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ABSTRACT

The Maunakea Spectroscopic Explorer is designed to be the largest non-ELT optical/NIR astronomical telescope,
and will be a fully dedicated facility for multi-object spectroscopy over a broad range of spectral resolutions. The
MSE design has progressed from feasibility concept into its current baseline design where the system configuration
of main systems such as telescope, enclosure, summit facilities and instrument are fully defined. This paper will
describe the engineering development of the main systems, and discuss the trade studies to determine the optimal
telescope and multiplexing designs and how their findings are incorporated in the current baseline design.

Keywords: Calotte, enclosure, telescope, multi-object spectrograph, wide field corrector, atmospheric dispersion
corrector, seismic upgrade, site redevelopment, Maunakea

1. INTRODUCTION

The concept of upgrading the Canada-France-Hawaii Telescope (CFHT) to a dedicated, 10 meter class, wide-field,
fiber-fed multi-object spectroscopic facility was first proposed by C6té!"! in 2010 as a white paper entitled The Next
Generation CFHT submitted to the Canadian Long Range Plan decadal review for astronomy and consequently
started the grassroots movement for the next generation CFHT (ngCFHT) project. Following the ngCFHT feasibility
study in 2012 led by McConnachie® and Szeto™, their findings unequivocally demonstrated the scientific
importance and technical viability of the project. Once completed, the Maunakea Spectroscopic Explorer (MSE),
previously known as ngCFHT, will be the largest ground based optical telescope in its class and occupy a unique
and critical role in the emerging network of astronomical facilities planned for the coming decade. Essentially, MSE
is the only 10 m class spectroscopic facility under development to follow-up current and next generations of multi-
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wavelength imaging surveys, including LSST, Gaia, Euclid, SKA, and WFIRST, and is an ideal feeder facility for
extremely large optical telescopes (ELT) under construction including the E-ELT, TMT and GMT.

The next milestone in the growth of the project came in early 2014, when the CFHT Board of Directors approved
funding for a dedicated Project Office that would develop the upgrade concept into a full Construction Proposal.
From the preceding development, it was clear that the scientific interest in this project was strong in many more
communities than just within the Canada, France and Hawaii partnership, and also clear that to proceed into
construction the project would need to expand its international partnership. In addition to the engineering progress
described in this paper, the critical role of the Project Office to facilitate the partnership development is discussed in
a companion paper by Murowinski'*. To herald this project as a new observatory, reaching into an exciting future
with a new partnership, the ngCFHT name was changed and the project christened and announced itself as the
Maunakea Spectroscopic Explorer.

In parallel to technical and programmatic development, the driving science case and science requirements for the
MSE baseline design are reported in a companion paper by McConnachiel®! and the defining MSE science
capabilities are summarized in Table 1.

Table 1 MSE defining science capabilities
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In the current design phase, there are six participating partners from national institutes in Australia, Canada, China,
France, India and Spain. The MSE design team is internationally distributed across these partners and engineering
work is organized into work packages by subsystems according to the MSE system decomposition, Figure 1.
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2. BASELINE DESIGN DEVELOPMENT
2.1 Design Constraints

The baseline design of MSE follows the Office of Mauna Kea Management Comprehensive Management Plan'®
(CMP) which allows the redevelopment of CFHT provided the new facility does not exceed a 10% increase of the
current three dimensional “footprint”. Based on considerations for the CMP, we impose a 10% increase limit on the
overall building height and enclosure radius while reusing the current telescope and enclosure piers.

Secondly, we do not intend to use connectors in the fiber transmission system between the fiber positioner units and
spectrograph inputs in order to maximize throughput and preserve spectrograph stability and repeatability. This
imposes additional considerations on placement of structure support and servicing procedures for installation and
removal of the fiber positioner system together with the fiber transmission system. The MSE system level
requirements and budgets, including throughput, are described in a companion paper by Mignot'” and throughput
optimization is presented in a companion paper by Flagey™.

