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1. Introduction
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In the AMS-02 Layer-0 readout:

Common Noise estimation

* performed event-by-event;

* required before cluster identification.

Use of the median

e provides a robust estimate of the noise level;

* isless affected by particle-induced outliers than the mean.
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Streaming processing

e the median is updated while ADC samples are being
acquired;

* no full acquisition and post-sorting step is required;

e Latency reduction between the last ADC word and the
availability of the CN.
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2. The SMA Algorithm

SMA organizes the input stream into two balanced heaps:
Data partitioning

* a max-heap stores the lower values;

* a min-heap stores the upper values.

Online update

 each new sample is inserted into the appropriate heap;
* the two structures are rebalanced after every insertion.
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Max-Heap

Median Computation

* the max-heap root is the largest value of the lower half;

* the min-heap root is the smallest value of the upper half;

* these two roots are the only values needed to compute the
median, avoiding full sorting of the dataset.

Operation Cost

Min-Heap

Heap selection 0O(1)
Heap insertion O(log n)
Root extraction O(log n)
Rebalance O(log n)
Median computation 0O(1)

4. VHDL Implementation Details

The VHDL architecture is organized into reusable synchronous

modules:

Max Heap & Min Heap

e store signed input values;

 provide the current root and the number of stored elements.

* insertion places the new value and restores the heap order
through upward reordering;

* root extraction replaces the removed element and restores the
order through downward reordering.

SMA controller

* routes each input sample to the appropriate heap;

 checks the balance between the two structures;

* moves one root when rebalancing is required.

Median computation

 the two central values are always available at the heap roots;

* the median is derived directly from them;

* new samples are accepted only after insertion and balancing
are completed.
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10,000 independent events simulated

5. Tests and results

Cumulative post-acquisition latency
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64 input samples per event
Input rate: 1 sample every 1 us,
Fc = 100 MHz (Tc = 10ns)
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SMA Median of Medians:
* processes data during acquisition
e provides the final median after the 64th sample
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Classical reference:

— Fy|| sort

* waits for the full event

* fully sorts the 64 values

e extracts the central value

Measured quantity:

* latency from the first input sample to the available
median

Performance metric:

 cumulative latency gain over the complete 10,000-
event benchmark
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Worst-case busy analysis:
* single 64-sample event designed to maximize SMAXx2

Worst-case-oriented event: busy duration per inserted sample

19.92 19.94 19.96 19.98 20.02

Tail latency saved [us/event]

20.00

reordering and rebalancing;

* busy duration measured after each inserted sample.

Observed result:

* the maximum busy time is 20 clock cycles;

 the highest peaks occur every 8 samples, when the
BOT median is transferred to SMA TOP;

 at 100 MHz, this corresponds to a worst-case update
time of 200 ns.
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3. FPGA Implementation context
The SMA block is integrated into the FPGA back-end of the AMS-02 Layer-0 °

readout chain:
Implementation context
* mapped on the IGLOO2 M2GL0O60-VF400I FPGA;

detection.
Median-of-medians

medians architecture.
divides the stream into groups of 8 samples.

Two-level processing
 All ADC samples are first processed by SMA BOT.

64-sample event processing

by SMA TOP over these intermediate values.
Additional simplification

two central values.

implementation while preserving the required throughput.

 placed after pedestal subtraction and before CN subtraction and cluster

 To reduce FPGA resource usage, the SMA adopts a two-level median-of-

* Instead of computing the median directly over all the 64 ADC samples, it swasot

* Once SMA BOT is full, its local median is forwarded to SMA TOP.
e SMA TOP incrementally processes these intermediate medians.

 With an 8-sample SMA BOT, a 64-sample event generates 8 local medians.
* The final Common Noise estimate is obtained from the median computed
* For even-sized sets, the lower median is selected instead of averaging the o

 This avoids extra arithmetic logic, yielding a more compact and scalable

PEDESTAL CN FIFO
—>»| ADC-LEF [—> SUBTRAC. » CN COMP. SUBTRACT. —> 1 —>
v 7
SMA
i FIFO
0 °
SMA TOP

* The two-level architecture provides a

* This makes SMA_x2 well suited for the

6. Conclusions

SMA Median of Medians performs
median-based Common Noise
“estimation” during data acquisition.

compact and scalable FPGA
implementation.

Compared with full sorting, the streaming
approach reduces the delay between
event readout and CN availability.

real-time AMS-02 Layer-0 back-end
processing chain.

Resource Usage Resource Usage

Type Used Total Percentage Type Used Total Percentage
4LUT 19587 | 56520 | 34 .65 4LUT 2576 56520 4.56

DFF 4552 | 5B520 8.05 DFF 569 | 56520 1.01

/0 Register 0 G621 | 0.00 I/0 Register 0 621 0.00

User /O 290 207 14010 User /O 38 207 | 18.36

- Single-ended /O 290 207 14010 - Single-ended /O 38 207 | 18.36

- Differential I/O Pairs | 0 103 0.00 -- Differential I/O Pairs 103 | 0.00
RAMG4x18 RAMB4x18 72 0.00
RAM1K18 RAM1K1B 69 0.00

MACC 72 0.00 MACC 72 0.00
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