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Abstract - The data for chemical injuries and patients are insufficient due to very low usage of chemical weapons in the world 

and the low number of people injured by using these weapons. Also, considering the importance of predicting 

cardiac-pulmonary test results on chemical injuries' data and the high durations and costs of conducting these tests as well as 

the possibility of data loss at different stages (e.g., user error in recording the results), this type of data is valuable. In this study, 

missing data are addressed, isolated, and K-means method is used to fill the missing values. Then, the data mining models 

based on neural network are applied for forecasting. In the next step, the neural network is utilized to estimate the outputs of 

cardiopulmonary tests based on the inputs (Spirometer tests). Also, the optimal number of neurons in hidden layer is 

investigated at this stage and the results of errors are reviewed. Finally, this article presents a hybrid model of artificial 

intelligence considering data preprocessing method and neural network to design decision support systems for medical 

applications. This article enables physicians to study, diagnosis and treat the disease as soon as possible  before conducting 

time-consuming experiments. 
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I. INTRODUCTION 

 

This paper focuses on design of a model to estimate the 

cardiopulmonary test results based on the input data 

which are the same as Spirometry tests; this helps to 

build decision support systems for medical 

applications and also assists physicians to make the 

right and prompt decisions to initiate the treatment 

process. In fact, the model obtained from data mining 

method is presented to estimate the cardiopulmonary 

exercise test parameters.  

 

Data mining is widely used technique in all fields 

including Medical science. With the swift 

advancement in information technology, a large 

number of useful data-mining techniques have been 

used to assist physicians with the disease diagnosis, 

control and treatment. Data mining technique is 

utilized for finding hidden or unknown data and can be 

used as a powerful tool for facilitating physicians' 

decisions (diagnosis, treatment, management, etc.). 

The model proposed in this paper provides estimates 

based on Spirometry parameters and brings 

cost-saving and convenience for veterans. This model 

estimates the cardio-pulmonary test outputs and 

evaluates the best and most efficient neurons in order 

to achieve the lowest error in the neural network 

context.  

 

II. PROCEDURE FOR PAPER SUBMISSION 

 

In recent years, the use of artificial neural networks as 

a predictor tool has increased in engineering and 

medicine fields (Geist and Pietquin, 2010; Fengjun, 

2013; Ghahremana and Sametia, 2014). The tendency 

towards numerical estimation methods such as neural 

network with high speed and accuracy of calculation is 

due to the high cost of laboratory tests. Unlike the 

computers which are planned to solve problems using 

ordinal algorithms, the human brain is an extensive 

network of parallel and distributed computing units 

named neurons. Inspired by this bio-model, scientists 

have started making computing systems that process 

information in a similar way. These systems are known 

as artificial neural networks (ANN). These models 

including a large number of computing units 

connected to each other play the role of the brain's 

neurons and their weighted connections serve as the 

synapses (Karray, 2004). 

 

Medical diagnosis is a complex cognitive process. On 

the other hand, neural networks have great potentials 

to be widely used in the medical decision support 

systems (MDSS). In 2013, a comprehensive literature 

review was conducted on the application of data 

mining in medical systems (Tomar and Agarwal, 

2013). Also, an intelligent prediction system for 

cardiac patients was presented by using neural 

networks (Ishtake and Sanap, 2013). Stoeam (2013) 

developed a decision support system based on data 

mining for medical data (Stoean, 2013). In 2014, a 

study and has been conducted on data mining 

algorithms such as neural networks for decision 

support systems (Dey and Rautaray, 2014). 

Paramasivama et al. (2014) studied on data mining 

and neural network techniques with medical 
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applications (Paramasivama et al, 2014). In 2015, an 

intelligent prediction system based on neural networks 

was presented for cancer patients (Zolbanin et. al, 

2015). Gholami Doborjeh et al. (2015) presented a 

neural and learning network system to analyze medical 

data. In 2016, a decision support system using RBF 

neural network was developed for cardiac patients 

surgeries (Ruiz-Fernándeza et al, 2016). Shena et al. 

(2016) developed a data mining system for medical 

data classification. Again in 2016, the personal health 

index was developed by using a data mining approach 

(Chen et al, 2016). Misiunas (2016) proposed a health 

analytical method based on neural networks. 

