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your computer works ??

Here is your code
and your variables

Instruction

Instruction
— Decoder .
i : : Here is the core of your CPU,

which performs only one
operations at a time. ALU stands

Registers - for Arithmetic Logic Unit.

This connection (CPU bus)
carries each result back to
the CPU registers

= All instructions are evaluated in a sequential way
= There is no real parallel computing on your PC
= At best you can have a few cores / threads
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Field Programmahle Gate}Array (RXETAY)
(Re)Configurable Hardware: A new approach

In a FPGA can be done in 0.1 seconds

 \We can process a ~100 Gbps data rate in
real time in a single FPGA chip.

e Large number of Input/Output pins, no input
bandwidth bottleneck

» Easily scalable

FPGA fabric schematic
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analog signal processing that can be
done in digital

Frequency Hybrid

E Vi i
splitting and phase shifting qualizer / Filter

The analog component only works well
on a limited bandwidth

Only simple gain/phase characteristics
can be implemented in practice.
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tal Sideband Separation

____ Tocalibration BRAMs
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S 4
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1 1
Q channel : ' FPGA dock frequency = ADC Frequency/4 Power  accumulator

Analog Front End FPGA (Virtex-5) based processing platform (ROACH)

e | and Q amplitude and phase unbalances are measured after the FFT

o Calibration vectors C1-C4 (complex) are applied before adding.
(C1=C4=1 if not equalization is required)

o Passband ripple calibration “for free” using all C vectors.

o “Perfect” sideband rejection can be achieved, only limited by ADC
dynamic range and calibration accuracy.



Band 9 Analogue and Digital Sideband rejection
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Digital

Polarization

Synthesis.

SSB Antialiasing
Mixer filter

X

12-17.4 GHz

>
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IF Band 0.1-600 MHz
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ylo calibration BRAMs
36bits (18 bits used in the real and imaginary parts)

36hits
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36bits
FIR FFT

4 taps 18 hits, 2048 ch

36bits
FIR FFT
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36bits
FIR FFT

Ataps  18Dits, 2048 ch

FPGA clock frequency = ADC Frequency/8

40bits C

Power
Accumulator

- 40bits -
I .' IF Y-pol
ed
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Power
: Accumulator

FPGA (Virtex-6) processing platform (ROACH Il)
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Digital Polarization Synthesis (DOMT)

Uncalibrated cross-pol (VNA measurement)
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Fast Radio Burst (FRB) detection

e Most spectrometers integrates for seconds
before dumping data to disk

 FRBs are undetectable for this type of back
end

 Modern FPGAs allow cost-effective
Implementation of FRBs detectors

 FRBs surveys can be done in “commensal”
mode, i.e. not requiring telescope time.

receiver

Ring
Buffer




Interleaving spurious real-time subtraction
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Spurious real-time subtraction
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Phased Arrays
Applications beyond astronomy:

Adaptive Smart

Antenna

() single user tracking (b meoalti vser tracking

Figure 3 Adapfive Array Smarf Anferpias

Ethernet

Ethernet
E:




g hundreds of Gbps in real
usiness of receiver and back-end
design

v' >40 dB digital sideband separation demonstrated at ALMA B3 (3mm) and
B9 (1.2mm) wavelengths. 20-30 dB better than current analog technology

v"  Digital polarization synthesis demonstrated. Mostly useful for small
fields point-like observations.

v" RFl and ADC artifacts can be removed in real time.

v"  FRBs and other short-time domain detectors become practical

v' Very promising applications outside astronomy

Direct RF Digital Signal Processing is now a reality, its
full potential is still to be seen.
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