2.2 Enclosure Pier Seismic Upgrade

As reported in the previous SPIE proceeding', the technical feasibility study found two structural deficiencies in
meeting the current seismic load requirements. The outer building enclosure pier steel bracing and, potentially, site
soil bearing capacity are insufficient for the new enclosure and telescope. After further discussion with the structural
civil engineer who performed the feasibility analysis, the soil capacity was deemed to be sufficient but, as a
safeguard, independent geotechnical work is scheduled on-site for summer 2016 to confirm the latest soil capacity
assessment.
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In 2015, an upgrade plan using buckling restrained braces (BRBs) for seismic reinforcement of the enclosure pier
was developed. The operating principle, example of building application and proposed enclosure pier modification
are illustrated in Figure 2. The current plan will replace the current chevron braces in the 1%, 2™ and 3™ floor with
BRBs along the outer perimeter of the enclosure pier steel frame. However, the BRBs will be designed to operate in
their elastic range during extreme earthquake so that there are no future needs for replacement. We believe this is
most efficient and least disruptive approach to reinforce the enclosure pier.

BRB
lF
i casing

unbonding
layer

\ steel core

I

Figure 2 Left -Buckling restrained brace provides seismic damping by dissipating energy primarily in yielding of the steel
core (in tension and compression) and secondarily by friction between the steel core and fill material. The restraining
mechanism is usually a concrete fill hollow structural shell encasing the steel core with an unbonding layer at the
interface between them. The unbonding layer allows the steel core to slide over the concrete. Since the steel core is
restrained from buckling, its cross section can then be “tuned” to yield plastically at predetermined seismic level to
dissipate energy. Middle — Pairs of yellow chevron BRBs are installed in three bays of a steel frame building. Right -
Current CFHT enclosure steel frame pier where the chevron braces will be replaced by BRBs in the outside empty bays
in the lower floors where there are no chevron braces; however, BRBs are designed to operation in their elastic range as
conventional braces, but without buckling limitation.

Additional upgrade to the Observatory Building and Facilities, including the enclosure pier, for MSE are described
in a parallel paper by Bauman!'”.

2.3 Finalization of Baseline Telescope Optical Configuration

The aperture of the M1 primary mirror is dictated by the etendue requirement, A-Omega >117m’deg’, stated in the
MSE Science Requirements Document!''! (SRD). In context of a segmented mirror telescope using 1.44 m ELT-size
segments and with a 1.5 deg” field of view, the minimum telescope aperture is 11.25 m and comprises of 60
segments, Figure 3. Deducting allowances for top end obscuration, the effective collecting diameter is 10 m, i.e. the

largest ground based optical telescope in its class.

Figure 3 also shows a 12.3m telescope aperture which is the next incremental size comprised of 72 segments.
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Figure 3 Left - 11.25 m M1, 60 segments not including the central segment. Right - 12.3 m M1, 72 segments not including
the central segment.

Given the key design parameters, a system-level trade study was conducted to determine the optimal telescope
configuration for the baseline design development process. The international design team was invited to submit
alternate telescope optical designs governed by the same set of design requirements and enclosure size constraints.
Four optical designs representative of the design space were submitted for evaluation in the trade study, Figure 4:

e  National Research Council - Herzberg (NRC) prime-focus (PF) with ®11.25 m, 60 segment M1

e  Nanjing Institute of Astronomical Optics & Technology (NIAOT) Quasi-PF (QPF) with ®12.3 m, 72 segment
M1

e  Australian Astronomical Observatory Cassegrain-focus (CF) with ®12.3 m, 72 segment M1

e Australian Astronomical Observatory (AAO) prime-focus with ®11.25 m, 60 segment M1
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Figure 4 Four candidate optical designs were compared in the trade study — NRC PF has an 11.25 m M1, five element
WFC and two element ADC; NIAOT QPF has a 12.3 m M1, 2.17 m M2, 3.45 m M3 and a lens-prism strip ADC; AAO CF
has a 12.3 m M1, 2.75 m M2 and three element WFC/ADC; AAO PF has an 11.25 m M1 and five element WFC/ADC.

The trade study was based on comparison of optical performance and non-optical attributes evaluated from a system
perspective in order to assess how a telescope based on each optical design would impacts the overall efficiency and
operation through the observatory lifetime. CAD models of the MSE observatory are developed for each optical
design in order to facilitate evaluation of operation modes, Figure 5.

