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Introduction

Applying Machine Learning (ML) algorithms to off-ine data from the Offline fraining and testing: Receiver Operator Characteristics (ROC) curve
Differential beam Current Monitor (DCM) showed the existence of from T.rcunlng and test data |Ilusfrgfe binary classification performance > RF
precursors fo errant beam pulses!!2- and Siamese have < 0.05% FPR with FPR between 50-60%.

Duplicating the DCM into the DCML allows us to update and run the ML Uncertainty-aware SNN provide uncertainty for prediction to distinguish
algorithms during operations without affecting the beam abort functions. unseen anomaly types.
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Implementation: We apply trained models, implemented in C++ on DCML
e and Phyton on ML server, to incoming accelerator data during production.

Use before

e DCML:

abnormal

. « Can run up to 4 deterministic inferences
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DCM(L) archives up to 25
ML before the errant beam pulse
server

* The DCML runs a Random Forest model on its FPFGA and a Siamese Twin

B N DCML live results (Siamese/RF
model on its real-time CPU upstream/downstream
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» The ML Server receives a live data-stream containing the waveforms and )
can archive all data for a limited time (~6 hrs) b e e T
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Machine Learning Methods

Siamese Neural Network (SNN) Model

Determine similarity between normal and unknown sample.

A . X . . Chopper partial failure is seen 1 Hz beam (instead of 60 mEmEm s m e
Gaussian  Process (GP) approximation is infroduced for uncertainty as abnormal beam Hz) is seen as abnormal R S
quanfification (UQ) including out-of-distribution detection. =i G E D‘f“‘,“f( :
R EES Dissimior=
Normal_N i ‘D:,e[er;noe ‘:\,equ}red ‘D;lefer?nce ‘f]ulu'lred ML Server:
Normal i e aveiorns ntor . o
o =Ummm i 1 i Can run 20 deterministic inferences per pulse at SR TSEEen
L1 e certainty [ Reset Network for ] [ e Network o ] 60 Hz to compare incoming waveform with
Sirlmlarity i multiple references (can be normal or
Beam pulse Beam pulse abnormal)

Siamese model on DCML

« Create average similarity to improve results

« Presents results over EPICS

Output Layer with GP

Real-fime Siamese (o) i
» Makes inferences before the next pulse Similarity Score o Similarity Seore Uncertainty ;
- Can abort before the next beam pulse eIl UnEEiElnify ERETD « Initial results during production showed some trends and detected

errant beam pulses but not good enough to execute an abort during
operations. The model and references samples were from data in the
past.

* We can now have several sets of 2 hours of all beam pulses (@60 Hz) to
analyze

What performance is needed?

-> we want to achieve a False Positive Rate = 0.05%

Random Forest (RF) Model on FPGA e

RF consists of multiple decision trees to use N ﬁ;%‘,ﬁ + Finish framework to quickly train new models

distinct feat . f T i aaaTi:“M.\ Sedyd A L.
istinct features in a waveform to vote - Support incremental training
j i lass-2 Class-B. Class-B . X . .
\éé?gg?i(:r:egoénﬁ:oFélqi;rom. Majority - vote - [Niaor-Voing J » Further improve models and add equipment fault classification
’ Automated,push buton Random Forest | « Abort beam pulses to determine if the errant pulse is avoidable
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