Review of Alcor-System’s Cyclope Seeing Monitor

By KEN KATTNER (ken@kattner.org)

What is “seeing” and why do we care?

In 2010 I built a remote observatory in the TexdsEbuntry. The main telescope is an RC Optical
Systems 16” carbon truss. The observatory is rolamid can be controlled over the internet which ha
expanded my opportunity to image whenever the sklesr. | used to hope for clear moonless nigimns
would watch the clear sky clock and weather forecaSome nights, although clear and bright, wessnal
and disappointing. The images were fuzzy and stare bloated. Although this occurred infrequenitly
wondered why.

Before installing my telescope, | had studied a benof articles about focal length, image scale lama to
optimize those for efficient imaging, but now | weeeing those interactions for myself. My focalgih is
about 3,620 mm and my pixel size is 9 microns ymgjcin image scale of approximately 0.50 arc sesond
per pixel. | gained experience that some nigtitspagh clear with no moon, were no good for imggirh
began consulting the clear sky chart and jet stréat@ for my location and discovered a correlation
between the “seeing” predictions from those souarebswhat | was experiencing with my telescopea, S
what is “seeing?”

Think about a penny at the bottom of a swimminglpdde penny is difficult to see clearly because t
water is refracting the image - the penny is wabyits and moves, with short moments of clarityouN
look up into the night sky. The same thing is leappg. The atmosphere is a turbulent mass ohatr t
refracts the light from stars and deep sky obje€tss turbulence is primarily caused by tempematur
differences in the Earth’s atmosphere that creati@ations in the optical refractive index of thenasphere.

The atmosphere is composed of cells of differemiperatures that refract light differently. Althdustars
are point sources of light, viewing a star throogh atmosphere will make it appear to jump aroumdi a
even twinkle as the light is refracted through éhdsferent temperature cells. So, seeing meansvieiv
you can discern astronomical objects through théhEaatmosphere as it refracts the light from #hos
objects on a particular night and location. Howyda measure “seeing?”

Although a star is a point source of light, the @sphere will refract and blur the star making pegr like a
disk with a real diameter. Your telescope doestme thing through refraction and yields the “dligk.”
Measuring seeing means to ascertain the best possigular diameter of that point source of ligthiaved
by the particular telescope on a given night adtion. Of course, when measuring angular diaraeter
the celestial sphere we use measures of arc. Wnes) measuring the seeing, we use arc seconds to
represent the angular size of the fuzzy blob ofstiae seen through the telescope. The best dmsatin
Earth give a seeing disk diameter of 0.4 arc sezoderage seeing conditions in North America Gamge
from 1 arc second (or below) to 5 arc seconds. Hoes seeing affect viewing through telescopes of
different focal lengths?

The ultimate resolution of a telescope is genetalyught of as its diffraction limited resolutiondais
inversely proportional to the diameter of the tetgme. The more aperture you have, the greater the
telescope’s theoretical resolution. If the telesgdpwever, has a resolution greater than the géeiarc
seconds, then some of that resolution is wastéa s€eing will limit the resolution. This is wlayge
aperture telescopes don't fare as well on nightgoof seeing — the larger aperture (and resoluison)

1



wasted. This was an important realization for rtid.could obtain an accurate measurement of dlall
seeing on a given night, | could make a more infmirdecision about whether to image that night.s Was
even more important to know if | intended to imagmotely. | started to investigate what
hardware/software systems were available to aneamastronomer for measuring the seeing.

The Alcor-Systems Cyclope seeing monitor

At the 2015 Advanced Imaging Conference (AIC) hirl&an Jose, | met Cyril Cavadore from Alcor
Systems, which is based in France. Cyril is anregg in Opto Electronics, obtained his PhD in CMOS
image sensors and has been involved in astronostryimentation for more than 25 years. Alcor Sy&em
products include all sky cameras, direct drive nte@amd seeing monitors to name a few. As to soéwa
they make th&rism astro-imaging / planetarium software package ¢hatrun all aspects of an
observatory.

At AIC, Cyril was demonstrating Alcor Systems’ segimonitor product, aptly named “Cyclope.” | was
intrigued by the demonstration of the Cyclope sysbecause it is well built and employs a CMOS digit
video camera system capable of very high framesratkich improves accuracy in measuring the seeing
and provides a real time computation of the seefgo, the system has weather monitoring and &eldea
front window for the camera. The Cyclope systemloa ordered with either a USB or Ethernet intexfac
Each system is built to order, specifying the tgpeterface and length of cabling needed. Ulthatl
placed an order for an Ethernet version.

Theory/principle of operation

The video camera housing is mounted in an altitade that can be adjusted depending on your latitud
The camera must be polar-aligned with the camgeaifon Polaris.



