Keo Scientific Field-Site Practices v1.3

GOOD FIELD-SITE PRACTICES
Many of us graduated from institutions with long-standing traditions in the fields of optical airglow and aurora. We
absorbed the “tricks of the trade” as if by osmosis, things rarely written down. However, the times are changing. There is
a recent emergence, in several nations, of newly-created research groups focussing on optical work, and a brand new
generation of brilliant young scientists who have never had the hands-on field training, provided by highly experienced
senior advisors, that many of us took for granted.
In response to popular demand, Keo Scientific Ltd are pleased to offer some basic guidelines which we hope will be of
some use when planning the construction or preparation of a field site observatory at which optical instrumentation —
e.g., imagers, spectrographs, photometers, and interferometers — are to be deployed and operated. There are several
important considerations to keep in mind, and the following is largely based upon our own personal field-experience in
the area of auroral and airglow photometry. Other research groups may have different ways of doing things, established
ways that work very well, and none of what follows is meant to criticize or supersede that — these are suggestions only.
Some of this information may seem trivial or elementary to some, but it is included here because we have learned
through actual, hard experience that we cannot afford to presume that something is intuitive or that it “goes without
saying”.

1. SELECTING THE LOCATION OF AN OBSERVATORY
Selecting a proper location from which to make airglow or auroral observations is of paramount importance, and this is
where the most expensive mistakes are sometimes made. Some factors that need to be considered when choosing a
location for an observatory are as follows.
LIGHT POLLUTION
Always keep in mind that a site that is suited for a riometer, magnetometer, ionosonde or incoherent scatter radar is not
necessarily well-suited for the deployment of optical instrumentation.
Optical instruments designed for studying airglow and auroras are extremely sensitive to light and should only be
deployed at sites far removed from the light pollution of nearby cities and street lights (such as, high-pressure sodiumvapour lamps). Light pollution, whether direct, reflected or scattered, will severely degrade the quality of optical data, and
some sensor technologies may even sustain permanent damage from exposure to bright sources of light.
The World Atlas of Artificial Night Sky Brightness 1 can in some situations be a very useful resource.
UNOBSTRUCTED VIEWING
A location with an unobstructed view of the 360-degree horizon, or at least providing largely unobstructed viewing over a
160° hemisphere, is recommended, especially in the case of all-sky (fisheye lens) imaging. Some trees, antennae, and
masts (preferably without aircraft warning lights) are acceptable. A nearby LIDAR may be acceptable as well, in some
cases. Aim for deployment at relatively high ground, for best “seeing” and in order to avoid mountains or hills obscuring a
scientifically interesting portion of the fisheye field-of-view (such as, the northern horizon in the arctic auroral zone).

1http://advances.sciencemag.org/content/advances/2/6/e1600377.full.pdf
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We recognize that it may be desirable in some cases to deploy the instrument in a valley or at the bottom of a berm or
hill, in order to help block against light-pollution from a nearby town. This especially in cases where the scientific
usefulness of data acquired at large zenith angles (i.e., nearest the horizon) is considered inferior anyway, due to Van Rijn
and other line-of-sight effects.
SCOUTING OUT POTENTIAL SITES
We typically recommend commencing and terminating operations at nautical dusk and nautical dawn, respectively
— i.e., when the sun is geometrically 12 degrees below the horizon. In order to verify the “optical viability” of a candidate
site between those times, we recommend bringing a DSLR camera equipped with an inexpensive fisheye lens to the
proposed site. Mount the camera on a tripod and point it into zenith, and acquire long-exposure images (15-30 second
exposures, high ISO) once every 30 minutes for a few entire nights during which atmospheric conditions (“seeing”) are
typical or reasonably good for the locale. This is time consuming work, but in our experience very much worth the effort.
(Image acquisition can often be conveniently automated by using gphoto2 software 2.) Run the resulting image series as
movies, and watch for permanent or intermittent sources of light pollution in the scene over the span of entire nights,
dusk to dawn.
Also, being fully apprised of any future land-development plans for the surrounding area prior to making a decision and
commencing site construction is of crucial importance. This in order to avoid the expensive mistake of erecting an
observatory in a location and later having to relocate due to an encroaching city or the construction of an outdoor sports
arena next-door — we have seen a few unfortunate instances of this in the past.
The particular scientific objectives and attendant measurement requirements — especially the required sensitivity, field of
view and look-angle — must be carefully kept in mind when deciding upon the location of a new field station. The
research programme’s Principal Investigator must be intimately involved in the process of determining field-site selection
criteria.

2. INFRASTRUCTURE
Once an optically viable location has been picked for the observatory, emphasis must be placed on providing the
instrument with a safe operating environment, conducive to gathering the highest-quality data.