 

III. THE PROBLEM DEFINITION AND MODEL 

EXPLANATION 

 

Pulmonary lesions, shortness of breath and persistent 

cough cause disruption in chemical victims' daily 

activities. To evaluate the ability of these patients in 

daily activities, the pulmonary function is investigated 

during resting and activity. Spirometry is the breathing 

test that is performed easily with no pain. This test 

indicates how lungs work at resting mode. Cardio 

pulmonary exercise test (CPET) represents the heart 

and lung function in activity mode. This test is 

expensive and difficult for some people. 

 

Selecting input (Spirometry test) and output (Cardio 

pulmonary test) parameters: Spirometry is an easy and 

painless respiratory test which indicates how lungs 

work during resting mode and is used to measure the 

volume of inhalation and exhalation air. Spirometry 

measures the different parameters such as Forced Vital 

Capacity (FVC) and Forced Expiratory Volume in the 

first second (FEV1). FVC is defined as the maximum 

volume of pressured exhaled air from the position of 

maximum inhalation and FEV1 is defined as the 

volume of exhaled air in the first second of FVC. 

Spirometry, FVC, and FEV1 specify the flow 

estimation and rate. Table 1 shows the Spirometry 

parameters. Spirometry is used for these purposes: to 

help diagnosis of respiratory diseases such as COPD, 

asthma, chronic bronchitis, abnormal chest and lung 

tissue and contributes to the display: in some lung 

disease, response to treatment or growth changes  

Cardio pulmonary exercise test: cardio pulmonary 

exercise test (CPET) indicates how heart and lung 

work in activity mode. This test is expensive and also 

difficult for some people suffering from long-term lung 

problems such as chronic bronchitis and emphysema. 

Because of lung’s poor functioning oxygen uptake is 

low and person feels short of breath. This test is used in 

the diagnosis of coronary stenosis, determining the 

patients' tolerable level of activity and identifying how 

lung work during activity mode.  

 

The test as one of the fairly new detection method 

evaluates the response of cardiac, pulmonary, 

hematological, neurological, psychological and 

skeletal muscle activity in general and considers all the 

circumstances and is not just for a specific organ. This 

diagnostic method is increasingly used for the 

evaluation of motor activities intolerance with 

unknown etiology, symptoms and signs associated 

with the activity. In this test, two methods of Motor 

activity including Cycle Ergometry and Treadmill are 

used (Gold W.M, 2000; Johnson B.D, 2004). This test 

investigates the function of the organs responsible for 

the delivery of oxygen to the body, and in particular the 

muscle tissue during exercise, as well as the body 

organs responsible for delivering carbon dioxide 

resulting from body metabolism to the atmosphere.  

 

In this case, chest acts as a gases exchanger unit 

between the body and the environment and reaching 

this goal requires the correct functioning of all its parts 

such as diaphragm, heart, lungs, chest wall and its 

muscles (Myers J, 1989). On the other hand, the ability 

to consume the carried oxygen by the muscular system 

namely the percentage of arterial oxygen consumed by 

the tissues in operation is also important. The final 

amount of the oxygen consumption (VO2) is obtained 

by combining two above items, namely the rate of 

oxygen delivered to the tissue by heart and blood flow 

and the amount that tissue has absorbed. This amount 

varies under different physiological and 

pathophysiological situation. VO2 can be increased by 

8 times under intense activity in a healthy human and 

the VCO2 can be equally decreased (Weber K, 1997; 

W.MGold, 2000). Table 2 shows some parameters of 

cardiopulmonary exercise testing. 
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IV. THE PROPOSED ALGORITHM 

 

Due to the high costs and time-consuming nature of 

medical tests for chemical patients and considering the 

fact that there is the possibility of errors or missing 

data, The data mining techniques find the missing data 

and separate them. Then, K-means method is used to 

fill the missing values. Data mining models based on 

neural network are used to predict and provide outputs 

(cardiopulmonary testing). 