Polaris is moving around a circle with a radiu®af5 degrees from true north. The camera haddadie
view of 3.6 x 2.5 degrees, and therefore, Polallis@main within the camera’s field of view durirzgfull
24 hour rotation of the Earth. This means no tragks necessary for the Cyclope system to conliyiua
monitor a star in order to determine the seeintgo APolaris is bright enough aé2nagnitude to allow its
position to be measured at 50 to 60 frames pemse(id125 second exposures) even through a griéen fi
(550nm). Using Polaris for seeing measuremergfféstive from latitudes ranging from 90 degreestho
down to 25 degrees North.



‘ : - The tip tilt
motion of Polaris is measured 50 to 60 times peorseé and the Cyclope software computes the se¢ing a
the altitude of Polaris and also computes a zes@thing condition based on these measurements.toDue
the high frequency of these measurements and thk gixel size of the video camera, Alcor-Systems
maintains that the Cyclope system is much moreratethan other seeing monitors, especially in
conditions where the seeing is 1.5 arc secondsveerl

The benefits of the Cyclope system mentioned byARystems include robust, all weather-use
construction which limits vibrations that can impsgeeing measurements, better measurement accuracy
because the camera utilizes more pixels with alemgikel size, high frame rates that allow thetegsto
accurately measure very low seeing (below 1.5 ecorsds), Ethernet or USB interfaces, and automatic
heating of front camera window to prevent dew osfr

Alcor-Systems has undertaken studies to comparadtigracy of the Cyclope system to a differentrage
motion monitor (DIMM). A DIMM system employs a duaperture mask over a telescope’s aperture.
Images are recorded and the variance of the casdirfor the two images is used to compute thegeei
using a turbulence model. Based on Alcor-Systestuidy, the Cyclope System achieves seeing
measurements nearly identical to a DIMM system.réMoformation about the study can be found at this
link http://www.alcor-system.com/new/SeeingMon/Cyclopalh

Installation Hardware and Software

Hardware and software installation was relativelgyeand the manual had clear instructions for liirsga
the software and polar aligning the camera.

An important requirement for the hardware instalais a mounting location that is very sturdy.thé

Cyclope is mounted on a building or other locatiwat is subject to movement from wind or vibratitren
you will be measuring that movement instead ofsiseing. | decided to make a metal pier and attaeh
pier to a concrete footing. | did this for severedsons. The metal pier provides a heavy andystupunt,
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the pier is adjustable in azimuth to aid in polégranent and the pier is relatively tall at 5 féeiget the
Cyclope further away from ground level temperatur€are was also taken in constructing the pier and
footing to make sure the mounting bolts were aligteetrue north to minimize the final azimuth aatitude
adjustments after installation of the Cyclope on fer.

The Cyclope is located near the observatory anchéling was run underground through conduit and
lightning protectors into the observatory. | dediéd a relatively modest computer (Intel NUC rugnin
Windows 7) to the Cyclope to allow the softwareun in a solo environment. The Cyclope has three
waterproof DIN connectors. The three connectionsige power and serial line, an Ethernet connactio
and a final connection for a temperature and hugnginsor. The serial line provides data commuiaica
for the temperature and humidity sensors as welbagrol for the heated front window. The Etheivet
connects the camera for control and image acquisitirhe temperature and humidity sensors arelledta
on a bracket that is mounted on the side of theecam

The Cyclope system comes with a full suite of safey including video drivers, image capture sofeneand
the Cyclope control software. Using the softwainfigured the camera with a fixed IP address and
installed the Ethernet camera video drivers anattimérol software. Software installation was easg
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painless. Once the software was connected toaimei@, | waited for night fall to make the finalqoo
alignment and initialization.

The Cyclope control software has a nice user iaterto aid in fine tuning the polar alignment. Ostart-
up, the control software starts the camera and sleogurrent video image with an adjustment overlBye
overlay is a circle with true north at the cent&he circle around true north indicates the patRafris.
The overlay also has a target reticle along theuaiference of the circle and this is where Poktiisuld be
centered.

Setup Camera Hester Control

Man | Canviea conlicls  Statis

B Encble seeing measuements
Mumbes of Meassements (3000 %

Pumibes of Measwements = 0

UTC 08/07/2015 20:43:27.8 . Video sioe changsd to: 2532« 1344

When | started up the camera for the first timeguld see the image of Polaris near the targefieatihich
required an adjustment of the azimuth and latinfd&ie Cyclope camera on the pier until Polaris was
centered in the reticle. Once done, | tightenedlughe bolts on the pier and mount. This onlg tabe
done once. The Cyclope manual has detailed irtgingcon how to make this fine polar alignment.

Once polar alignment is complete, there are a filn@rcsoftware settings that should be made, inofudi
your longitude and latitude, the gain of the canserd exposure interval and ftp upload server and
password. Also, the number of tip-tilt measurerseatbe obtained prior to computing a valid seeing
measurement can be set. If the camera is runhibg miames per second, setting the number ofltip-t
measurements to 3000 will yield a computed seeahgevevery minute.