INDOOR OPERATION
Scientific optical instrumentation is typically designed to be operated indoors, in a weatherproofed and thermally
controlled environment, such as a fixed structure (house/building), an ATCO-type trailer, or an appropriately retrofitted
shipping container placed on a level and firm foundation (usually a concrete pad). Keo Scientific optical instruments are
never to be operated outdoors, unless specifically designed and constructed for such use.
OUTDOOR OPERATION
In some cases, a suitable purpose-built portable enclosure may be used for “outdoor” operation. In general terms, there
are two main types of enclosures:
1. Small stainless steel enclosures/canisters/cases — typically cylindrical, housing the optics only, i.e., everything except
the control electronics and computer — may be used if properly insulated, for example with multiple layers of foilfaced, polyethylene air pillow wrap or Spaceloft®, both of which are compact solutions with desirable off-gassing
properties. Such enclosures can be mounted on the roof of buildings, a guyed mast, or an antenna tower.
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Above: Example of mast-mounted small stainless
steel enclosure housing only the optics and sensor.
(Courtesy of the NASA THEMIS GBO team at the
University of Calgary, Canada.)
Left: Example of larger fibreglass enclosure
containing instrument as well as all control
electronics. (Courtesy of Dr. Jim Wild, Lancaster
University, United Kingdom.)
2. Larger enclosures (often fully air conditioned, for instrument and computer & control electronics) might be constructed
of fibreglass sheets bonded to 2” thick panels of foam core insulation. Such enclosures should have doors equipped
with pliable, silicone gaskets, rated for extreme cold and heat, to seal against the main structure. Careful
consideration must be given to the whole range of expected weather conditions at any given site, including blizzards,
torrential rain, dust, hot sun, and bitter cold. Active heating and cooling may both be required, depending on
anticipated ambient temperatures at the locale.
ALIGNMENT OF OBSERVATORY BUILDING
Experience has shown that there are a number of practical advantages to physically aligning the observatory building/
structure along the local meridian (geographic north-south direction). For example, the process of vertically mounting and
aligning the imager in such a way that geographic (or geomagnetic) North is “up” in the image becomes notably easier
when the building itself provides an accurate fiducial reference.
OBSERVATION DOME
A hemispheric observing dome must be mounted on the top of the observatory building or enclosure. The dome may be
fabricated from glass (e.g., coated BK-7), polycarbonate (Lexan, Makrolon) or cell-cast acrylic (Plexiglass, Lucite,
Acrylite). In the case of all-sky imaging, the dome
should ideally be located at the highest point of the
building, in order to provide an unobstructed view
of the entire 360-degree horizon.
The instrument is mounted inside the building or
enclosure, immediately underneath the dome. The
primary lens of the instrument should be placed as
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close to the geometric centre of the hemispheric dome as practically possible, for best optical results. Ensure that fisheye
lenses stick far enough up into the dome area to have an as unobstructed view of the sky as possible (ideally, 0-360
degrees azimuth, 0-90 degrees zenith angle).
Proper sealant, flashing and vapour barriers must be applied to protect against water/humidity entering the area
surrounding the instrument below, possibly damaging the instrument and voiding its Warranty. Properly sealing (weatherproofing) along the rim of an observing dome is not a trivial task, in our experience, and only qualified tradespeople and
suitable materials should be used.
Note that great care must be taken while drilling holes through cell-cast acrylic dome flanges. Unless specific procedures
are followed, the acrylic will likely crack, providing a path for water to enter the building. Please contact us for advice.
LABORATORY SPACE
Ideally, an observatory building should have a small, dedicated lab bench/space/nook, equipped with a selection of small
hand tools (including a complete set of hex keys in metric as well as imperial sizes), a handheld digital multimeter, a
soldering station, grounded anti-static mat, and lens-cleaning supplies, for occasional troubleshooting and simple on-site
repairs & maintenance.
“DARK-ROOM” FACILITY
Ideally, an observatory building should also have a small darkroom facility for instrument field-calibrations, crosscalibrations, and general instrument-preparation and troubleshooting/testing activities. The dark room should be at least
10 feet by 8 feet and the interior should be painted flat (matte) black. There should be a small (3” diameter) cable port
near the floor for running cables between instruments (inside the dark room) and computers & control equipment (located
immediately outside the dark room). For darkroom lighting, fluorescent tubes/lamps should be avoided, as they have a
sub-visual afterglow that lasts for hours after being turned off — such afterglow will contaminate optical data. Halogen
bulbs should be avoided as well, as black anodized instrument surfaces will efficiently absorb optical energy from
Halogen lighting and filters will run too hot (unless the filter wheel has a built-in cooler unit as well). Instead, incandescent
light bulbs should be used. Red incandescent bulbs will often provide sufficient work light while preserving the user’s
night vision. Great care should be taken to completely seal the room to avoid light from the outside entering along ceiling,
through and around ventilation ducts, and around doors. We recommend using extruded black silicone seals around
doors. Plug cable ports with pieces of black polyurethane (or similar) foam after cables have been strung through the
port. Special “light-masking tape” should be used to mask out any remaining stray light, as spotted from within by the
dark-adapted eye. Keo Scientific can provide a Stray Light Mitigation Kit, which includes a variety of hardware and
materials helpful in eliminating stay light problems in and around observing domes as well as inside dark-room facilities.
