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Motivation 
High Time Resolution Observations of 

Transient & High Cadence Events 

Need high QE, low read noise, fast readout 

cameras 

Need precise timing 

Need multiple detectors for an array 
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Scaled up design to 2.4-m 



emCCDs solve the detector problem 

 
CCD cameras with an extra set of registers to multiply 

electrons before readout. 
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Above: Andor iXon EM+ 887 and 897 

emCCDs 

Top row from left: Photometrics Cascade 512B emCCD,  

512B emCCD w/UV enhanced, 1k emCCD,  CoolSNAP K4 

Bottom row: Supercircuits 164CEX-2, Andor Luca-S 

emCCD, Watec 902H2-Ultimate, two 902H2’s (PAL), Two 

JAI 6740GE GigEthernet 

 



emCCD Features 
CCD read noise reduced from 10’s of electrons per pixel to 

under 0.1 per pixel. Back illumination increases QE. 
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Sources: Andor iXon EM+ 897 & Photometrics Cascade brochures 

QE curves: Andor iXon EM+ and 

Photometrics Cascade 512B’s use 

CCD-97 (top curve) 

CCD Read noise drops off as em 

gain increases 



Desired Capabilities 

Full emCCD camera feature control 

Live-view of the star while recording that 

wouldn’t tax the PC 

Ability to drive multiple cameras 

Ability to record for long periods with precise 

timing and no data loss 

Recover gracefully from equipment failures 
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Some Capture Solutions 

Considered 

Micro Manager 

WinFluor 

RSImage / WinX 

ACQ4 

Andor Solis 

PVCAMTest 

 
We decided to write our own to get 
all features needed in one package. 
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Architecture 
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Triggering 

Two solutions 

developed 

Arduino-based 

Camera clock-

based 

8 



User interface 
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Main camera control                                  Live View 



Conversion – BIN2ADV 

Needed to do photometry on our 16-bit video 

Tried many packages 

Chose TANGRA – IOTA proven 

Created a converter program BIN2ADV 

Big thanks to Hristo Pavlov! 

Quickly added 16 bit support 

Fixed handling of low resolution images  

New version 3.0.100 
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Verification – Lab Comparison 
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164CEX-2 & emCCD capturing LED blinking with 1pps GPS signal, 



Verification – AVI Video Comparison 
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164CEX-2 capturing LED blinking with 1pps GPS signal, Tangra light curve 



Verification – New Capture Software 
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Photometrics Cascade 128 emCCD capturing LED blinking with 1pps 

GPS signal at 200fps, Tangra light curve with timings also captured. 



Some Results - Regulus 

 Tangra 3 Light curve made from 64x64 

RoI video @ 167fps, SNR over 10:1 
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 Regulus (1.4-mag) 512B emCCD 6-

ms C14 SCT 



Some Results - Hohenstenia 

 Tangra 3 Light curve made from 

128x128 RoI video @ 96fps. We 

covered the aperture twice at start, 

clouds came in later. 
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 Hohenstenia (12.8-mag.) on left & 

TYC5083-00898-1 (10.7-mag.) on 

right. Occultation miss 2014-07-0708 

512B emCCD 250ms 12” LX200 



Contact and further information 
 Email: d2holenstein@gravic.com, bholenstein@gravic.com  

 

 Gravic Labs Papers (source for some slide pictures):  

http://www.gravic.com/graviclabs/rd/astronomy/papers.html 

 

 Alt-Az Telescope Initiative Website: www.AltAzInitiative.org 
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