
  

FPGAs for timing and compression

? Did we stop counting?

Håkan T. Johansson, Chalmers, Göteborg
SFAIR / SFS-KF XLI(I)?, AlbaNova, Stockholm, Oct 2022



  

High-precision time and clock 
distribution - Rataclock

● Single-wire, DC-balanced
serial clock + time signal

● PLL-friendly (-> clock)
● 64-bit timestamp, continuously

● Used @ R3B in 2022
(FOOT, TPC)

● DTAS (DESPEC), 2022

● Several more prepared... http://fy.chalmers.se/~f96hajo/rataser/

1 10 0

Developed with paper-clips...
● < 50 ps so far (with SIS3316)

(Talk by
Hans) & elsewhere!

With Bastian Löher, GSI.
”sales”, HW & test.

http://fy.chalmers.se/~f96hajo/rataser/


  

Adaptive downsampling:

● What is the gain?

● What is the damage?

Adaptive downsamping for DPTC:
Developed by (MSc theses):

Lukas Rahmn, Anton Fredriksson (2020)
Hezhe Xiao (2021)

Traces: size, value and cost



  

DPTC:
Giovanni Bruni and H T Johansson

IEEE Trans. on Circuits and Systems I,
Vol 67 (1), Jan. 2020.

0. Get a trace.

1. Calculate differences.
2. Group (e.g. by 4).
3. Determine min. bits
    needed in group.

4. Store.
    Group headers give
    bits/sample.

Easiest: ask a friend!

In the previous episode… (DPTC)
Difference predicted trace compression

Presented by Giovanni at
SFS-KF XXXVII, 2017, AlbaNova

Presented by Giovanni at
SFS-KF XXXVII, 2017, AlbaNova

DPTC in use:
F. Hueso-González et al.,

A dead-time-free data acquisition system
for prompt gamma-ray measurements during

proton therapy treatments
NIM A, 1033, 2022.

Struck SIS1160/SFMC01 (FPGA)

At R3B, for FOOT (Si) readout
Terasic DE10 nano boards (ARM CPU)

(Talk by
Hans)



  

Non-ideal measurements
● Physical processes (statistical)

(e.g. energy straggling)

● Material/detector imperfections
(e.g. thickness variation)

● Noise
(e.g. thermal; Ge cooling…, electronics)

● Drift
(electronics, temperature...)

● Digitisation (integer quantisation)
(often negligible)

● Compression (lossy)
(traces)

● Data treatment / analysis

Geant4
(Monte Carlo)

Calibration,
Reconstruction

Time-varying...
Today

Focus

or  Why experimentalists
not are bored...

Simulation
realism...

Today (exception):
our ”accomplice”.



  

DPTC storage cost is noise driven!
Difference predicted trace compression

Based on the noise of the signal...

… the average storage size (bits/sample) is estimated...
...and matches actual!



  

DPTC storage cost is noise driven!
Difference predicted trace compression

Based on the noise of the signal...

… the average storage size (bits/sample) is estimated...
...and matches actual!

Side remark:

Testing with real data critical.

DPTC developments were first
done with synthetic traces.

(i.e. we thought we know how
traces and noise behave.)

We were … not right.

Major change to storage
(i.e. compression) strategy...

Among
friends...



  

Adaptive 
downsampling

Reduce storage need by
reducing number of samples:

● Combine as average.

● Where ’compatible’ with noise.

● Lossy…  (but maintains integral)



  

Adaptive downsampling: method

Group samples into as
few averages as ’possible’.

’Possible’ when deviations are
within expectations of noise (σnoise).

Control parameter: K

Averaging lengths: 2n,
only change -1,0, or +1 each step.

Additional storage: 1 or 2 bits per
average.  (1 for 0, 2 for ± 1).

∑
j=1

2n

xi+ j−1−∑
j=1

2n

xi− j<K √2n+1
σ

For all xi and all n < max level:

● Yes: no restriction.

● No: averaging length ≤ 2n

for xi-1, xi.



  

Real-world traces – costs (savings)

Lossless (DPTC)

Lossy (ADS-DPTC)

How lossy?

Typical non-compressed size:
16 bits / sample.

(12/10 bit flash-ADC)



  

”D
am

ag
e 

re
po

rt”
The fate of one particular Gaussian:

To assess the impact of
the lossy compression:

Study fits of
Gaussian pulses.

Next page:
Many Gaussians

It can a lw
ays g et w

ors e…
   →



  

”Damage report”
The fate of one particular Gaussian:

Reconstruction error of
ensamble of Gaussians:

All a0 = 10.0,
w0 = 5.62,
σnoise = 1.0.

Quite some
visual
difference

’Small’ fit
difference
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Linear (triple)
downsample
conditon.

”Terra
impraticabile”

(No fit – too
much noise.)
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Step (pair)
downsample
conditon.



  

Wrapping up: savings vs. loss

Note: precision loss compared to noise loss only.
Detection processes may induce much larger uncertainties,

due to statistical physical processes,
e.g. energy loss straggling.



  

Wanted!

● Do you analyse pulse shapes?
● Does your analysis yield FoM values?

● Want to try ADS-DPTC?

Figure-of-merit;
Signal separation…

=
Quantify quality?

Real-world examples of final-result effects...

→ Please contact me.



  

Finale!

Thank you!
Adaptive downsamping for DPTC:

Developed by (MSc theses):
Lukas Rahmn, Anton Fredriksson (2020)

Hezhe Xiao (2021)



  

64-bit timestamp + 16 extra 07fa56783456df4e  0645

0 1 1 1 0 1 0 1 1 0 1

p0 p1 p2 d1 p3 d2 d3 d4 p4 d5 d6 d7 d8 d9 d10 d11

4 time + 2 group + 5 signals

Hamming 11 data+5parity

24-slot word
2x8 data+6 mark+2x1 aux

a  0  A  b  v  B  0  c  C  1  d  D  VV  e  E  f  F  0  g  G  1  1  h  H

0 1 x X x X x X
2 mark + 3x2 duplication
(optional)

Fixed rising edge period;
Encode as long/short

0011111111111100000000000000000011111111111111111000000000000111111111110000000000000000001111111111111111110000

Rataclock protocol
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