INTERNET CONNECTION
The observatory should have a reasonably fast and reliable (stable) Internet connection. The Internet connection should
allow login access from the outside (by means of Windows Remote Desktop, TeamViewer, Hamachi, FTP, or commandline ssh in the case of Linux) for modifying imaging schedules and for debugging any problems without having to
dispatch the site custodian to the site. The Internet connection upload speed should allow automatically transmitting lowresolution (quick-look) thumbnail image data back to the University/office throughout the night (for example via Dropbox,
SFTP, UDP, or rsync). This is often useful for real-time data presentation on a web server, and for quickly verifying
instrument health status every morning.
ELECTRICAL
The observatory building’s electrical system must be installed by a qualified electrician, adhering to local electrical codes
and standards. In particular, proper grounding practices must be adhered to. Keo Scientific instruments require a stable
supply of 110 to 240V AC Mains Power (50 or 60 Hz).
Keo Scientific Ltd.
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In areas with an unstable/unreliable mains power grid, or where lightning strikes are known to occur, it is important to
provide extra protection against damage to computer equipment and imaging sensors due to power surges. We
recommend using at least three lines of defence against potentially destructive over-voltages: (a) mount lightning rods on
top of the building or a nearby mast/tower, whichever is highest, (b) use a surge suppressor at the point of entry (main
circuit breaker cabinet) of the observatory’s electricity supply, and finally (c) use an Uninterruptible Power Supply (UPS)
with additional built-in surge protection to directly power instrumentation.

3. ENVIRONMENTAL CONSIDERATIONS
With your optical observatory now erected in the perfect location, and with some basic infrastructure in place, let us now
direct our attention towards the all-important required indoor environment.
INDOOR CLIMATE
The observatory building must have a properly functioning heating, ventilation, and air conditioning (HVAC) system. Air
Conditioning (AC) should be used to maintain a stable internal ambient temperature. As an added benefit, AC will also
remove humidity from the air. Keo Scientific multispectral optical instrumentation should be operated in an indoor
environment kept at somewhere in the range 15 to 23℃. These instruments should not be operated at temperatures
above 27℃ unless an optional filter-wheel cooling unit is ordered. This is because interference filters are designed for
operation at ~25℃, and the default filter-wheel only contains a trim heater, the assumption being that the observatory’s
ambient temperature is kept below ~23℃ by means of AC.
Covering black-anodized instrument surfaces exposed to the sun with Mylar Multilayer Insulation blankets may
successfully reduce the daytime heat load onto an instrument mounted under a large dome. Pieces of Mylar sheet may
be securely attached to the instrument using Kapton tape, which is highly heat-resistant. Note that painting instrument
surfaces white will typically – and perhaps counter-intuitively – have no measurable effect
AVOIDING CONDENSATION ON THE OBSERVING DOME
A cool dome surface will always cause the surrounding humid air to produce condensation on the dome. In the case of
mid/low/equatorial latitudes, inside air is typically cooled and dried by AC and this will cause the hot, humid outside air to
cool to below dew-point and condense on the outside of the cool dome. In the case of arctic/antarctic latitudes, the
dome is cooled by the outside dry arctic air, and this will cause any humid inside air to condense on (and/or create ice
on) the inside of the dome. Any condensation on the dome (whether inside or outside) will severely impact the quality of
the optical data. Furthermore, in the case of inside condensation/frost, water may eventually drip onto the instrument
causing permanent damage and void the instrument’s Warranty. Keeping the dome clear of condensation can be very
difficult, and various tactics should be tried until, by trial & error, a suitable approach is found. Solutions are often highly
site-specific, but some general guidelines may be given:
a. Use the smallest-diameter dome that will accommodate your instrument and any optional accessories (e.g., a sun
shield) attached to the instrument’s primary lens system. In general, avoid dome diameters of more than 1 meter.
