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The Challenges

2000 -

Output of AB
Complex detector setup
- 8 layers muon detector

4000~

- 8800 microstrips per detector layer B
High data througoutput for detector data K “

- 8800 x 8 detector image each microsecond o
Small processing time Window

- Processing should be done under 1 microsecond P TPTP

- Accuracy is a key point



Possible approaches
o0

All prroaches use Field Programable Gate Arrays
due the timing constraints.

A
RTL HLS ML
Register Transfer Level High Level Synthesis Machine Learning
implemented using Verilog or Implemented using high Implemented using
VHDL level programming regressor networks using
Low level Digital Electronics languages (C/C++) converted FPGA based accelerator

Blocks to RTL cards



Previous work

This work is based upon the approach presented in the paper:

[.-M. Dinu, I. S. Trandafir, C. Alexa, A Machine Learning Based Muon Trigger  .....
Algorithm for an Assembly of Micromegas Detector, Romanian Journal in
Physics, Vol. 67, No. 7-8, 2022

Our work extends this work by implementing the regression models using

VITIS-AI framework on Xilinx Alveo U280-PQ card. comas DI
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Processing Pileline

O 1 Float model

O DPU synthesis

7 7/
Machine Learning using Transform the Quantized model
’ tensorflow (v.2.9.6) using CNN to DPU (U280) compatible one
approach for AB regression /' with full mapping on the DPU %
| ' '
AN e+
\ } < -~ \
\
Mo OZ Quantlzed model »4
2 DPU integration
Transform the float model to Run model on DPU us|ng CPU for
integer based model required by integer to float conversion
the DPU synthesis allowing full regression on the

T system.



Model details

Loss

= =i Model Development

Model training results
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Conclusions and Future developments

We have implemented using FPGA based DPU system U280
the trigger processor algorithm prototype using a Machine
Learning approach for background discrimination applied for _ectrode (HVA)
Micromegas multi-layer detector systems. oo f
FPGA mapping is a challenging and iterative problem for ML

regression algorithms due the dynamic nature of the

technology with great potential for high speed data

processing environments. | .

The simplified model shown today allows for AB evaluation ~  -ooeeeeee v teclLb i A ) S
with and big error so one of the steps we are working on are *™r" e
to future improve the model. T
All CPU layers have to mapped to IP (Intellectual Property)
directly on the FPGA board.

Anode Strips (V=0)

Timing considerations provide us with specific
restrictions to the implemented model leading to
specific RTL/HLS optimizations

Gharge
Pani'g’l
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