Breaking the Operational Mold

Anyone involved in Gemini for at least the past 10 years can appreciate the profound changes in the observatory that
have occurred between the onset of our first decade and the opening of our second. However, like trying to see the
growth of a child from one day to the next, the evolution of a young observatory isn’t noticeable until you look back
over many years. Then the transformation appears nothing short of remarkable.
Nowhere is this more obvious than in the revolutionary operational model established at the twin Gemini telescopes.
In the following pages, observatory operations are presented in a broad context that sometimes goes beyond the
nightly routines on the mountaintops in Hawai‘i and Chile. In addition to featuring a sampling of the most significant
operational milestones as they relate to Gemini’s core scientific goals, this article features several day-to-day operational
accomplishments that allow Gemini to function smoothly as a multi-faceted organization. All of these operational
achievements ultimately support the science that Gemini does. But they also go beyond it in ways that may surprise
you.
Queue Scheduling
For generations, ground-based astronomers were arguably the most pragmatic of scientists because of a simple fact of
life: the weather gives, but it can also take away. The stories of weathered-out observations are the stuff of astronomical
legend, or maybe even observational “war stories.”
From the very outset, planners resolved that at least a portion of Gemini’s operations would be queue-based. In this
scenario, a list (or queue) of observing programs based on scientific priority is established. Then, in the operation of the
queue, each program’s observations are made when the conditions are right. In this mode, the whims of the weather
largely become irrelevant and averaged-out over an entire semester rather than affecting individual programs. Operating in this mode makes a lot of sense: the space-based and longer-wavelength observatories have always done it, so why
not use a similar approach in the optical/infrared regime at Gemini?
Jump to 2010 and look at how Gemini operates, and it’s obvious that queue scheduling is now well-proven for groundbased optical/infrared astronomy. Currently over 90 percent of Gemini’s user community takes advantage of it, and
the demand for “classical time” is rapidly becoming a niche market. However, getting to this point wasn’t simple. It
required a cultural transformation and the reverberations are still being felt.
When Gemini embarked on this path, many were skeptical, thinking the “classical time” mold couldn’t be broken.
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Figure 1: Average impact per paper

Rick McGonegal, who led Gemini’s software group during construction, said in an interview for GeminiFocus (see the

against the science ranking bands (SRB),

June 2009 issue, page 40), “Inside the project, a number of us were kind of like, you know, that [queue scheduling]

showing that higher ranking strongly

is never going to work (laughs). But, it did. That’s the part to me that outperformed it all, because doing that really

correlates to scientific impact based on

requires a cultural change [one] that I never thought [we’d] overcome.”

citation rates.

Gemini is in an intentionally unique position to take maximum advantage of the queue approach because of the multiinstrument configuration on both telescopes. With up to four instruments available at any given time, observations
under almost any Moon phase, atmospheric-water-vapor content, or seeing conditions can be accommodated, making
the best use of instrumentation under nearly any circumstance. With the obvious complexity of this system, the queue
planning tool (QPT) helps organize the matrix of variables so that the assigned queue coordinator for a given night can
make the best decisions to assure maximum on-sky efficiency.
One of the aims of queue scheduling is to ensure that the highest-ranked science programs are completed in preference
over lower-ranked programs. Gemini’s queue divides science programs into three science ranking bands (SRB) and
priority is given to the higher SRB within any set of weather conditions (note that Figure 1 shows four SRB; band 4 is
now considered only for bad weather programs that are not charged). Gemini completes approximately 90 percent of
the highest-ranked science programs (SRB1) in a given semester—and the data is taken in the conditions required by
the program. If these programs were classically scheduled, approximately 35 percent of them would be completed and
have all of their data taken in the conditions required.
The big question is whether higher-ranked science programs turn into higher-impact refereed publications. An analysis
of Gemini papers published between 2005-2008 shows that, on average, papers from higher-ranked programs do have
higher impact (see Figure 1). The data show that Time Allocation Committees rank observing proposals in a manner
that results in higher-impact science rising to the top. This also provides strong support to Gemini’s approach of giving
higher-ranked science programs higher priority to ensure that they are completed.
The bottom-line: Queue scheduling is here to stay at Gemini.
Targets of Opportunity
Among the many advantages of operating primarily in a multi-instrument queue mode is the flexibility it provides
when time-critical events happen (like Gamma-ray Bursts, see article starting on page 44) and priorities need to adjust
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Figure 2: SSA Erich Wenderoth prepares
the telescope for a night of observing at
Gemini South.

