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Abstract. Hydra is an extensible framework for training and managing AI for near real time
monitoring that aims to replace the tedious and repetitive data quality monitoring activities the
shift crew and online monitoring coordinator typically perform. It continuously scans incoming
data in the form of monitoring plots for signs of problems, flagging them for human review. A
web app was developed such that experts can efficiently label images for training. Labels are
stored in a database for use in training and model validation. Backed up by a comprehensive
database, it utilizes an additional web based front-end for viewing the current monitoring status
from anywhere in the world. The system has been in production use for the GlueX experiment
at Jefferson Lab for more than 2 years with new features still under active development.

1. Introduction
Online monitoring is a critical component to successful data taking during nuclear physics
experiments. Given the large expense of experiments and the quantity of data generated,
it is essential to identify anomalous or faulty detector behavior as soon as possible. This is
difficult when most experiments rely on shift takers with varying levels of expertise and a lack
of standardized monitoring intervals.

At Jefferson Lab, the four experimental halls (A, B, C, and D) generate monitoring histograms
throughout their respective data taking sessions, usually referred to as “runs”. For each run, a
unique “run number” will contain a set of histograms generated for each detector system. In
Hall B, experiments using the CLAS12 spectrometer [1] generate over 400 monitoring histograms
per run number which are analyzed by the shift crew for potential problems. The sheer volume
of histograms to look at often leads to missed problems. In Hall D, an Online Monitoring
Coordinator is charged with an additional review of all plots from the preceding 24 hours and
providing summaries as to the status of the detectors. This amounts to reviewing hundreds of
plots each day, a time consuming and labor intensive task. This is made even more difficult when
special tests are conducted and not well documented. These tests can often look like problems
to the non-expert when in fact they represent a specific special configuration and should not be
treated as problematic.

2. Hydra
With numerous histograms to analyze and a natural variation among the observers with which
the analysis is done, there is a need to standardize and automate online monitoring. Hydra is
an AI based system that aids shift takers with online monitoring during experiments. Hydra
provides a scalable framework for managing the training, deployment, and running of a multitude
of machine learning models. Hydra models are trained to classify monitoring images from various
detector systems in near real time during data taking. For the GlueX experiment in Hall D [2],



this amounts to classifying each monitoring histogram approximately once per minute (a time
period necessary to gather sufficient statistics). Inception V3 [3], created by Google, was chosen
as the default model type in order to reduce the overhead spent developing a bespoke model
topology to complete image classification tasks for a specific plot.

2.1. Data Set
Hydra initially utilized the already saved and collated monitoring images from the different
experiments in each Hall at Jefferson Lab. To make labeling historical data sets easier, a web site
was developed that displays available labels and each monitoring histogram, sorted by detector
and time-ordered by the unique run number. These labels and references to the corresponding
images are saved into a database to be used for training. A snapshot of the web page is shown
in Fig. 1. Detector experts are typically labeling a subset of images throughout the duration of
the experiments. This unbiased set of saved images is configurable within Hydra. In addition,
Hydra is configured to save specific images it thinks it needs for future training and validation,
namely images indicating problematic behavior and images for which the model is less confident
in. These images automatically appear on the labeling website.

Figure 1. The Data Labeler web page. Monitoring histograms are sorted by detector and run
number. Each image can then be quickly labeled utilizing the available labels that appear above
the set of images. The images and labels are stored in a database to be used for training.

2.2. Training
A model is trained for each detector system that has the associated monitoring histograms
labeled. Most of the time, the detectors work as designed and this results in many more ’Good’
images compared to few examples of ’Bad’ images. In order to balance the training, we can
strategically reduce (i.e. under sample) the number of “Good” images. An example “Normal”
and “Under” sampling are shown in Fig. 2. Essentially, we use all examples of “Bad” images,
which tend to have much higher variance than nominal operation, and under sample the “Good”
images, which tend to be much lower in variation. For the No Data category, randomly selected
individual examples are duplicated until the data set size matches the number of bad instances.
This has the effect of training an equally accurate model in about one fifth of the time (for
detectors with a sufficiently large number of labeled plots). If there are no examples of a specific
label type, that label is automatically dropped from the training. Details from the training,
including number of epochs, loss, model name, and the path to saved model location is stored
in a database.