Dome diameters of less than 10 inches are often ideal. This approach of keeping things small will help keep heat
transfer under control, especially at lower latitudes.
b. As we have already alluded to, warm domes are less prone to condensation. In the case of small domes, a homemade heating system based on passing a current through a chain of aluminum-housed 50-ohm power resistors
(Arcol HS10, or similar) located in contact with, and along the rim/flange of, the dome, is an inexpensive solution
that may work very well. Also, a variety of Kapton, Silicone and Polyimide film flexible strip heaters are
commercially available (e.g., from OMEGA Engineering). Note that some types of birds enjoy perching on top of
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warm domes – acrylic and polycarbonate domes may therefore develop a hazy spot in the middle, over time, as a
result of exposure to bird talons.
c. In the case of larger domes (say, larger than 16 inches in diameter), attempt to separate (isolate) the dome area
proper from the area immediately below. This can be done with a circular piece of plywood completely filling
(covering) the base of the hemispheric dome. The plywood should have three (3) holes: (i) A centre cutout for the
instrument’s fore optics. The primary lens should be located near the geometric centre of the hemispheric dome
for best optical results, which means that the lens should barely stick up above the surface of the plywood. In the
case of fisheye lenses, it should stick up only enough to get a clear view of the horizon. (ii) A cutout on one side
through which a fan blows heated air into the dome area. Usually, only very low-power heat is needed. A square
axial fan equipped with a compatible axial fan heater (for example from Farnam Custom), is a convenient solution.
(iii) A third cut-out, at the opposite side, for a fan that pulls (exhaust) air out of the dome area. Make sure to not
heat the instrument’s filter-holder or filter-wheel – these parts should be located safely below the plywood barrier.
By thusly heating and circulating air inside the dome cavity, even a fairly large dome will remain warm enough to prevent
humid air from condensing onto its surface during cold nights, whether the humidity is found inside or outside the
observatory. Experience has also shown that this tends to effectively prevent buildup of snow on the dome, in arctic/
antarctic regions. Important: All heater circuits should be thermostatically protected (e.g., using bimetallic disc
thermostats) in order to prevent a thermal run-away situation.
INSTRUMENT ALCOVE
The area between the floor and the base of the dome, often referred to as the "dome chimney" or "instrument alcove", is
where the instrument itself is mounted. This area should be a separate space, walled-off (or curtained-off) from the
surrounding part of the observatory facility, leaving at least 2-3 feet of clear space around the instrument to ensure good
ventilation/air flow. The walls of this "chimney" or alcove should be painted
with matte (flat, non-glossy) black paint, from ceiling to floor, on all sides,
including floor, and the internal ceiling area surrounding the dome. This must
be done in order to reduce or eliminate internal reflections and stray light.
Curtains used should be made of heavy black material, such as thick (lighttight) felt. Curtains should reach all the way to the floor, with a valance near
the top, to prevent entry of light along the ceiling (depending on what type of
hardware is used to suspend the curtain from the ceiling). In the bottom
photo on the right, there is an inner back felt curtain, as well as an outer
opaque vinyl shower curtain for extra protection against outside light. Again,
the main goal is to ensure that no stray light from the observatory's general
purpose or utility lighting enters the instrument area. Any such stray light may
reflect off the inside of the dome and enter the instrument’s field of view,
thereby contaminating optical data. As the instrument area is now relatively
sealed-off, attention must be given to properly duct AC air into the space
surrounding the instrument, or the instrument may become extremely hot,
impacting sensor cooling performance and expected lifetime. Carefully survey
the dome chimney area after dark for any exposed Light Emitting Diodes
(LEDs). Often, CCD and EMCCD sensor heads and/or their power supplies
(power bricks) are equipped with red and/or green LEDs indicating the cooling and power status of the device.
Experience has shown that light from LEDs within the dome area tends to bounce off the interior of the dome and enter
into the optical instrument’s field of view, contaminating the scientific data. All LEDs should thus be carefully masked out
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with small pieces of adhesive “flock paper” (or a piece of “aluminum foil tape” subsequently covered with a piece of “light
masking tape”). “Gaffer tape”, 3M Super 88 Electrical Tape, and black hobby model paints also work very well. At all
cost, avoid using “Duct Tape”, as it leaves a sticky or dried adhesive on equipment that is virtually impossible to remove.
Also avoid inexpensive ‘Dollar Store’ electrical tape (which turns into a sticky mess over time).
