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Due to new technological advances, it is now possible to design and implement remote monitoring systems for operators of 

transportation equipment. In this presentation we concentrate on monitoring and processing of data described by various 

medical input parameters such as real time signal from electronic measuring devices.  The input can also include subjective 

parameters specified by the operator of transportation equipment e.g. general feeling, pain etc. In addition, there are other 

medical parameters such as medications taken, previous diagnosis etc. Data from a remote patient monitoring system can be 

processed using Artificial Intelligence techniques to generate medical advisory messages.   

 

INTRODUCTION  

Operating transportation equipment is one of the most danger-
ous jobs. The operators of such equipment, especially the truck 
drivers, have been identified as having a job with a high risk [1].  
Long trips and other factors cause “the fatigue, sleep deprivation, 
and sleep apnea” [1] and as a result   “an estimated 70% of truck 
drivers will have one or more serious medical condition” [1] in the 
long term. The medical conditions and/or the decreased mental 
alertness at the given moment can cause a driver to make mistakes 
which could contribute significantly to truck driver accidents. “Accor-
ding to the USA Center of Disease Control and Prevention, truck 
drivers have the second highest number of nonfatal injuries related 
to occupation” [1]. Truck drivers have various health conditions 
including cardiovascular disease, obesity, diabetes, sleep apnea 
and stress. Mobile medical monitoring technologies can provide real 
time advisory and also potentially can have positive impact on the 
long term health of truck drivers [2].  

Various types of a remote medical monitoring systems are de-
scribed in the literature [3, 4, 5, 6, 7, 8]. The new technological 
resolution of the wireless access to the Web are discussed in [3-5]. 
Basically the above and many other studies assume human based 
processing of data with only doctors used as interpreters of the 
medical data.  

Our work is based on international cooperation research pro-
gram between Warsaw University of Technology, Pawel Wlodkowic 
University College in Płock and Fayetteville State University. The 
work is related to development of a new generation of the Internet 
services for remote signal monitoring, and automatic analysis and 
pre-diagnosis for the given data [8].  We concentrated on data 
monitored from operators of transportation equipment. The data are 
collected at the Web server database by wireless Internet links. The 
data are processed using artificial intelligence solutions and as a 
result medical advisory for the driver can be automatically generated 
[7, 9].  

Our paper is organized as follows.  First, we provide an ove-
rview of our remote monitoring and advisory system. Next, we di-
scuss the remote driver monitoring process and how to store the 
medical data in the central database.  In the next two sections we 

describe how to use two AI techniques, namely Expert Systems, 
and Machine Learning models to implement an advisory system. 

1. OVERVIEW OF OUR MEDICAL REMOTE 
MONITORING AND ADVISORY SYSTEM 

In this section we present an overview of an experimental sys-
tem for remote monitoring and advisory for operators of a transpor-
tation equipment. There are several functions of our systems that 
are discussed in this presentation.  The first function is remote 
sensing of various medical input parameters such as blood pres-
sure, pulse, oxygen level etc. from operators of a transportation 
equipment and sending it to the Web server.  The second function is 
storing the remote and other medical data in central databases. The 
third function is a medical advisory generated based on artificial 
intelligence techniques using central database. In this presentation 
we emphasize the third function and we discuss extensively artificial 
intelligence techniques that can be used to determine the advisory 
level for operators of a transportation equipment. 

The above functions are reflected in an overview of our remote 
monitoring and advisory system for operators of a transportation 
equipment as shown in Figure 1. The first remote sensing function is 
implemented by Monitoring Devices, Digital Interface and Mobile 
Phone Link.  The second function is implemented by the Web Serv-
er Database. The third advisory function uses artificial intelligence 
models that automatically generate the classification of the health 
state of human drivers. This can be used directly to warn the drivers 
or request a doctor’s intervention. 

The medical advisory sub-system was designed to help inter-
pret the medical data and provides proper assistance for the doctor 
and the patient. There are two basic approaches to remote driver 
diagnosis. In the first approach, automatic health state diagnosis 
can be carried out with rule based expert systems [7]. This was also 
our first approach that we have chosen in our research on remote 
data diagnosis. The second approach is based on machine learn-
ing. We experimented with two machine learning models: Support 
Vector Machine and Neural Networks [9, 10]. The experimental 
software that can be continuously improved to guarantee valuable 
help and assure that the results are verified by the dedicated physi-
cians. 
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Fig. 1. Overview of our Remote Monitoring and Advisory System 

 

2. REMOTE MONITORING AND STORING  
MEDICAL DATA 

There are many systems that allow remote communications of 
the physicians with the patients. This area was historically referred 
to as telemedicine systems [11]. The telemedicine systems can 
support remote monitoring of operators of transportation equipment 
and provide a good foundation to improve driving safety and medi-
cal care. This are the important reasons why we have engaged 
ourselves in investigating the process of real time patient monitoring 
[8]. As a result of our efforts we are currently can provide automatic 
measurement and remote monitoring for the following parameters: 
glucose level, blood pressure, heart beat frequency, and blood 
saturation measurements. The scope of the monitoring will be in-
creased in the future. 