2.3. Testing
Each model is validated before being put into production. After training, inference is run on
each image associated with that model. If there are discrepancies between the label given by
the expert and Hydra’s classification, then those images, labels, and Hydra’s confidence are
tabulated for further review by the associated expert. Typically, a model will be between 90%
and 95% accurate after training. Further review and correction of human errors in labeling raises
that value to about 98% without retraining. If there is a “large” number of these discrepancies,



Figure 2. ’Normal’ and ’Under’ sampling schemes. Note the counts are different between the
two schemes due to changes in random selection. Given enough statistics the ’Under’ sampling
scheme produces models just as accurate as other sampling methods in around one-fifth the
time.

as compared to the total data set, the model is retrained. An “enhanced” confusion matrix (Fig.
3) is formed that displays counts in each matrix element, as is typical for confusion matrices,
along with the associated confidence levels of the model’s predictions. This adds a level of
interpretability and allows users to answer questions such as: “When the model is wrong,
how confident is it?”. This can help distinguish between modalities, which may need more
work/training to resolve and those that are borderline and may not be imminently correctable.

Figure 3. An example ’enhanced’ confusion matrix. In this matrix all combinations of AI
prediction and Expert Labels are plotted; the number above the distribution represents the
count in each element and when taken alone is the standard confusion matrix. The distribution
represents the confidence (between 0.0 and 1.0) the model had in its classification.

3. Operation
Hydra provides near real-time monitoring in the form of a web page, referred to as the Hydra
Run page. A snapshot of the page for Hall B at Jefferson Lab is shown in Fig. 4. The page
displays all of the latest monitoring histograms and the associated run number, date and time,
and Hydra’s prediction and confidence. In the event Hydra is confident that an image is “Bad”,
the square is highlighted in red to notify the shift crew. Hydra can also be connected to the
alarm system and provide an audible alarm to the shift crew. A separate page, referred to as



Hydra Log, contains histograms that Hydra either labeled as “Bad” or was not confident in.
This page aids experts in reviewing the status of the detectors by focusing on images associated
with potential issues.

Figure 4. The Hydra Run page as seen by the shift crew and detector experts. Each block
contains the image name, run number, date and time, and Hydra’s classification and confidence.
If Hydra is confident that an image is ’Bad’, the block is highlighted in red and, if configured,
an audible alarm will alert the shift crew to the problem.

4. Future Work
Hydra has been used in Hall D at Jefferson Lab since 2019. Deployments in all of the other
Halls at the lab are ongoing. In addition, Gradient Class Activation Maps [4] (GradCAM) are
being implemented for the purpose of understanding why Hydra classified an image as “Good”
or “Bad”. An example use case of GradCAM is shown in Fig. 5. This is a sample online
monitoring image from Hall B. The detector expert labeled the image as “Bad”, and Hydra
correctly classified the image. In order to understand Hydra’s classification, we can utilize
GradCAM to identify regions of the image that are important for the classification. For this
particular image, Hydra is looking at the low occupancy histogram in the bottom right panel.
This is confirmed by the detector expert.



Figure 5. Left: A typical online monitoring histogram from Hall B. The red circle indicates a
low occupancy, as identified by the detector expert. Right: The original image with a GradCAM
heat map overlayed, identifying the regions of the image that are important for the specific
classification.

5. Summary
Hydra is an AI based system that performs online monitoring in a standardized, efficient manner.
It uses the same plots developed for human shift takers to monitor data quality during an
experiment. Hydra is able to classify images in near real time and can alert the shift crew of
significant problems as they occur. Hydra has a user friendly interface via a web browser that
allows the shift crew and detector experts to monitor experiments from anywhere in the world.
Initially deployed in Hall D at Jefferson Lab, further deployments in each of the remaining
3 halls at Jefferson Lab is in progress. In addition, advances in computer vision related to
interpretability are being implemented to help identify particular areas of the images that are
important for its classification. Such techniques could be used to identify specific types of
detector behavior, such as a dead channel.
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