INSTRUMENT CONTROL ROOM
Immediately outside the darkened, closed-off instrument alcove, there should be a room or antechamber from which the
instrument is controlled. This is where instrument control equipment/computers should be located. We recommend
furnishing this room with a small, ergonomic computer workstation desk & chair, for use while working on-site during
instrument installation, initial configuration and campaign work. Instrument control and data acquisition cables from the
instrument alcove/chimney should enter this adjacent control-room through a cable port (typically a short length of 3”
diameter black PVC pipe) near the floor. This cable port should be plugged with black polyurethane foam after cables
have been strung through, so as to prevent work lighting or light from computer monitors and optical mice from entering
the instrument alcove. We recommend painting the control room (antechamber) with the same flat black paint used for
the adjacent instrument room (alcove/chimney). In the case of Keo Scientific instrumentation, instrument control is
typically handled via a 7-meter long custom tether cable. The instrument control computer/workstation desk must thus
be located within 7 meters of the instrument, as measured along the tether cable, which is typically fed from the
personnel room/antechamber through a cable port near the floor and up into the dark instrument alcove/chimney area.
Actual data acquisition is usually done through high-speed USB or GigE Ethernet interfaces. Active USB Extension
Cables (or USB-to-Ethernet adapters) can be used to extend the length of USB cables that are too short.
RODENT/PEST MITIGATION & CONTROL
Nothing brings an observatory, with its numerous bundles of cables, to its knees like a stray mouse looking for nesting
material. Exclusion tactics such as sealing entry points will keep rodents out of the observatory and prevent a full-scale
invasion. Make sure to eliminate any source of food or shelter by ensuring that any food brought into the observatory is
securely stored, and that the observatory is clean and tidy at all times.
Cluster Flies are a common nuisance in some regions. They become active during the day when temperatures rise and
are attracted to the light entering through observation domes. They are a particular nuisance in that they leave defecation
stains on instrument fore-optics. To prevent an infestation, ensure that there are no cracks or holes that allow flies to
enter into the observatory. Weather-strip windows and doors, fill any cracks or crevices around door and window frames
with caulking. The fly population can be kept under control using, for example, an electrical discharge insect control
system, multiple strips of fly tape located immediately below the dome, or powder traps.
In some cases, the computer and other instrument control equipment may be located inside the main observatory
structure, while the instrument itself is located in a small portable enclosure some distance away from the observatory.
First-hand experience has shown that it is of vital importance to protect power, control and data/signal cables running
along the ground from being interfered with (especially chewed upon) by the local rodent population, arctic foxes, polar
bears, and other wildlife. One good approach is to run all outdoor cables through an appropriate length of corrugated
plastic land-drainage pipe (ensure that the selected diameter is large enough to accommodate the cables’ largest
connectors). For thin cables with low-profile connectors, a standard reinforced rubber garden hose typically provides an
excellent animal-proof sheath. Cables can also be protected from animal interference by lifting them up above the
ground. However, when running cables through the air in arctic areas, one must ensure that they are strung high enough
so as to not seriously harm fast-moving snowmobiling personnel passing through in the night. In areas free of permafrost,
cables should ideally be buried, preferably after first being strung through a pipe or hose, as described above. Lastly, in
order to keep rodents out of the building itself, carefully plug all cable ports through which cables enter and exit the
building. This is most effectively done by using insulating foam sealant (spray polyurethane foam). For a more temporary
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(easier to remove) solution, plug the cable port with lengths of industrial-grade steel wool. Rodents hate steel wool with a
passion.
ELECTROMAGNETIC INTERFERENCE (EMI)
Observatory buildings located near high-power radars should be covered with chicken-wire mesh, in order to create a
Faraday cage. All windows, except observing domes, should be covered as well. Unless such precautions are taken,
electromagnetic interference (RFI/EMI) from the nearby radar installation may interfere with instrument operation (and, in
the long term, possibly also personnel health).

4. OPERATIONAL ISSUES
In this section, we briefly discuss some practical aspects related to instrument operations.
INSTRUMENT MONITORING
It is of crucial importance to monitor instrument health on a daily basis. We recommend doing it first thing in the morning,
immediately when arriving at work at the university/office. Avoid procrastinating until after some major geophysical event,
or you may find that the instrument was not operating during said once-in-a-lifetime event which might otherwise have
led to a publication in Nature.
Remotely log in to the instrument computer and confirm that the computer is still running.
Verify that the imager commenced and terminated data collection the previous night according to the predetermined schedule. Inspect software error logs.
Verify that all the expected data from the previous night are present on the primary data partition.
Verify that the primary data-partition is not full (nor close to being full).
Verify that the previous night’s acquired data is being backed up to a secondary data partition.
Verify that the computer’s internal clock is properly locked to UTC and that it hasn’t started to drift.
If environmental parameters are being logged, inspect plots of these parameters covering the past 24 hours.
It is always a good idea to log indoor and outdoor humidities and temperatures, as well as filter-wheel and
CCD temperatures. If monitoring indoor temperatures, place one sensor immediately inside the dome area
(avoiding direct exposure to the sun) and another one further down the “chimney”, closer to the floor. We
recommend RRDtool for monitoring and plotting such data.
