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Abstract-

Stem Effect has been identified as a major characteristic of fiber optic-coupled
dosimetry (FOCD) systems that limits the overall accuracy of the readings. The majority
of work on compensating for the stem effect has revolved around sophisticated
apparatus or analog signal processing techniques. In this paper, we present the results
of a software-based technique, primarily relying on machine learning algorithms, to
estimate and offset stem effects in FOCDs. We obtained data from a Ge-doped silica
scintillator system, comprising a PMMA channel and PMT detector. Radiation was
supplied by an Elekta Synergy radiotherapy machine, providing 6MV photon radiation at
dose rates between 35 to 600 MU/min (1 MU = 1 cGy). The radioluminescence signal (RL)
was acquired using two in-house assembled reader units, capable of capturing data at a
50ps gate time, with a buffer capacity of 1,000,000 points, effectively allowing a data
acquisition window of 50 seconds. The radiation source operates with a pulse repetition
frequency (prf) of 400Hz at the highest dose rate, delivering a pulse every 2.5 seconds.
Therefore, the gate time of the data acquisition system offers the ability to capture the
radiation in a pulse-by-pulse mode. The pulse-by-pulse mode, or time-resolved
measurements, allows for analyzing and processing individual pulses for dose
information or signal correction. By reading the response of nascent PMMA optical fiber
channels, we may obtain the emission from the carrier fiber alone. Pulse-by-pulse
measurements allow further capability to record the individual pulses comprising the
stem effect. In this study, we first used the double carrier method to capture the raw data.
Initial measurements were made using two nascent PMMA optical fibers. Once their
response was standardized, the Ge-doped scintillator was attached to one of the PMMA
fibers.

It has been previously shown that Ge-doped silica scintillators produce an RL signal fast
enough to distinguish between responses from two adjacent pulses, while being long
enough for the photodetector to capture sufficient data that sustains beyond the stem
effect. The data we observed were processed through a pulse detection technique
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developed during the study. Once each pulse was recorded and stored separately in a
database, standard regression models were applied to the data to produce prediction
models for the stem effect component in the entire RL signal. Variation in the stem effect
was implemented by placing various lengths (2, 3, 4, and 5 cm) of the PMMA fiber inside
the field while keeping the same scintillator. It was observed that the stem effect varied
greatly, fluctuating to about 300% of the smallest recorded signal, effectively creating an
over-estimation of dose up to 45% in certain locations. The ground truth for the dose was
established by utilizing the subtraction method at various positions of the scintillator
within the 10x10 field from multiple measurements at variable gate times, and the mean
RL response for a 30 MU dose solely from the scintillator was found to be 114942 counts
with a standard deviation and standard error of 2850 and 1425 counts, respectively.

Our current model predicts the stem effect component on a pulse-by-pulse basis with
an accuracy of 81.8%. By utilizing this stem effect prediction model, we were able to
perform the data correction for stem effect within the software, obtaining mean RL
counts of 124696, 117554, 110564, and 109371 for 2, 3, 4, and 5 cm of PMMA length in
the field, respectively. Based on the previous mean of 114942 counts and a standard
deviation of 2850 counts, the Z-scores for the predicted readings of 124696, 117554,
110564, and 109371 counts are approximately 3.42, 0.92, -1.54, and -1.95, respectively.
The Z-score for 124696 counts indicates that it is an outlier, as it is more than three
standard deviations above the mean. In contrast, the Z-scores for 117554, 110564, and
109371 are within the expected range of -2 to 2, suggesting these values are not outliers
and are reasonably close to the mean. The exercise undertaken in this study suggests a
strong case for the integration of machine learning techniques in addressing stem effect
removal, especially for real-time systems without the need for additional hardware or
apparatus.
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