In general, the PF telescope designs have lower construction costs and programmatic risks due to their simpler
optical designs, with M1 and WFC/ADC delivering a focal surface at prime-focus. The PF optical designs provide
an open telescope structure which facilitates access and servicing, mirror and dome flushing, and does not impose
complex requirements on the observatory building and enclosure-mounted handling equipment. However, the blank
size availability for the WFC/ADC leads to vignetting of the focal surface. The open telescope structure is longer
therefore more vulnerable to wind-induced vibration and requires the 10% increase in enclosure size.
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NIAOT QPF

Figure 5 Representative CAD models showing the telscope structure inside the enclosure for each optical design.

The two non-PF telescope designs have extra optic costs over the cost of the WFC/ADC in the PF designs, e.g. 12
more M1 segments, large M3 and/or large M2. Unfortunately, the extra costs do not increase the effective collecting
diameter significantly, ~3%, due to the large central obscurations. For the AAO CF design, the M2 light baffle was
estimated to be 3.8 m in diameter. For the NIAOT QPF design, M3 has a mirror diameter of 3.45 m not including its
cell and support structure. Although the compact telescope structures are less vulnerable to dynamic disturbances
such as wind shake due to having top-end far away from external wind at the enclosure aperture opening,
compactness does not facilitate access and servicing, mirror and dome flushing, and imposes additional design and
operational requirements on the observatory building and enclosure-mounted handling equipment for servicing of
instrument system, spectrographs, M3 and/or M2 systems.

By design, the trade study was a quantitative comparison of the four telescope optical designs. A decision matrix
was created to facilitate the assessment process which contains eight categories with 45 items. It compares the
optical designs performance and analyze their impacts at the observatory system level, Table 2, including:

e  Optical performance e System performance

e  Observatory building design e Instrument maintenance
e  Enclosure design e  Observatory operation
e  Telescope structure design e  Project programmatic

Table 2 Selected examples of categories and items considered in the decision matrix.

AAO
Priority| Related Item NRC Primeq AAO Cass- NIAF)T M
Criterion Focus Focus Quasi- PF Factis
Category Item 1to3*
Score 0 to 5, 5 being worst
Mount control
Observatory Building telescope mass
| Building pier foundation loa Telescope length
Observing floor complexi 1 1 2 2 1|
Enclosure SNCO0s £ - Telescope length
Crane and platform complexity 2 1 3 3 a

After examining all four optical designs and their impacts at the observatory system, it revealed the PF configuration
as the optimal configuration while meeting the MSE science requirement for etendue. We adopted the AAO PF
configuration as the baseline optical design and determined the non-PF designs to have higher costs due to
additional optics required which cannot be justified by only a 3% increase in effective collecting area.
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2.3.1 External Optical Design Review

To ensure the MSE optical baseline design is suitable, we conducted a design review of the AAO PF configuration
with a four member external review panel. The panel members were asked to:

e Provide an assessment on whether the current telescope optical design meets the stated requirements for MSE
and if it is a reasonable engineering solution within the available design space and sufficiently mature to be
selected as the telescope baseline optical design.

e  Assess if there are any specific areas in need of further development prior to becoming the telescope baseline
optical design.

e Identify any programmatic, technical and/or manufacturability risks, and provide corresponding mitigation
strategies.

The review panel found the optical design to be a reasonable engineering solution that meets the design

requirements and commented the biggest risk of the baseline design is the feasibility of manufacturing in the areas

of polishing and anti-reflection coating of the WFC/ADC optics, Figure 6. To mitigate the manufacturing risk, the
review panel suggested to investigate design variations to ease the polishing challenges and, in parallel, retain the
service of an independent consultant to engage potential vendors to explore optimal manufacturing options.

The MSE optical design, including the compensating lateral ADC functionality, is reported in a companion paper by
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Figure 6 MSE WFC/ADC design. The focal surface is on the right and L1 is on the left, it is the largest lens with clear
aperture of 1300 mm. L3 and L5 are PBM2Y; all other lenses are silica. Surfaces marked with a * are aspheric.

2.4 Developing the Baseline Enclosure and Telescope Structure Configuration

Given the following constraints: the Calotte enclosure dimensions; telescope optical layout; telescope-mounted
payloads and their locations; access and servicing requirements for instrument and telescope and enclosure
components; geometry and load capacities of the enclosure and telescope piers, etc., Dynamic Structure (DS) in Port
Coquitlam, BC, Canada was contracted to develop a baseline geometry. The baseline geometry is a coherent Calotte
enclosure and Alt-Az telescope structure configuration that is geometrically compatible to form the baseline for
conceptual design. In other words, the objectives of the DS work was to provide a structurally credible and
geometrically consistent enclosure and telescope structure configuration that enforces operational safety and ensures
efficient access for servicing at the observatory level within the stated constraints.