In cases where the hard drive is almost full, this is also a good time to check cloud-sensor data (if available)
and prune away from the data-hierarchy any hour-folders where the sky was overcast throughout the entire
hour, rendering airglow data useless. (Note that in the case of aurora, it is often possible to see auroras
through cloud cover and get useful onset timing and location information. FPIs can still obtain useful
temperature data based on 630.0 nm observations through clouds, depending on the thickness of the cloud
cover. Great care should thus always be taken prior to remotely erasing entire hour-folders of raw data,
whether airglow or aurora – it should only be done in an emergency. We do not recommend automating this
process.)
DATA STORAGE STRATEGY
We recommend saving raw science data to 1 or 2 TB 2.5” hard drives in external USB2 or USB3 enclosures. These have
proven themselves to be a convenient, reliable and portable medium. Two such external drives should be used: a primary
data drive as well as a secondary drive onto which the primary data are backed up daily. Backup data should not be
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erased until primary data have been safely ingested into the main (backed-up) data archives at the home university/
institute.
Never save science data to the computer’s main system disk, i.e., the disk housing the boot partition containing the
computer’s operating system. We recommend using a small, high-quality 128 or 256 GB Solid State Drive (SSD) as
system disk. We recommend using a dedicated computer for instrument control. “Clean install” the operating system,
and do not allow other software, such as IDL or MATLAB, onto the computer (the same goes for Illustrator, Photoshop,
Minecraft, anti-virus software, and so on). For simple onsite image viewing and routine image post-processing tasks to
be performed at the end of every night, we recommend using ImageJ and the fairly small-footprint Netpbm or Python.
INTERVENTION BY SITE CUSTODIAN
For field sites that are remote, far away from the office/university/institute, it is always a good idea to have a local site
custodian (a “local”) who can be dispatched out to the site in case of problems, for example to reboot a locked-up
computer, clear the dome of snow or ice, replace UPS batteries, etc. The site custodian should keep a log, with time
stamps, of all the tasks he/she performs on each site visit. The custodian should remember to turn off the computer
monitor (a potential source of light pollution) prior to leaving the site. In addition to general problem-solving, the following
are some routine tasks that might be handled by the site custodian:
In Arctic and Antarctic areas, where the imaging seasons start and end at specific times of the year, site
custodian should cover up the dome at the end of imaging season and remove the cover at the start of the
imaging season. Covering up the dome protects the instrument from damage due to prolonged exposure to
solar radiation during the 24-hour summer days. Instead of covering up the entire dome with a box,
custodian might cover the inside of the dome with a Mylar blanket. In the case of large domes, an umbrella
covered with a consumer “Space Blanket” jammed up under the dome (between dome and primary lens of
instrument) will protect the instrument very well. Put the lens cap on the primary lens of imagers.
At lower latitudes, if a Keo SunShield (or similar) is not being used, local custodian should make sure the
instrument primary lens or dome is covered for at least 2-3 hours either side of local noon. This is to prevent
damage to instrument’s fore optics from exposure to solar radiation. Instead of covering the instrument, it
could be physically lowered, to make the view angle subtended by the dome smaller, dramatically reducing
the heat load onto the instrument. Since site custodians are usually compensated (paid) by the hour, it might
be more cost efficient to use an automated solution, like the Keo SunShield.
In the case of remote field sites, site custodian might visit the site every 2-4 weeks, unmount and remove the
primary data partition (typically a 1 or 2 TB portable external USB 2.5” hard drive), plug in a new blank
external hard drive, and ship the data drive back to the office/university by Priority Post (with a tracking
number) in a small hard shell case (Pelican, or similar). Once received at the university/office, a freshly
formatted hard disk should be sent back to the site custodian in the same case, awaiting the next hard disk
swap. Never erase backup data from the on-site secondary (backup) data partition until the data from the
primary data partition have been safely received at the office/university and ingested into the main data
archive on the university/lab servers.
REMOTE INTERVENTION
If the instrument computer locks up, for example due to a power surge, a site custodian might be dispatched to look into
the issue and physically power-cycle the computer. In cases where a site custodian is not available on such short notice,
we recommend powering the instrument and its computer from a remote IP managed Power Strip/outlet (such as an
APC PDU, or the Web Power Switch from Digital Loggers Inc). If the internet connection is still up, it is then possible to
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remotely log into the power bar, which has its own built-in web server, and selectively power cycle individual power
outlets. This is a convenient way of power cycling a computer or CCD camera, without custodian intervention.
