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Abstract
Currently a new low frequency radio telescope is developed in the Netherlands. The telescope is based on phased
array principals and is known as the LOw Frequency ARray (LOFAR). LOFAR is optimized for detecting astronom-
ical signals in the 10-80 MHz and 120-240 MHz frequency window. The antennas in LOFAR are distributed over a
large field with a maximal baseline of around 100 km. To limit the amount of data transport between the antennas
and the correlator, the antennas are grouped in so called stations.

In this paper the architecture of a LOFAR remote station is described. Furthermore the data link between a remote
station and the central correlator is briefly highlighted.
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1. INTRODUCTION

In the Netherlands a LOw Frequency ARray (LOFAR) is developed [1, 2]. LOFAR is based on the phased
array antenna concept. The antennas are distributed according an exponential scheme, with a dense core
and decreasing density towards the outside. In the dense core, core stations are placed while outside the
core remote stations are used. The main difference between the core and remote stations is the number of
full bandwidth instantenous beams which can be formed.

Initially LOFAR covers the frequency range in two bands respectively denoted as low band (LB) and
high band (HB). The low frequency band goes from 10 to 80 MHz and the high band runs from 120
to 240 MHz. In each station there are of the order 200 LB dipoles (100 dual polarized LB elements)
co-located with 100 dual polarized HB array elements. For each polarization the elements are combined
in a digital beam former.

Beam forming is used to provide for multiple station beams, which can be electronically steered on
the sky. At a central place the corresponding station beams are correlated. Together with a flexible
post-correlator super computer, data storage system and network access functionality, a powerful radio
telescope for the low frequencies is provided.

In this paper, the architecture of a LOFAR remote station is described. Furthermore the data link between
a remote station and the central system is highlighted.

2. LOFAR SYSTEM DESIGN

The antennas in LOFAR are distributed over a large area. To reduce the total data transport within
LOFAR, the antennas are grouped in stations. In the compact core 32 core stations are placed in a
region of about 2 km in diameter. The core stations deliver 24 simultaneous beams with an instantenous
bandwidth of 32 MHz each.

Outside the compact core area 45 remote stations are placed along five arms. The total extent of the
remote stations is about 100 km. Since the remote stations are further away from the core, the number of
beams is set to 1 with an instantaneous bandwidth of 32 MHz each to limit the amount of data transport.
As Fig. 1 shows, the remote stations and core stations are connected to the central system. One of the
main operations in the central system is to correlate the beams of the different stations with each other [3].



Figure 1: LOFAR system level block diagram.

3. LOFAR DATA TRANSPORT

The total data rate from each remote station is initially limited to 3 Gbps. This includes data from sensors
hosted by non-astronomical applications, like geophysics and agriculture as well. Special equipment like
add drop multiplexers will be used to pack the optical signals of multiple remote stations together [4]. A
scheme is applied which minimizes the costs spend on fibers and optical network equipment. It follows
that Course Division Wavelength Multiplexing (CWDM) is a cost effective approach for our application
to date. As a result fewer fibers are required, hence the data rate per fiber increases towards the core.

In the core, where the data transport distances are relatively small, it turns out that SDM (Space Division
Multiplexing) is a more appropriate scheme. The data from the core stations are transported using multi-
ple fiber links. The central system is situated in Groningen at a distance of approximate 80 km from the
core. The core is connected to the central system with a 400 Gbps link.

4. REMOTE STATION ARCHITECTURE

In Fig. 2 the architecture of a remote station is depicted. At the left hand side three types of antennas are
shown: Low Band Low (LBL), Low Band High (LBH) and High Band Antennas (HBA). Each antenna
covers a part of the total input band. Initially only the the LBH and HBA are accommodated. The LBH
antenna is optimized from 30-80 MHz and the HBA from 120-240 MHz. The optional LBL input can
be used for the lower part of the low band from 10-80 MHz. Currently no effort is spend on the LBL
antenna. The frequency window from 80 MHz to 120 MHz is left open, since it is in use for commercial
radio applications. The receptor for the LBH antenna is a low cost wired dipole antenna and the receptor
for the HBA antenna consist of a tile of 16 small dipoles. These dipole signals are combined with an
analog beam former.