The initial DS telescope structure concept is based on the Keck telescope which is a 10 m segmented mirror
telescope of similar to MSE. Recognizing the aforementioned design constraints, DS developed a structural-
mechanical solution compatible with the handling procedures envisaged and requires minimal facility modification,
e.g. the telescope weight is within the capacity of the inner pier. The baseline configuration established by DS is
shown in Figure 7.

Proc. of SPIE Vol. 9906 99062J-7

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 1/4/2018 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



The MSE telescope structure is similar to the
Keck design but deviates in several key aspects.
The deviations are driven by differences in the
optical layout, payloads, handling procedures,
geometric limitations of the Calotte enclosure.
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For the telescope elevation structure, the most
significant differences are the compression leg top
end structure support, larger elevation journals
and the replacement of the monocoque elevation
ring of Keck with an open space truss to facilitate
mirror and dome flushing. The azimuth structure
is substantially different from Keck, employing a
compact box structure, as opposed to the larger
space truss design for Keck, matching the inner
pier diameter.
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The design motivations for the baseline design are Figure 7 MSE telescope structure baseline design.

as follows:
e Maximize clearance within the enclosure
e Maximize stiffness, while minimizing the overall telescope height, with a low profile azimuth structure
o Achieve through a direct load path to the pier, and by increasing the diameter of the elevation journals.
e Achieve a direct load path by matching the telescope azimuth track diameter with the inner pier
e Improve prime focus components and handling with non-pretensioned top end support structure
e  Achieve a minimum weight design with space-truss structure, rather than monocoque structure
o Optimize the distribution of structural mass based on stiffness and elevation structure mass balancing
o The total telescope mass budget is 300 metric tonnes.

A Calotte configuration was selected for the enclosure in earlier design studies due to its compact design and
structural efficiency. These features give it the best possibility of closely matching the fundamental requirements for
MSE such as the existing CFHT enclosure size and mass but with an aperture opening that is over three times wider.
Additional benefits of the Calotte enclosure include balanced rotational mechanisms and a circular aperture opening
to provide wind protection of the telescope top-end.

The DS Calotte concept is based on the following requirements:

e Not to exceed combined structure height of 42.0 m, enclosure plus facility building,

e  Maximum enclosure radius of 18.4 m

e  Aperture opening of 12.5 m and maximum observing zenith angle of 60 degrees

e Total mass limit of 510 tonnes

e Deployable dome crane for instrument handling, capacity 10 tonnes

e  Provision for enclosure-mounted mirror segment handling crane, capacity 0.5 tonnes

e Top-end servicing platform to provide access to the top-end with the telescope horizon pointing
e Ventilation modules on the rotating base to facilitate mirror and dome flushing

The most noteworthy design feature is the rotating base fixed shutter which eliminates a separate shutter track and
drive system. In operation, the cap rotates over the shutter to close the enclosure aperture. Structurally, the shutter is
supplementally supported by the cap via a pintle bearing and hard-stop assembly which limits the bending force at
base attachment points under survival wind and seismic conditions by load sharing with the cap structure, Figure 8.
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Aperture at zenith = 60°

Figure 8 MSE Calotte enclosure concept with fixed shutter structure.

2.4.1 Safety Clearance Zone between Enclosure and Telescope Structure

Since the geometric relationship between telescope and enclosure is tightly coupled, a safety clearance zone of 0.3 m
is enforced for collision avoidance between the enclosure stay-out envelope and telescope stay-in envelope, Figure
9. To maintain optimal clearance, the enclosure spherical center is coincident with the telescope center, i.e. the
intersection point between the azimuth and elevation axes.

Figure 9 Dimensions of the enclosure geometry, safety stay-in and stay-out zones. The dome crane for instrument
handling stows within the enclosure stay-out radius and the top end servicing platform in deployed position.
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2.4.2 Handling and Access Features for Instrument, Enclosure and Telescope Components

Using the maintenance and servicing procedures envisaged for the instrument, enclosure and telescope components,
an enclosure-mounted dome crane and top end servicing platform are incorporated in the design. The dome crane
can safety handle the top end systems and spectrographs located on the telescope structure, Figure 10.

