frame received.

2020 05 04 18:05:44:358

1

SEXTA
Start:
End:

opt. read times:
18:05:44.273"...
" 18:05:44.373

Tangra light curves show *Mid-frame*
ZGIZEPEMTW_DE_-GZ.SE t i m e Sta m p S .

LA A A R RN NN N
. LA L A L A R E N R R R Y Y
L AR L R R NN

(L RN XN N

Timing corrections are not considered.

ee 180544 S

The system time based SC timestamps
are ~15ms behind the SEXTA optical
» read times.

|-1ﬂ55|:: | |-1sen: | | Fr ‘ B | 1R | [ 1sece 1ﬂseu::+| |‘_I|_|mp To

Timing Corrections Details

Ready | Frame:9 Display Mode | (412, 145)=88 —

Camera System: Digital
Video Rle Type: SER
Camera Type: QHY174GPS5_GPS-OFF
Aquisition Delay Applied: Yes
Acquisition Delay:

e Data Customize Add-ins

ULJ LA L LI LI LI UL

18:05:45 18:05: 50 18:05:55 18:06:00 18:06:05 18:06:10

18:05:44 308481

- 18:05:44.308481
Frame Mo:

Time:

Signal-Only ~ Mo
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