MeerKAT Project Status Update
MeerKAT System Architecture

The MeerKAT radio telescope is currently in full production in South Africa’s Karoo region and will be the largest and most
sensitive radio telescope array in the centimetre wavelength regime in the southern skies until the SKA1 MID telescope is
operational. The MeerKAT Control and Monitoring subsystem is an integral component of the MeerKAT telescope that
orchestrates all other subsystems and facilitates telescope level integration and verification. MeerKAT is being constructed 90km
from the nearest town of Carnarvon in the sparsely populated Karoo region of South Africa. The area is regulated by the
Astronomy Geographic Advantage Act and is uniquely suited to radio astronomy given the low levels of radio frequency
interference. Backend systems are housed in a specially designed Karoo Array Processor Building located a short distance from
the core, whilst a support base has been established about an hour’s drive away in Klerefontein. The MeerKAT telescope system
is planned to be integrated and verified in phases referred to as array releases, where each array release builds on the functionality
and scale of the previous array release. The MeerKAT project plan is currently focused on array release 3 that calls for all 64
receptors to accepted by means of an approved set of acceptance test procedures in 2018.

In addition, a set of qualification baselines need to be established
for various subsystems within this timeframe, namely:

The intention is that the qualified subsystems allow observations
to commence shortly after all receptors have been integrated, with
time being booked against an observation proposal.

Functional Overview
The major subsystems comprising the MeerKAT telescope system, their
primary functions, signal and control flows. Each receptor is comprised of
three main components, namely a steerable dish referred to as the antenna
positioner, a receiver system and an associated set of digitisers. The main
reflector is made of 40 aluminium panels, whilst the sub-reflector is a single
composite structure. The aluminium panels are mounted on a steel backup
structure, that in turn is mounted on a pedestal assembly. The pedestal
assembly incorporates a yoke to provide an elevation over azimuth
positioning system. The receiver system consists of a receiver indexer, a
receiver system controller and the supporting vacuum and helium services.
The receiver indexer is capable of supporting four receivers and is mounted in
the “feed low” position. Three receivers will occupy the receiver indexer,
namely L-band, UHF and S-band. The digitisers are located on the receiver
indexer to eliminate the need for an intermediate frequency stage by
digitising the entire RF frequency bandwidth after amplification. Strict RFI
controls are exercised given the proximity of the digitiser to the receivers.

To date 63 pedestal/yoke assemblies have been installed, 61 dishes have been lifted at the Losberg site in the Karoo and more
than 50 antennas have been handed over to SKA SA for the fitment of receivers and system level testing.
SKA SA has achieved the integration of AR1.5, the 32 MeerKAT antennas with single polarisation correlation by end of March 2017.
Among others, MeerKAT provides a significant view of the hydrogen gas M83, a famous galaxy discovered in Cape Town in 1752.

Control and Monitoring System
The Control and Monitoring (CAM) subsystem interfaces with all other subsystems, and monitors all subsystem monitoring points
for health, state and alarms. CAM provides an archive for all monitoring points, allowing the history to be easily interrogated. CAM
provides a set of user interfaces, allowing operators, engineers and science users to configure, control and monitor all other
subsystems. User access control, operator shifts and operational reports are provided by this subsystem. An observation
framework controls the telescope during observations, and provides short term scheduling functionality, whilst interfacing with
an observation planning tool for longer term scheduling.
The CAM subsystem is a distributed software product with a core deployment in the Karoo Array Processor Building (KAPB) and
smaller deployments in the Cape Town control and server rooms. The CAM subsystem predominantly interfaces with other
subsystems via the KATCP protocol, an application level TCP/IP based protocol for communications between hardware and the
software that controls it.
The CAM development team has evolved its subsystem over a number of years and deployed it to the KAT7 Telescope, MeerKAT
Receptor Test System and more recently to MeerKAT array release 1 & 2. Approved design and qualification baselines have been
formed along the way. The CAM development team is now focused on meeting the requirements associated with MeerKAT array
release 3 and is on track to deliver an associated qualification baseline in early 2018.The CAM subsystem has matured over the
years, with a robust architecture, that has been selected as the reference architecture for the next generation of telescope control
and monitoring systems, namely the Square Kilometre Array Telescope Manager.

The correlator is located in the Karoo Array Processor Building. It receives
data from each of the digitisers and performs channelisation, correlation,
beam forming and time averaging functions before outputting data to the
science processing subsystem and User Supplied Equipment (USE). The
correlator uses a packetised architecture using switches and Reconfigurable
Open Architecture Computing Hardware (ROACH) modules [2]. Digitised
data is routed via a data switch to various ROACH processing engines that are
configured as either continuum or spectral line X/B or F engines. The data
switch is used to transport data into the processing engines, between the
processing engines, and finally to subscribers such as the science processing
subsystem or User Supplied Equipment.
Timing and Frequency Reference (TFR) The TFR provides timing signals
including:
Absolute time provided to subsystems such as the receptors, correlator
and control and monitoring subsystem.
A Pulse Per Second (1PPS) provided to the digitisers to ensure that phase
coherence can be maintained.
The TFR is located in the Karoo Array Processor Building, whilst the timing
signals are transported via a fibre network to the receptors and to the
digitisers. Each digitiser converts optical to electrical signals, and uses these
signals to drive the sample clock for the analogue to digital conversion (ADC)
of RF signals. The Pulse Per Second is likewise transported via the fibre
network to the digitisers, where this signal is used for timestamping purposes.
Absolute time is transported via Ethernet to the various subsystems requiring
synchronization. Two hydrogen MASERs form the core of the TFR subsystem.

All MeerKAT subsystems are currently in production, including dishes, receivers,
digitisers, correlator, control and monitoring and science processing. Qualification,
integration and acceptance testing is taking place at all levels. Production is at an
advanced stage, where the focus is on delivering array release 3 in early 2018, including
all 64 receptors. Early results indicate that MeerKAT will exceed its original specifications,
achieving L-band sensitivities in the range 300-400m2/K, significantly better than the
original specification of 220m2/K. The Control and Monitoring subsystem has evolved
and matured over the years, where it has been deployed to the KAT7, MeerKAT Receptor
Test System, and MeerKAT telescopes. The CAM subsystem architecture has been chosen
as the reference architecture for the Square Kilometre Array Telescope Manager.
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