to accommodate observations of an event. Gemini is uniquely suited for these types of observations, called Targets of
Opportunity (ToO), and has developed a reputation for flexibility and success in this area (see article in the June 2007
issue of GeminiFocus, page 35).
ToOs are structured as fully-reviewed proposals approved by a time allocation committee for a given semester or semesters. For example, an ongoing program to observe GRB will include available parameters (such as instrument, mode
(imaging, spectroscopy), and filters), but will leave out specifics (like coordinates, integration time, etc.), since these
variables will depend on the target. Then, if or when an event is detected (i.e. the case of GRB by the Swift satellite),
Gemini will make the necessary observations. For extremely time-critical observations, the Rapid ToO is enacted, in
which current observations are interrupted for turnarounds on the order of 15 minutes. In other cases (like supernovae), where rapid response is not as critical, a standard ToO will ensue, and the queue coordinator will work the
observations into the next available queue slot.
For totally unanticipated events (like planetary impacts), a more traditional director’s discretionary time (DDT) process
is implemented. The ToO program at Gemini is one of the more productive modes, and results include a number of
successful programs as highlighted in this issue. See the article, “Monitoring the Solar System” starting on page 8 for an
example of how both ToO and DDT time is used effectively at Gemini for time-critical transient event observations.
System Support Associate Model
Traditionally, observatories have staffed nighttime operations using a model based on technicians, called telescope
operators, who run the telescope on behalf of visiting astronomers. For many reasons—including those related to
Gemini’s queue-based operational model and a desire to find a system that allows better retention and opportunities for
staff—Gemini has adopted what we call the System Support Associate (SSA) model. This approach includes significantly more than just a title change for the staff members who operate the telescope, subsystems, and instruments each
night.
Very few classical observers are at the Gemini telescopes while observations are being made. On most nights, the
minimum personnel required to open and operate the telescope are two staff members (SSA and astronomer). Together
they execute the nightly plan made out by the queue coordinator (QC) during the day. Extra support is also available at
night from the QC if needed, which is mostly done from home. It is the responsibility of the SSA to safely operate all
of the physical systems related to the telescope and subsystems while working closely with the staff scientist to acquire

50

gf_0610_xyr_operations.indd 4

4/22/10 2:22 PM

Figure 3: Data downloads by users of the

targets, monitor instruments, and remain cognizant of all systems, and of course monitor weather conditions. Gemini

Gemini Science Archive compared to other

Observatory has adopted a model that also allows the SSA to be more involved in daytime and nighttime operations,

observatories.

making the SSA more flexible and cross-trained in areas that allow better telescope coverage. Each SSA works about
one five-night shift of operations per month, with the remainder of the monthly work time devoted to other projects
at sea level. These projects can include instrument commissioning, instrument calibrations, software testing, scripting,
serving as the technical assessment secretary, miscellaneous engineering tasks, and data analysis. This model provides
more challenges for the SSA while improving expertise in telescope operations and systems. SSA positions have also led
to many new opportunities at Gemini (see article starting on page 98 of this issue by Brain Walls, who began as an SSA
and is now a Systems Engineer).
Gemini Science Archive
Like most aspects of science operations, Gemini’s emphasis on queue scheduling has a trickle-down effect on other
operational elements (see previous sections in this article on Targets of Opportunity and the System Support Associate
model). This is especially true for the system established to distribute data to our users. Because none of our users are
generally present when their data is obtained in the very dynamic queue mode, it is of paramount importance to make
that data available to a principal investigator (PI) quickly and efficiently.
The Gemini Science Archive (GSA) is a system run from the Canadian Astronomy Data Centre (CADC) at the
Herzberg Institute of Astrophysics in Victoria, British Columbia. The CADC archives data for a host of astronomical
facilities, including Hubble Space Telescope, Canada-France-Hawai‘i Telescope, and the James Clerk Maxwell Telescope (among many others), and is also home to the Canadian Virtual Observatory. The arrangement is a model for
reciprocal agreements with Gemini’s partner countries, bringing the strengths of partner resources to the direct benefit
of our users around the globe.
Once a PI’s data have been obtained, it is immediately uploaded to the GSA and available “literally within minutes,”
according to Gemini’s Data Analyst Michael Hoenig. At that time, the PI is notified of the data’s availability via e-mail
so it can also be accessed on the GSA website using a unique ID and password. Generally, the PI has an 18-month
proprietary period in which he or she maintains exclusive rights to the data for analysis and publication. See Figure 3
for a comparison of users of the GSA compared to other observatories with data archives.
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Figure 4:

