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1: Initialize Q(s, a) arbitrarily

2: for all episode do

3: Initialize s

4: Choose a from s using policy derived from Q
(e.g., egreedy)

5: for all step of episode do

6: Take action a, observe 7, s’

7: Choose a' from s’ using policy derived from Q
(e.g., egreedy)

8: O(s, a) — s, a) + a[r +y0(s', a’) = O(s, @)]
9:s«—sja—a’

10: end for

11: end for
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1: Initialize Q(s, a) arbitrarily
2: for all episode do
3: Initialize §;
4: Choose a; from §; by calculating the centre of
mass using all § that match crisp s and &, following ¢
greedy selection policy.
5: for all step of episode do
6: Take action 4, observe r, Sq4;
7: Choose i, from §. using & greedy selection
policy for all§;;; matchs,;; o
8: FQ(8'1, a'1) = FQ(B'), 8'v1) + a&i'vr, awp[rt yZ
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9: 8¢ 81 e Ay,
10: end for
11: end for
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A NEW FUZZY SARSA ALGORITHM FOR BLOOD GLUCOSE
LEVELPREDICTION IN TYPE 1 DIABETICS
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ABSTRACT

Background: One of the serious complications of type 1 diabetes is a sudden increase and drop in
blood glucose levels causing risks of anesthesia and coma. Thus, an important step towards the
optimal control of the disease is to use intelligent methods with low error rate and available
information in order to predict and prevent such complications. In this paper, a combined Fuzzy
SARSA algorithm was employed to design an expert system to predict fluctuations in blood glucose
levels in patients with type 1 diabetes. The aim of this paper is to propose and implement a new
algorithm based on reinforcement learning and fuzzy logic called FSA (Fuzzy SARSA Algorithm) to
develop an expert system.

Methods: The medical data used in this article were related to 3 Iranian female patients with type 1
diabetes. The data included parameters such as the type and dose of injected insulin and time interval
between the hours of recorded blood glucose level and the one at the beginning of the period. A well-
known reinforcement learning algorithm called SARSA was implemented with fuzzy logic. The Fuzzy
SARSA algorithm was used in an expert system to predict fluctuations in blood glucose levels in
patients with type 1 diabetes.

Results: The results of the expert system with the proposed FSA algorithm for a learning factor
included the parameters of blood glucose level at the beginning of the period (mg/dlit), short-acting
injected insulin dose in to the body (unit), long-acting injected insulin dose (unit), stress level (unit),
physical activity level (unit), used carbs (gr), and the interval between the beginning and end of the
period (hour). They indicated that the factor managed to keep blood glucose levels at 85% in a normal
range of 80 to 120, and it had 15% error. The error was observed in cases in which there was no proper
exploratory factor for short-acting and long-acting injected insulin.

Conclusion: According to the results, it was found that the proposed algorithm for intelligent system,
with an approximate reduction of 15% in prediction error, can be used as a good model to predict
fluctuations in blood glucose levels in patients with type 1 diabetes in comparison with other
conventional methods including the ones based on reinforcement learning. In addition, other
prediction methods based on artificial intelligence such as neural networks can be used to predict the
results accurately.

Keywords: Reinforcement Learning, Fuzzy SARSA Algorithm, Diabetes, Predicting Fluctuations in
Blood Sugar Levels
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