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An occultation beginner story…

• 19th Feb 2023 - 17km diameter/path asteroid(785) 1991 PK8 occults 40 
Leonis for 1.5s


• No Camera


• Zero experience


• Find equipment (none ideal)


• Figure out the method


• Best practice older analog camera with GPS timestamp



Learnt…

• Scientists need this data


• Amateurs are a resource


• Very rare events


• One shot deals



Deployment…

• 4 Calgary RASC members


• 1 iPhone + screen timestamps


• 1 iPhone + Arduino GPS Flasher


• 1 QHY GPS Cam


• 1 ZWO Planetary Cam + iPhone flasher



Following week…

• Learn the software to analyze light curve


• Figure out accurate time stamping on all videos


• Submit reports



Problems encountered 1…
• Cell phones have variable frame rates


• QHY required a frame update that was problematic


• EVScope Raw Video


• Timestamps on video are only accurate to 1 second


• 50-200ms best case for phone


• Poor video


• Compression


• Saturation


• Timing



Problems encountered 2…

• Software is complex


• Best hardware setup


• Extensive help


• I would forget for next time (took notes)


• Difficult to get right / high anxiety


• Expensive hardware for single use



Results

• Impacts quality of scientific data


• Data is being collected, no direct feedback, errors persist


• Missed opportunities


• Barrier to adoption


• Analog is going away


• Timebase accuracy



Wish list
• Something cheap and easy to repair


• Double duty


• Make more, share with friends


• Does the heavy lifting


• Switchable Cameras ($50 USD)


• Like ASI Air / Nina / Stellarmate / AstroBerry


• Global Shutter


• Accurate Timing


• Single unit, connect via wireless



Wish list - 2
• Public Outreach (hook up external display)


• Build your own camera (ideal for beginners for being “vested”)


• Easy, consistent, QA



Astrid (ASTro Imaging Device) - 1
• Single Unit (Raspberry Pi 4 + Camera + Timestamping)


• Plugs straight into the eyepiece or can be attached to a DSLR lens


• Wireless connection (VNC, possible iPhone app later)


• Occultations or Astrophotography


• OTERecorder app designed for occultations


• OTEStamper Board (only needed for occultations)


• Global Shutter



Astrid (ASTro Imaging Device) - 2
• Highly accurate timing (Frame pulse and LED)


• Written in Python


• Open Source


• 12V DC Supply (Lithium, Lead Acid)


• Switchable Camera Sensors


• Occultations or Astrophotography


• Mono or Color



Astrid (ASTro Imaging Device) - 3
• Goto


• Plate Solving


• Polar Alignment


• Designed for the Task


• Automation, Planning


• Download Occultations


• Reduce User Error


• Audit Trail



Astrid (ASTro Imaging Device) - 4
• Raw Data (no compression)


• Frame Triggered


• Saturation Detection


• Custom File Format: RAVF (AVD on spec update)
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ASTRID

Astrid Overview

Computer 

Raspberry Pi 4 8GB (4GB?) 
SD Card and 

USB 3.1 Flash Drive 

Camera 

Global Shutter Camera 
Rolling Shutter Camera 
Possible Alternatives 

OTE Stamper 

GPS - 1PPS 
Dedicated MicroController 
LED Flasher (Verification) 



ASTRID Software

Software Overview

Astrophotography 

Dithering 
Multiple Subs 

Histogram 
Auto Stretch 

General 

Plate Solving - astrometry.net 
Polar Alignment (custom) 

Goto (Catalogues) 
Mount Control - indilib 

Mount Sync 
Focus - indilib OTE 

Flux 
Stars of Interest 
Timing Accuracy 
No Compression 
Planning Support 

Countdown 

http://astrometry.net


Camera Sensor - Which Sensor?



Camera Sensor - IMX296 LL (Mono)



Camera Sensor - Versus IMX174



Camera Sensor - The QE Trap
Pregius Gen 1 

IMX174 QHY GPS
Pregius Gen 2  

IMX296 - ASTRID

Source: https://scientificimaging.com/knowledge-base/quantum-efficiency-and-spectral-
responsivity-of-scmos-and-cmos-imagers/



Camera Sensor - Starvis
Starvis 

Source: https://scientificimaging.com/knowledge-base/quantum-efficiency-and-spectral-
responsivity-of-scmos-and-cmos-imagers/

Pregius Gen 2  
IMX296 - ASTRID



Current status
• Talking to AM5 mount and NexStar SE (newer)


• Plate solving


• Polar Alignment


• Goto


• Meridian Flip


• Occultations


• Astrophotography


• Firmware for OTEStamper (GPS, LED, Frame Trigger)



Testing so far
• 1 Occultation


• M101, Elephant Trunk, M3, M81


• Global Shutter and Rolling Shutter


• Polar Alignment, Plate Solving, Goto work


• Minimal User Interface Currently


• 6 OTEStamper Boards Built
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Occultation - (1337) Gerada - 10.7 Mag 3.3s



Occultation - (1337) Gerada - 10.7 Mag 3.3s



Light Curve



PyMovie Demo
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Elephant Trunk Nebula 2023-05-23

30 mins - Redcat 71 350mm

M101 2023-05-23

60 mins - Redcat 71 350mm

Supernova 2003ixf

HQ Camera (Rolling Shutter)



M101 2023-05-15

12 mins - Redcat 71 350mm

Elephant Trunk Nebula 2023-05-15

17 mins - Redcat 71 350mm

M81 2023-05-15

25 mins - Redcat 71 350mm

M3 2023-05-15

12 mins - Redcat 71 350mm

GS Camera (Global Shutter)

Forest Fire Smoke

Forest Fire SmokeForest Fire Smoke



OTEStamper
• GPS with PPS


• LED (next to sensor)


• Frame Trigger - 40.3ns


• Timestamp accuracy - 1.25us


• Forgiving 12V DC Power supply (reverse polarity protection)


• Switchable fan (vibration)


• Easy no cable firmware updates via Raspberry Pi



OTEStamper



OTEStamper - LED (Timing Verification)



OTEStamper

Prototype 3D Render CNC’d Prototype Timing Jitter Testing



Case

• 3D Printed


• Other options (Hyperstar)



Astrid Live Demo



Status

• 6 Boards Built (4 allocated) - Steve Preston, Bill Yeung, Testing x 2


• Occultations Working


• General Astrophotography Working

Current

Future Work
• Development In Progress


• User Interface Improvement


• More Mounts



Thanks
• Steve Preston


• Bob Anderson


• Hristo Pavlov



Questions / Contact

Mark Simpson
Twitter/Facebook: @ChasinSpin