L]

Figure 10 Instrument servicing scenarios: top end components access via top end servicing platform with telescope
horizon pointing and dome crane overhead (left); dome crane above the spectrograph platfrom (right). Note: the top end
servicing platform can be fixed in its deployed position permantently without colliding with the telescope structure.

In addition, an enclosure-mounted segment handling system similar to the Keck telescopes using a customized crane
and lifting talon is envisaged, Figure 11. Figure 12 shows the access walkways to service the vent level, top end
servicing platform and cap-base interface mechanical system.

Access door
to cap
walkway

Access stair &
ships ladder
to top-end
platform

Access from
observatory
floor to vent
level (rotating
staircase

comes to
observing
floor)

Figure 11 Keck telescope style enclosure-mounted

t handli . .
segment landiing crane Figure 12 Enclosure system access walkways.

2.5 Developing the Optimal Multiplexing Configuration

The SRD specifies the multiplexing levels at the three designated spectrograph resolutions:

e >3.200 spectra at R3,000 (low) and ~R6,000 (moderate) at full field coverage
e >1,000 spectra at high resolution ~R40K (high) at full field coverage
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The block diagram of MSE is illustrated in

Figure 13. The systems that directly affect the multiplexing
capabilities are the Positioner System (PoS), Fibre

Transmission System (FiTS) and spectrograph resolutions. The
MSE system architecture divides the spectrographs into two
groups: low and moderation resolution (LMR) and high
resolution (HR). The spectrographs can be “fed” by one of the

r

two positioner technologies, Echidna or Phi-Theta, Figure 14,
with either two sets of dedicated fibre bundles or a single set of

fibre bundles that are shared among the LMR and HR
spectrograph systems by reconfiguring their slit inputs. The slit
options are manual switching, optical relay, image slicers or
remote fibre switches. To achieve full field coverage at all
resolutions, only every one of three Echidna positioners is
required to carry separate LMR and HR fibres whereas every
Phi-Theta positioner needs to carry two fibres each and must
depend on fibre switching technology to operate successfully.

Instrument: Stati

Figure 13 MSE system level block diagram.
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Figure 14 Positioner technologies - Echidna and phi-theta.

After considering 15 possible combinations of multiplexing configurations with different positioner technologies,
fibre bundle and slit input options with or without fibre switches to deliver the required number of science targets to
the LMR and HR spectrographs, the 12 most viable options were included in a trade study to determine the optimal
configurations. Like the telescope optical configuration trade study, it was conducted at the same level of
quantitative details with ten categories and 25 items ranging from performance comparisons such as throughput,
positioner accuracy and configuration time, operation considerations such as reliability, interface requirements and
versatility, and programmatic appraisals such as technical readiness level, schedule and cost, Table 3.

Table 3 Portion of the multiplexing trade matrix showing quantitative details

1 Expectations Score 1 (poor) to 5 (good) Score 1 (poor) to 5 |good) Score 1 [poor) to 5 (good)
category Criterion
score Value Phi-Theta 3200/4000 fiber Score _ value Phi-Theta 3200/3800 fiber Score  Value Phi-Theta 3200/6400 fiber
Fef 3 PFS masiram optical il f fibes i = 06 deg.ref & LAMOST P 3: PFS masimum optical it alfibre i = 05 deg. ref 4 LAMOST Fief 3 PFS maxiroum opical it o fibee o = 06 deg. ref &
Optical throughput - end to end rasirren bt = 05.deg. vsirruen it - 05 s bl = 05.deg
a 2 i 5 25|imeraved HA SN possitle vith custom HA fibxe dismater 5 25| mproved HRSHA possibia with custom HA ibre ametar

Ref 3: PFS = 10um, ref 4: LAMOST = 40um, new UTSC design Ref 3: PFS = 10um, ref 4: LAMOST = 40um, new UTSC design Ref 3: PFS = 10um, ref 4: LAMOST = 40um, new UTS