Within a station 100 dual polarized LBH antennas and 100 dual polarized HBA antennas will be installed.
The electrical signals are transported via coax cables to a central location within a station (maximal 100 m
away from the antennas).

Antenna signals are fed into a receiver according to a scheme depicted in Fig. 2. In the receiver, an
antenna signal is selected, amplified and filtered. For the receiver a wide band direct digital conversion
architecture is adopted. By using a subsample technique no mixers are required in the signal path. Analog
filters are used to split the band in Nyquist zones, as depicted in Fig. 3.

To convert the complete low band and leave enough margin for the analog filters, a sample frequency of
200 MHz is chosen. Hence, with LOFAR it is possible to convert the whole LBL and LBH signal at once.
Since, the HBA band is larger, two Nyquist zones (from 100-200 MHz and 200-300 MHz) are used for
the high band. To accommodate also for observations in between Nyquist zones an alternative sample
frequency of 160 MHz can be selected as well, resulting in an instantenous bandwidth of 80 MHz.

LOFAR has to operate in a RFI hostile environment. Hence, the resolution of the A/D converter is set to
12 bit.



Figure 2: LOFAR remote station architecture.
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Figure 3: Nyquist zones in the LOFAR remote station receivers.

One of the requirements of LOFAR is to enable multi-beaming. To implement this for an acceptable
cost, the digital signals are first split in small subbands of about 195 kHz (200 MHz mode) with a digital
filter bank (see Fig. 2). In this way the required true time delays necessary for beam forming can be
approximated by phase shifts.

A significant data reduction within a LOFAR station is gained by narrowing the field of view. This is
done in the beam former by adding the subbands of each antenna with an appropriate phase shift to each
other. The astronomical user can freely select 195 kHz subbands out of the 100 MHz bandwidth until an
aggregate of 32 MHz. Additionally the number of beams can be exchanged with bandwidth. In Fig. 2 the
beam former block is shown.

In essence the beam former is a centralized operation, since all antenna signals come together at a single
point. This would lead to a digital board with a high input data rate (order 400 Gbps). In order to prevent
this it is chosen to implement the beam forming in a distributed way. As an additional advantage the
remote station can be easily extended to accommodate for more antennas. Furthermore the beam forming
can be implemented on the digital filter bank boards as well, which saves an additional board.

Fig. 4 depicts the beam forming architecture. This figure shows that multiple receiver signals are accom-
modated by a single filter board. The first stage of the beam forming is done on the same digital board.
In the second stage the result is added by the result of the previous board. The result of this transported



Figure 4: LOFAR remote station beam former architecture

to the next board in the ring.

The final result is transported via 1 GbE links to the outside world. In total 4 digital boards are responsible
to output a quarter of the total bandwidth. This is done to reduce single point of failures, i.e. if one board
goes down the beam forming can still be done over less antennas with a reduced bandwidth.

Part of the ring bandwidth is also used for station background correlation. In this way the correlation
matrix from all antennas within a station can be calculated. This is used for station calibration [5] and
local RFI detection purposes [6].

Fig. 4 shows a buffer as well. This buffer operates in parallel with the data stream and will be used for
storing transient and cosmic ray events. The buffer will be able to store the raw data (maximal 100 MHz
bandwidth) for a one second period. As an alternative the subbands can be stored as well, enabling the
user to trade bandwidth for increased storage time. Also antennas can be traded for storage time.

The buffer is frozen on an internal or external trigger. For the internal trigger mechanisms in LOFAR, a
detection algorithm is implemented for each signal path.

5. CONCLUSION

In this paper an introductory description of the LOFAR radio telescope has been given. The remote station
architecture of LOFAR is presented in more detail. The main goal of a remote station is to reduce the
data rate to an acceptable level. This is done by selecting only a part of the sky. The end user can trade
bandwidth for beams to make an optimal choice for a specific application.
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