For extremely remote field sites with no local custodian and no (or unreliable) internet connection, it can be more difficult
(and expensive) to reboot a frozen computer. It may involve physically having to travel several hundred kilometres by bush
plane or camelback to get into the site. In such cases, it may actually be less costly, in the long run, to use Iridium, the
low-speed, satellite-based communication network, as a backup communication channel with the site. For example, an
Iridium connection into an on-site Campbell Scientific CR10X data logger provides a uniquely flexible way of powercycling devices and monitoring environmental parameters (temperatures, humidity, voltages, currents, etc.) when
computers and/or the regular internet connection is down. Note that Iridium is generally too slow for remote desktop
access and/or transfer of raw scientific data – it should only be relied upon for emergency power-control and
environmental monitoring. (We do have it on good authority, however, that serving web pages via ssh tunnel and wvdial
on Linux does work, albeit with some patience.)
LIGHT POLLUTION MITIGATION
After several weeks of operating an imager at a new site, persistent or intermittent sources of stray light may become
apparent in the data. Such light pollution should be masked out of the field of view as soon as practically possible. For
example, a short strip of flocking paper may be used along the base of the observing dome to mask out lights from a
nearby building. If the lower (large zenith angle) portion of the all-sky field of view can be sacrificed, lowering the fisheye
lens to slightly below the bottom of the dome will mask out any direct entry of light from a nearby village or highway.
Some other useful tools are, black gaffer tape, light-blocking tape, black foil, black felt, Velcro strips. Never use
inexpensive electrical tape, as it leaves a sticky residue when removed. Instead, use proper 3M Super 88 Electrical Tape.
Also avoid “Duct Tape”, as it dries out over time and leaves a hard residue that is difficult to remove and may damage any
equipment it is applied to. Keo Scientific can provide a convenient Stray Light Mitigation Kit, with a selection of handy
materials and hardware.
COMPUTER CONFIGURATION
Both Windows (GUI) and Linux (command-line interface) control software are available for Keo Scientific instruments.
Always make sure the Power Management BIOS setting of the computer being used is set such that the computer
automatically boots up upon return of power after a power failure. In the case of computers running a Microsoft Windows
operating system, ensure that “Automatic Windows Update” has been disabled (or set to update during daylight hours
only, when the instrument is idle), as such updates may interfere with imager operation. In Windows, also disable
“Automatic Sleep Mode”.
REFERENCE CLOCK
When running Keo Scientific data acquisition software, all data are carefully time-stamped based on the computer’s
internal System Clock. It is important to ensure that this clock is constantly disciplined against UTC. Usually, accurate
synchronization of the System Clock is available via an Internet Time Server. Alternatively, an inexpensive GPS receiver
(Trimble Thunderbolt, or similar) can be employed as a Stratum 0 NTP Time Server for any observatory’s computer
network.

5. SOME RELEVANT SERVICES PROVIDED BY KEO SCIENTIFIC
And, finally, the following are some relevant products and services provided by Keo Scientific which may be helpful to
those who are new to the field of optical aurora and airglow, or those who simply have limited in-house resources
(manpower, time). Please contact us for additional details on each of the following.
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INSTRUMENT MOUNTING SOLUTIONS
If we are provided with a blueprint (or a dimensioned sketch) of the area immediately surrounding the observing dome,
we can design, manufacture and provide the required
instrument mounting hardware. This instrument mount will
thus be uniquely customized to your observatory building and
ensure safe mounting of your instrument (see example on the
next page). Mounts which provide elevation tilt (for non-zenith
observations, useful for narrow-field imaging) and mounts that
can be raised and lowered – whether motorized or raised by
hand crank – can be supplied as well. The latter makes
instrument maintenance (lens cleaning, filter-changing) more
convenient, and can also be used as a way of reducing the
instrument’s exposure to solar radiation during non-operating periods. For those who wish to design and build their own
mounting fixtures, Keo Scientific can provide (at no charge) accurate CAD drawings and 3D Models of their instruments
in order to help plan building construction and instrument mounting strategies. Such models may also aid in selecting a
dome of appropriate diameter. We recommend that any in-house designed mounting hardware be able to carry at least
twice the mass of the instrument itself. Note that instruments are heavy, and mounting an instrument is always a twoperson job.
HEMISPHERIC OBSERVING DOMES
Keo Scientific can provide optical-grade hemispheric observing domes of various diameters and materials, including a
9.25” diameter BK7 glass observing dome on a sealed mounting flange.
LENS PROTECTION MECHANISMS
The Keo SunShield is a convenient clam-shell mechanism that can be used to automate
the covering up of the primary lens at dawn and uncovering it at dusk. Covering the
instrument fore optics helps prevent damage to lenses and filters due to exposure to
solar radiation during non-imaging hours (or during polar summer seasons). The
clamshell fully retracts “below the horizon,” so as to not obstruct any part of the 180
degree fish-eye field of view.