Planning – An Observatory-wide Process

Participants at the annual Gemini
planning meeting.

Given the myriad projects, programs, priorities, and logistics at a state-of-the-art astronomical observatory, the coordination of the resulting complex system is a formidable undertaking. Accustomed to such a challenge, Gemini’s systems
engineering group spearheaded an initiative aimed at managing both the planning and coordination of the system in
an annual observatory-wide process overseen by the Gemini directorate.
In 2007, the primary tool that would power this process was introduced to Gemini managers. Called Project Insight®,
this web-based software has a highly-customizable interface that, in its most elemental function, matches the work that
needs to be done against resources available.
Each year, generally in October, Gemini managers meet in a two-day planning retreat (see Figure 4). In preparation,
they assemble and input details (into Project Insight®) of planned projects for the next year and beyond. During the
retreat, all of the proposals are discussed and weighed against observatory resources and strategic objectives in order
to come up with a final list of projects for the next year. In many cases, when resources are depleted, some projects are
relegated to a “back burner” for consideration in future years.
In addition to planning, Project Insight® is designed to help managers monitor progress at all levels of a project’s
development, from initiation to completion. From Gant scheduling charts to resource allocations and availability, the
project monitoring has become a unified process at Gemini and provides a common language, process, and culture for
looking ahead.
Stewards of our Planet
As an astronomical observatory we know first-hand that Earth-like planets are hard to find. Until we have the means to
discover and travel to other hospitable planets, we’ll need to take good care of the one we live on. To this end, Gemini
has adopted an institutional philosophy to minimize our impact on the environment at many levels, from recycling to
energy conservation.
A critical area where Gemini can have the greatest impact is in the area of energy conservation. For example, the
summit facilities consume 70-80 percent of the observatory’s total energy usage. Experiments are ongoing to find
ways to optimize the daily cycle of cooling the interiors of the domes to balance the expected nighttime temperatures
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Figure 5: (above left), Cyclists like
astronomer Rachel Mason appreciates that
Gemini has bike racks at both the North
and South Base Facilities.

for optimal “dome seeing.” While testing is ongoing, this has the potential to produce a significant impact on overall
observatory energy usage. A more immediate impact is the replacement of older, less-efficient compressors for base-level
air conditioning. Compounding with that is the timing of building cooling to match diurnal cycles of solar warming
and building occupancy.

Figure 6: (right), Facilities Specialist

Related to Gemini’s energy usage is staff travel. Traditionally, Gemini has encouraged frequent in-person interactions

David Moe sorts the recyclables at the

between staff at the two sites. An effort is ongoing to balance that with energy conservation by better utilizing alternate

Hilo Base Facility.

means of interaction, such as upgrading multi-point videoconferencing infrastructure allowing meetings with a dozen
or more separate nodes. Already in 2009, staff travel has been reduced by 23 percent and shrunk Gemini’s overall air
travel energy “footprint” significantly.
Ultimately, the only way a program like this can succeed is if staff members embrace it. Since its inception, staff are
participating at multiple levels, from sharing conservation ideas on an internal “Greening Gemini” blog, to using bike
racks provided to encourage alternate transportation. Recycling and the use of washable kitchenware are all part of the
Gemini solution for keeping our planet healthy—even if we do find another Earth-like planet.
For more information on how Gemini is treading lightly on our planet, see pages 62-66 in the December 2009 issue
of GeminiFocus.
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