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- Background

~ Event Horizon .';I"é,'le'é'qu‘p;e. (EHT) 3

" Image the évent horizon of SgrA* -. -

-’ Global network of telescopes

.' 'velfy Long Baseline Interferometry (VL-BI): ‘

The Event Horizon Telescope
The Global mm-VLBI Array
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Submillimeter Array

‘Mauna Kea, Hawaii - -
8 element interferometer =

32 GHz instantaneous bandwidth



SWARM
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ADCs record data at 4576 GSps 2

| One Quadrant = ~38 Glgablts every second1 RDA C H



Compatibility Issue =~

. 4576GHz - "7 4096GHz

~ Frequency Domain = - Time Doma.i‘n* R ]
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- Non-real-time GPU resampling system .. -~ .= 0. .

SWARM SDBE Mark 6 ) Mark 6 GPU Server Mark 6
Single Quadrant ROACH2 Data Recorder ’ ’ Data Recorder ‘ Data Recorder
e for * 3
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\ DataRates | |  37.50Gbps | | 18.99 Gbps



~ Improvements
~ _APHIDS . . Real-Time Resampler
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Hig h-Level Overview .

Depacketize 0 Data Data Packetize
M .
(B-engine) PEIEM Transpose Reprocessing (VDIF)

Inverse FFT PEe Resampling Requantize




- Resampling
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Practicality

1128 1143

585 b||||on samples every second'

Throw'away 21 billion samples”



Solution
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' Upsampllng
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FIR Filter

e, Ma'gnitude response of filter

63 order FIR filter

- I_.:o.w paés filter

Magnitude (dB)

64 coefficients - . .
T PR 15 20 25

. : X . Frequency (GHz) | |
Least-squares linear phase ~ * = F=2138GHz . -
Fetop = 2.288 GHz ..



FIR Filter Design-
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FIR Filled,

. - 16Filters = L e

1024 multiplies ‘

. 768 adds ‘ »




Downsampling
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Simulated Input

1 GHz Sine Wave Input

|
X:1le+09

1GHzsinewave ;|

- 4.576 GHZ sample rate

Amplitude [dB]

. 16 parallel samples per clock

-1 -0.5 0 0.5 1
Frequency [Hz]




Simulated Results -

. Theoretical output from MATLAB * Outpu tf mSm ulink Design



Bit Growth
| S Full bit depth:
U?&?mpled by 16 Downsampled by 17.875; Demux 16 (FPGA) §

, Reduced’bit depth
U?ggmpled by 16 Downsampled by 17.875; Demux 16 (FPGA)
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16_14 bit input . - .8 7 bitinput
16_14 bit coefficients | - = . 8_7hit coefficients
" 34_28 bit output ‘ . “18_14 bit output




Resource usage




Conclusion

Real Time Implementation
Pafall_él FIR Fi'It‘er-.Design et s
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Future Work -
n ‘Rémévé inyalid-o'utb.u't's

| Incorporate i_hto Real-Time Resampling System
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