INSTRUMENT CONTROL & DATA ACQUISITION COMPUTERS
Keo instruments can be controlled by most consumer-grade computers (whether laptop or desktop) equipped with
USB2 ports. However, a custom-built and pre-configured computer, with all software/drivers pre-installed and fully tested
prior to shipping, can optionally be provided with any Keo Scientific instrument. You may choose between Windows or
Linux operating systems. Our server-class (for reliability) computer has a high-quality solid-state (SSD) boot drive and
comes in a robust shipping case which doubles as an industry-standard 19-inch (6U) rack-mount unit. Additional
equipment included with the instrument (such as, filter wheel control unit, remote controllable power bar, and
environmental monitoring & control system) may be mounted inside this same rack mount, for a tidy, well-organized field
site.
ENVIRONMENTAL MONITORING & CONTROL
Keo Scientific offers a field-site Environmental Monitoring & Control package, specifically designed with the proper longterm functioning of Keo instruments in mind. This includes keeping the observing dome free of frost or condensation, for
an always-clear view of the night sky. The kit, which is remote internet accessible via its own IP address and built-in-web
server, features a dual high-power output (up to 2 x 800W), thermostatically controlled heaters and fans, a 1U rack-
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mountable control system for monitoring, logging and controlling the indoor environment, temperature and humidity
sensors, as well as all required ducting and mounting hardware.
STRAY LIGHT MITIGATION
Keo Scientific offers a cost-effective Stray Light Mitigation Kit, which can be helpful in masking out unwanted sources of
light. The kit includes the following items (subject to change without notice as we improve its utility):
•
•
•
•
•
•
•
•
•
•
•
•

Heavy black felt material (w/mounting hardware) reaching from ceiling to floor on two (2) sides of instrument
2 rolls 2” light-blocking tape
1 roll 2” black Gaffer’s tape
1 roll 3M™ Light Shielding Tape
1 roll 2” Aluminum foil tape
1 roll 12” (W) x 50’ (L) matte black aluminum foil (“blackwrap”)
2 sheets (8” x 10”) adhesive flock paper (#55 backing)
2 sheets (8” x 10”) non-adhesive flock paper (#55 backing)
Four smaller, approximately 12” (W) x 1 yard (L) strips of black felt fabric
8” length black hook & loop (Velcro) strips with adhesive backing
1 pair of heavy-duty scissors for tapes, metal foil, fabrics and flocking paper
Assorted safety pins, thumb tacks

CLOUD SENSOR
A cloud sensor can greatly aid in interpreting imager, photometer, and FPI data. Practical experience has shown that, for
example, when accessing a field site via Remote Desktop to quickly assess the quality of the previous night’s FPI data,
access to cloud sensor data for that night can be surprisingly helpful. We can deliver a Cloud Sensor with our
instruments, which measures nighttime cloud cover, moisture, wind speed, humidity, and more. The sensor head must
be installed outdoors in a location where it has an unobstructed view of the sky. It will not work through an observing
dome. Its field of view is in the shape of a cone with an included angle of approximately 80°. There is some sensitivity out
to 120°. Any substantial obstruction in that field of view will reduce the sensitivity and accuracy of the sensor head. The
assembly comes with a 100 ft cable which must enter the building through a cable port. Custom cable lengths are
available.
INSTALLATION AND COMMISSIONING SUPPORT
We enjoy travelling to exotic places and sampling local cuisine! Keo Scientific provides on-site installation and instrument
commissioning support at reasonable rates, from Equatorial to Polar regions. Please contact us for details.
DATA ACQUISITION SOFTWARE
Keo Scientific’s Windows or Linux instrument control & data acquisition software is included in the price of each
instrument. Our software is typically updated several times a year, with users being notified of updates via the Keo
Synopticx Mailing List. All users are entitled to free updates (whether minor or major) and free software support, for the
entire lifetime of the instrument. Please contact us if you have reason to believe that you may have been inadvertently left
off the Keo Synopticx Mailing List. For trouble-free operation, please ensure that you are always running the latest version
of our software. If in doubt, please contact us.
WARRANTY
All Keo instruments are covered under Keo Scientific's 3-year Warranty and our famous "go-that-extra-mile" lifetime
prompt, free and cheerful support service. If we are provided with remote desktop (TeamViewer, or similar) login
credentials, we will remotely log into your field site – with your permission – in order to conduct any software/hardware
troubleshooting that may be required (at no charge).
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We invite you to submit your own helpful hints and tips, lessons-learned, anecdotes, etc., for
possible inclusion in the next version of this document. Contact us at
support@keoscientific.com
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