The remote patient monitoring process allows patients to be 
monitored by the following monitoring devices: Optium Xido / Abbott 
Laboratories to measure glucose level,  MPX5050 to measure blood 
pressure and heart beat frequency, and optical pulsoksymeters to 
measure pulse and blood saturation.  The measurements are con-
verted to digital signals and transferred automatically by a pro-
grammed cell telephone to the dedicated Web Server. The Web 
Server is responsible for performing the tasks of data storing, data 
processing, and the communication control. The Web Server also 
uses cell phone link to communicate with physician. Data are also 
sent to a medical center.  The monitoring process is connected with 
advising process performed either by a doctor or an automatic 
expert system. 

The remote data received by a Web Server are stored in a 
specially designed database.  The important component of remote 
monitoring system is the appropriately design database. The re-

quirements for the database go significantly beyond the needs for 
any other medical information systems. Our database contains 
information about Patients, their Medical Parameters and related 
Doctors, as shown in Figure 2. It also needs to include information 
about values and restrictions on Medical Parameters (constraints). 
These relation nodes have various relationships as indicated by 
lines as shown in Figure 2.  

 

 
Fig. 2. Overview of Design of Web Database for Medical Data 

 
The description of medical parameters is simplified in Figure 2. 

Actually we can classify medical parameters into Monitored Health 
Attributes (MHA) that are the signals generated by monitoring re-
motely devices. This data is objective and it should be stored in real 
time. We have also Driver Identified Health Attributes (DIHA) that 
are subjective but also in real time. These parameters describe 
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subjective feel of the drivers including pain, drowsiness, moving 
restrictions etc. In addition, we have general medical parameters 
that do not change often and do not need to be monitored in real 
time. We refer to these as Persistent Health Attributes (PHA). They 
are objective and also stored in the database.  These parameters 
describe long term health state e.g. medication taken, high blood 
pressure, diabetes etc. Figure 3 reflects more specifically the classi-
fication described above.  

 

 
Fig. 3. Real Time Database for Storing Values of Parameters with 
the Temporal Identification 
 

Storing medical parameter values in real-time requires a tem-
poral database such as the one shown in Figure 3.  Each parameter 
value is stored with the time stamp so that its value can be associ-
ated with the specific time or time period. 

3. REMOTE MONITORING AND STORING  
MEDICAL DATA 

Advising process can be based on using an expert system. 
There are many approaches to expert systems described in the 
literature [7, 10]. There are two goals of the expert system. The first 
goal is to determine if the patient needs a medical intervention 
based on collected values of patient objective output parameters. 
The expert system software can perform analysis of actual medical 
database in real time so that it can provide effective interactive 
assistance for the patience and the doctor.   

The second goal of the expert system is to provide explanation 
of the medical state and general rules for changing of the medical 
state. Explanation can be provided to both doctors and patients 
through the interactive interfaces. The explanation can be also 
based on the patient’s monitored medical parameters. 

 

 
Fig. 4. General Architecture of a Medical Expert System 

 
The automatic explanations and advising is provided based on 

rules. The interfaces for the expert system was extensively dis-
cussed in our reports [7]; an example is shown in Figure 5.  

 
Fig. 5. An Example of Rules for Combined Objective and Subjective 
Medical Data 

 
We have developed an expert system that provides advisory 

function for objective and/or subjective medical data.  An example of 
rules for combined objective and subjective medical data is shown 
in Figure 5. The rules can be entered using the rule input interface 
and the medical parameter can be entered by a separate input 
interface. The medical parameter input interface is especially im-
portant when only an incomplete information is provided. This inter-
face allows the doctor to complete/modify the rules anytime, and it 
also allows the patient to enter/modify any information.  Based on 
patient medical parameters the expert system can generate adviso-
ry message as shown in Figure 5. The expert system can also 
compare the provided rules and identify any incompatibilities or 
medical contradictions with its own rules. The medical contradictions 
are communicated to the doctor since following such rules can 
endanger patience health. The medical contradictions are also 
communicated to the patient so they can be clarified and corrected. 
The expert system allows patients to have their own rules as long as 
they are not harmful i.e. do not contradict the doctor rules. The 
Medical Expert system was designed to help interpret the medical 
data (since it has access to the medical database) and provide 
proper assistance for the doctor and the patient.  