Positioning Placement Accuracy 3 0 bt 3 1sfesum
9

w
i}

=5um

o
)
o

7 FRD 2 § 4 1

-
5

8| 9 o 9
Perfomiance et 3 compleing fier s Fief 3 FES sl bs capsble of compleing fiseconfigraionin 6 Pt 3 PES sl bs captie of completing fiber corfguaat)
secancs [TEC] o e for 7 [TEC] of ths 2334 fibers she he seconds [TEC) arlessfor 67 [TEL] of the 2334 frs sfe the secarel [TEC] o lews for 6% [TEC ] of tne 2384 fibers afef
ol elied elecope and nsiment ol are seffed ot e Lrget pos
et 4 LAMDST recorti ime < i, NewUITSC desige s xpected Fef & LAMDST racenig e ¢ Svie. New UITSE. designis expecied e 4 LAMDST recorki me < Seir. NewLITSC g
s o reconfigurein 335, ratincludng menclogy ime. o recarfigure in 3s. et including merclog s e o rocontigurein 335 ratincludng merdlogy me.
o Target Allocation Yield - LR i o B s s 1
n Target Allocation Yield - HR 3 12] 3 n 3 1
2 Capability for accurate short open-loop movement 0 ofs0um o ofium o oo
1 o of o
u K 2 8[PFs 2166m USTC BEm 3 12FFS226m USTC Bam 3 12fPFs Bam USTC Bim

Proc. of SPIE Vol. 9906 99062J-11

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 1/4/2018 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



After examining all feasible combinations, six conceptual design studies including one for each different positioner
technology are selected for conceptual design development and the work was divided among the international design
team:

e  Phi-Theta positioner system design
o Dedicated 3468 fiber bundles feeding the LR/MR and HR spectrograph system separately
o Additional Theta stage option to feed the HR spectrograph system with 1156 fiber bundle without requiring
fibre switches
e Echidna positioner system design
o One 3468 fiber bundle feeding the LR/MR spectrograph system
o One 1156 fiber bundle feeding the HR spectrograph system
e Low and moderate resolution spectrograph design
o Modular design with a total of 3468 spectra capacity
e High resolution spectrograph design
o Modular design with a total of 1156 spectra capacity
e Optical switch study (feasibility study only)
o Ability to switch from 3468 fiber inputs to 1156 fiber outputs
e Fiber transmission system design

We believe at the completion of these design studies an optimal multiplex configuration fully meeting the SRD
requirements will be identified as the multiplexing baseline design.

2.6 Additional Design Development
2.6.1 Science Calibration System

A companion paper by Flagey!"®! describes the current status of the science calibration development and the
associated challenges and proposed solutions in meeting the calibration requirements as dictated by the SRD. Once
this work is complete, the calibration solutions will be implemented by incorporating them in the telescope structure
design.

2.6.2 System Budgets

A companion paper by Mignot'”! describes the current status of the system budgets development using the bottom-
up approach to understand and capture the “complex” relationships between requirements and maintain traceability
to Level 0 requirements from the SRD, Figure 15. Once this work is complete, the system budgets will be
incorporated in the Observatory Requirements Document (ORD) and then flow down to the level 2 system design
requirements documents, Figure 16.
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Figure 15 KAOS semantics to illustrate pictorially the inter-relationships among the different system budget items. Left -
Requirement flow-down from Sensitivity to 1Q (partial diagram). The refinement links indicate that the target
requirement is only met if all the source requirements are satisfied. Right - Requirement flow-down from Relative
spectrophotometry to IQ (partial diagram).
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Figure 16 Requirements flow down for level 2 system design requirements.

2.6.3 Observatory Software Architecture

A companion paper by Vermeulen!" describes the current status of the observatory software design development.
The MSE software design will be led by the Project Office and partitioned among the international design team with
a goal to build on the success of the existing remote observing software from CFHT and other observatories with
large survey programs, by reusing and redeployment where appropriate.
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Figure 17 MSE software control architecture diagram

3. SUMMARY

With the system decomposition of the observatory fully described and the baseline design of the major systems
defined the MSE project is progressing into the conceptual design phase. We plan to complete the enclosure and
telescope structure conceptual design in early 2017. The multiplexing baseline development is underway supported
by three competing positioner systems designs, LMR and HR spectrograph designs, and fibre switch and
transmission system designs. We will finalize the multiplexing baseline design by the end of 2016 after down-
selecting to one positioner technology.

Parallel design development of science calibration, system budgets, level 2 system requirements and observatory
software are also underway with a goal to complete a system level conceptual design review in 2017.
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