The manual gives suggestions and advice for thetiags. | found the manual to be informative and
sufficient for both the hardware and software ittestian



Features

The Cyclope housing weighs 9.5 Kg and is very $pkdnstructed using high grade, colorless anodized
aluminum components and stainless steel socketdegadcrews. The system is watertight and has
watertight connectors and is designed to operatéregmusly outdoors.

The control software has a number of featuresdarapolar alignment and camera set up. Oncedheeca
is polar aligned, measurements begin automatiealth night. The Cyclope software has a main screen
where the video exposure and gain can be adjukiagd with a current video showing the target star
measurements and histogram.

The Cyclope software automatically begins seeingsueements when the sun is below the horizon and
when the stars are visible. The system allowsiffeg to set the number of degrees the sun mustlbes
the horizon for seeing measurements to begin autoafig. In addition, the user can set the maximum
seeing threshold and measurements above that anvduiné discarded.

The control software includes a status screen atitig the last measurement in arc seconds at tia¢ lo
Polaris position and the zenith as well as a ctneleo screen showing the live, rapid-fire measwests of
the target star. Each zenith seeing measuremsturied in a data file that can be examined &idr
imported to a spreadsheet for further analysis.

& Mini_Cyclop Software - Version 1.1.10 build 54
Setup Camera Heater Control
Main | Status
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UTC 1472017 52715 AW 7 - Seeing Zen. Ok - 1.17 arczec El

640 x 480 Frames : 142862 63.2 fps 1/64s 32959 samples @10 ADU X=297 ¥=254 -> R=7 V=7 B=7 Dropped Frames : 66615

In addition, the status screen gives a computatid® or the Fried parameter, named after David L. Fried.
The Fried parameter is a coherence length — caraater. For telescope apertures smaller thahdR
imaging resolution is determined primarily by th#rdction limit of the telescope. In other wordke

seeing won't interfere with the telescope achiedmgsolution approaching its diffraction limit.f €urse
with a telescope that has an aperture greaterttteaR parameter, atmospheric turbulence will prevent the
telescope from achieving its diffraction limit. hmy case, with 406 mm in aperture, | would needngge
around 0.40 arc seconds or better to reach myadtfn limit.

The control software also includes a plot windoat throvides graphs showing the current night'srggei
over time, the prior night’s seeing over time, It 3,000 tip-tilt measurements for the curreeirsg
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computation and star lux level. The star lux lagdielpful to indicate clouds if the lux level dsofmo low.
Each of these graphs can be adjusted with respélet time frame over which measurements are plotte
In addition, the ftp feature of the control softevavill upload these graphs to a web site for puthisplay.

Zenith Seeing plot | Flux plot  Latest Seeing Motion Data  FFT motion analysis  Latest FWHM Data  Star Intensity  Last Might Seeing
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The system has four temperature sensors and twalyrsensors to monitor internal and external
temperature and humidity and to control heatinthefcamera window to prevent dew from forming.
Control of camera window heating is user defineselleon temperature and humidity thresholds that are
relevant to the location of the camera. Onceetlileesholds are set, the system will monitor detsi
inside temperature and humidity levels and coritrelcamera window heating system automaticallye Th
temperature and humidity readings are stored ita file and the control software provides a graghi
interface showing this information over time. Wsihe control software’s ftp upload feature, the
temperature and humidity graphs can be uploadadameb site for public display.

Operation and Monitoring Results

| have been running the Cyclope seeing monitoafmut a year now and am quite pleased with its
operation and the insight it provides about my ll@eging conditions. Alcor-Systems has been hkipfu
answering any questions I've had about set up anfiguring the camera options.



My Cyclope seeing measurements closely correlate pvedictions from my clear sky chart and fromtgla
solves with my telescope and camera, however, tirereome nights when the Cyclope system indi¢h&es
seeing is appreciably better than what the cleachhrt predicts. This is good news so | don’tsmiat on
an imaging opportunity.

At my location, the seeing fluctuates dependinghenseason. For example, during the spring, timges
variable, but in the summer it improves becomingy\atable. This is due to high pressure systettiagi
over Texas pushing the jet stream north. Seeingglthe summer is excellent and sometimes drojmbe
1 are second. The average seeing during the sumretween 1.2 and 2.5 arc seconds.

With the Cyclope system, it is also interestingviich the seeing change during the night. Sontgsife
seeing will vary periodically in an up and down keyandicating waves of turbulent air that come god
every two or three hours. This insight is usefbkew examining individual sub frames later — it lsaipe
understand whether there was an equipment or fo@idem or simply deterioration in the seeinglsba
like having last night’s seeing graph to comparthtocurrent night.

Now that | can “see” the seeing, | watch it cargfahd it's the first thing | do when preparing fanight of
imaging. | always have great expectations whehtrfagls to get those first few seeing measurements

If you want to see for yourself, you can view mgisg monitor web page with live updates every night

http://putmanmountainobservatory.com/seeing-mohitor
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