4. REMOTE MONITORING AND STORING  
MEDICAL DATA 

Machine Learning is formally a discipline within Computer Sci-
ence [13] but actually becomes an important component methodol-
ogy for solving difficult problems in engineering, business, physics, 
chemistry and in transportation [2]. The imprecision of steering, 
uncertainty of vehicle response, and many other approximations are 
characteristic for the driving process [12]. There are various Ma-
chine Learning computational approaches to support operators of 
the transportation equipment e.g. they can create self-driving 
equipment. Such an approach, would alleviate many current chal-
lenges of operators of transportation equipment but it will take some 
time to get it well established and broadly used. Our approach tries 
to alleviate problems of transportation systems before complete 
transition to the self-driving equipment. We describe machine learn-
ing models that can perform automatically an advisory function for 
the human operators. Machine learning models are constructed 
from training data rather than from expertise of the dedicated physi-
cians but the parameters of machine learning and quality assess-
ments still require the assistance of dedicated physicians. In this 
section we will survey various machine learning models for efficient 
classification of remote health state. Machine learning can be used 
as an initial diagnosis of remote patience patients to create a real 



I Bezpieczeństwo i ekologia 
 

 

   

110 AUTOBUSY 12/2016 
 

time medical advisory (with description of the actions to take) for the 
driver and if necessary for a doctor. 

The architecture of the advisory sub-system based on Machine 
Learning is show in Figure 6. The current version of the sub-system 
works with two models: Support Vector Machines and with Neural 
Networks [9, 13]. The sub-system accepts initial design parameters 
of the model that are the basis for defining the parameters for each 
model internal algorithms.  

There are many important phases in the optimal determination 
of Machine Learning models as described in the literature [13]. The 
first phase is usually associated with the preliminary data pro-
cessing. The preliminary data processing involves transformation of 
the input data set into a new set for which the classification algo-
rithm solves the problem with less error or in shorter time. This 
practically means that all training data attributes should be equally 
as possible taken into consideration during the training. Therefore, 
the typical first step in data preprocessing is normalization. The goal 
of the normalization is to transform the data so that all attributes 
have value in the same range e.g. between -1 and 1. In addition to 
normalization of the range, the second step performs standardiza-
tion i.e. making the transformation of data so that the data distribu-
tions are similar for different training data attributes. For example, 
resulting in an expected average values equal to zero and standard 
deviation equal. The use of standardization and normalization, 
especially for normalization can in some instances make is it harder 
to learn. Applying standardization and normalization for medical 
remote data was thoroughly tested in our system and showed signif-
icant improvement and no signs of side effects. 

The normalized and standardized data need to be labeled. By 
labeling we mean dividing the data set into subsets corresponding 

to assigned categories.  In case of our medical data we typically 
used two categories: normal and abnormal two subsets as shown in 
Table 1. 
 

Tab. 1. Train and Test Data for Machine Learning 
 Train data Test data 

Number of 
instances 

T1 T2 

Health State  Normal Abnormal Normal Abnormal 

Number of 
instances 

N1 N2 N3 N4 

 
The basic problem that appears when we try to assess the abil-

ity of machine learning models, is the choice of a measure which will 
be used to estimate this ability [13]. One of important technique is 
related with a confusion matrix. It is the square matrix, where rows 
correspond to correct decision classes, and the columns refer to the 
decisions predicted by the classifier. In the case of a binary classifi-
er, the confusion matrix will have four entries: 
– TP (true positive) - number of correctly classified examples from 

selected class 
– FN (false negative) - number of incorrectly classified examples 

from this class, negative decision when the example is in fact 
positive  

– TN (true negative) - number of examples which are not properly 
allocated to the selected class (correctly rejected) 

– FP (false positive) - number of examples which are wrongly 
assigned to the selected class, when in fact they does not be-
long to (false alarm) 
 

 
 
Fig. 6.  The architecture of the advisory sub-system based on Machine Learning. 

Using this kind of cases classification, particular attention 
should be paid to those examples, which are marked as FN (false 
negative) since for our models to classify a sick patient into the 
healthy group is much more dangerous than reverse situation. In 
order to find the best values for the parameters the various  tech-
niques were used such as Grid-Search [13]. 

SUMMARY   

Due to new technological advances, it is now possible to de-
sign and implement remote monitoring systems and help with health 
monitoring for operators of transportation equipment. We described 
a system for monitoring and processing of medical data described 
by various input parameters such as real time signal from electronic 
measuring devices.  Data from a remote patient monitoring system 
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were processed using Artificial Intelligence techniques to generate 
medical advisory messages. There is a need for further work, 
though, to collect more medical data and improve AI techniques for 
advisory function and develop new functions in our interfaces. 
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Remote medical monitoring and advisory using artificial  
intelligence techniques to support operators  

of transportation equipment 

Paper discussed new technological advances in design 

and implementation of remote monitoring systems for opera-

tors of transportation equipment. In this presentation we 

concentrated on monitoring and processing of data described 

by various medical input parameters such as real time signal 

from electronic measuring devices.  The input can also in-

clude subjective parameters specified by the operator of 

transportation equipment e.g. general feeling, pain etc. In 

addition, there are other medical parameters such as medica-

tions taken, previous diagnosis etc. Data from a remote pa-

tient monitoring system can be processed using Artificial 

Intelligence techniques to generate medical advisory messag-

es. 
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