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Abstract 
Research has been done previously in our group to 
develop probability-based framework which exploits 
existing domain knowledge in the form of mathematical 
models and uses real-time data streams to individualise 
model parameters. The focus of this current research is 
to design and develop new machine learning algorithms 
to inductively learn probabilistic models; specifically 
Dynamic Bayesian Networks (DBNs) by taking the DBN 
derived from a mathematical model a starting point. We 
believe that we will be able to learn structures that 
perform better than the original ones. 
 
1. Introduction 

Artificial Intelligence (AI) techniques have been 
applied in medical settings for many years. Their 
potential to exploit meaningful relationship within a 
data set can be used in the diagnosis, treatment and 
predicting outcome in many clinical scenarios. The 
Intensive Care Unit (ICU) is particularly suited to the 
use of AI tools due to the wealth of available data and 
the opportunities for increased efficiency. 

DBNs are Bayesian networks that represent temporal 
systems, i.e. where the past state influences the current 
state. The purpose of a DBN is to infer probable values 
for the hidden variables as they evolve over time.  
2. Previous Work 

Research has been done previously to develop 
probability-based framework which exploits existing 
domain knowledge in the form of mathematical models 
and uses real-time data streams to individualise model 
parameters[1, 2]. Mathematical models in form of 
ODEs were encapsulated in DBN framework. The DBN 
network can handle both data and model uncertainty in 
a principled manner and are used for temporal data 
mining with noisy and missing data, and to re-estimate 
model parameters automatically and continuously using 
data streams. The methodology was then applied to 
problem of regulating glycaemia in ICU patients. 
Significant results were achieved. 

 
3. Objectives 

The focus of this research is to improve the accuracy 
of the DBN model built from an existing mathematical 
model by fine tuning its structure.  Taking this DBN as 
an initial structure, we will devise and implement a new 
search and score based machine learning algorithm to 
learn a DBN structure that more accurately reflects 
observational evidence than the original DBN that was 
constructed from general mathematical models. We 
believe that we will achieve significantly improved 
results when performing inference using the new 

modified DBN. It can be a powerful tool for reasoning 
with uncertain and sparse data. We also propose to 
develop a method to map our refined DBNs back to 
mathematical models, in order to gain insight into how 
the original mathematical models could be modified. 
The whole idea is reflected in Figure 1. 

To evaluate the methodology, we propose to apply it 
to a medical monitoring task using continuous data 
streams from patient-attached devices running inference 
on the new modified DBN that is learnt. 

 

 
Figure 1: Translate Mathematical Model to DBN, Refine the 
DBN structure and translate it back to Mathematical Model. 

4. Work to Date 
We have thoroughly reviewed the existing software 

packages/tools that provide the functionality of 
generating DBNs. Till date, no such software package 
exists that can convert mathematical models to a DBN 
and run inference on it. We are currently developing a 
GUI based software package which aims to facilitate 
easy construction of DBNs from an existing 
mathematical model. Mathematical models in form of 
ODEs are generally available in mathematical, 
engineering, medical and bio medical text books and 
research publications and they typically describe 
general population level behaviour. This software can 
be used to apply the technique over wide variety of 
application domains. When complete, we will make this 
software available for researchers to generate DBNs 
from ODEs, run inference on them by providing data, 
and estimate the desired parameters. 
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