 

Data preprocessing 

Features such as mass, contradictory, inaccurate and 

dispersed, often referred to the features of data 

obtained from the medical sources. Preparation and 

selection of suitable properties as a preprocessing step 

is necessary for data mining (Ghahremani and Nadimi 

Shahraki, 2012). The researchers believe that data 

preprocessing is of great importance in effective use of 

data mining tools and as a result, the success of data 

mining process. Data preprocessing includes steps 

such as integration, noise reduction, dealing with 

missing and deformed values, reducing the number of 

data or features etc (Sepehri et al., 2009). In fact, after 

this stage, the data are formed in such a way that can be 

used by data mining software (Jafari and Samadian, 

2012). In this phase, the operations such as making 

features equal weighted, dealing with Outlier data, 

dealing with missing data are conducted to improve 

data quality and convert them to the format fitted with 

the intended data mining technique 

 

Using K-Means clustering algorithm to fill missing 

values 

K-means algorithm is a basic and simple clustering 

method (E. Alpaydin, 2004). In this method, each 

datum is allowed to simultaneously belong to two or 

more clusters and a membership function is considered 

to determine the degree of membership in each cluster 

(Xizhao Wang, 2004; M Halkidi, 2001). K-means is 

one of the clustering algorithms that serves as the basis 

of many other algorithms for simple planning, 

economic analysis, feasibility of use in processing 

various database when clustering providers in supply 

resources management Yoshikaz (2002) examined 

eight algorithms and concluded that three 

clustering-based algorithms such as K-means 

algorithm provide the better results than the other 

algorithms. In this paper, missing data are separated 

and ranked based on the correlation between design 

specifications. In the next step, data are clustered. 

Finally, missing data are replaced based on the 

maximum similarity of data to the given cluster. The 

efficiency of the proposed K-means algorithm is 

higher than the traditional methods that only replace 

the mean, median and any other characteristic with 

missing values. Because this method only uses the data 

sample values that are closest to xi (not all samples), 

the replaced value is closer to the real lost value 

(Khiabani, 2011). General scheme of this algorithm is 

shown in Figure 1 

 
 

 
Figure 2. The general scheme of proposed K-Means algorithm of 

lost values replacement 
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In this section, a new algorithm is proposed to replace 

missing values and estimations. In this context, a new 

method is used for replacing missing values on the 

chemical veterans' data and Crisp method is used in 

analysis. Process flow chart is as follows which is 

explained by Crisp method (Figure 3) in the following. 

 

 
Figure 3. Crisp method 

The proposed model and the project 

implementation phases 

The model is displayed in two parts; the first part is 

related to filling the missing values and the second part 

is associated with predicting Cardiopulmonary Testing 

based on Spirometry test items. The whole process is 

also examined within the Crisp-Dm process. 

Modeling: Selecting model: As mentioned in the 

literature review, neural network and k-means are 

among the methods of clustering and estimation. As 

mentioned earlier, some inputs and outputs are missed 

in the cardiopulmonary disease testing database which 

have to be estimated. One of the common methods of 

data mining is used to complete database in which, the 

knowledge hidden in data and information clustering 

knowledge is utilized. In this way, each data will be 

allowed to simultaneously belong to two or more 

clusters. In this method, each data will be allowed to 

simultaneously belong to two or more clusters; a 

membership function is considered in order to 

determine the membership degree of each point to each 

cluster. For this purpose, clustering by K-means 

algorithm is studied first, then MLP neural network is 

used for network training and estimating test results in 

cardiopulmonary database 

 

 

 
Figure 4. Overall scheme of the proposed estimation algorithm 

 

Analysis and implementation of algorithms 

Data Profile is as follows: introduction of 

cardiopulmonary exercise test databases. Database 

Characteristics: rows: 216, Columns: 18, Missing: 106  

 

4.1 Database properties 

The number of rows is 216, which represents the 

number of people who participated in these tests. The 

number of columns (attributes) in this study is 18 

including 8 features as inputs (Spirometry test) and 10 

features as outputs (cardiopulmonary test) which are 

predicted by the model. This item also contains 106 

rows of missing values and 110 rows of given values. 
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Data preparation 

Separating data includes splitting the missing data and 

data with specified values in the form of two separate 

databases so that we can prepare the missing data. The 

amount of missing data is 106 and the number of 

specified data is 110, respectively. In this phase, the 

input and output data are specified and normalized 

between 0 and 100. The Maximin method is used for 

normalization; in this method, all the columns and 

numbers are normalized between a normal range so 

that the identical results will be obtained in a specific 

range. This means that all figures is fitted between 0 

and 100 and based on the minimum and maximum 

amounts. 

 
Data Implementation and development  

The model is implemented by MATLAB and Excel 

software according to the following steps including 

data clustering and determining cluster centers. Since 

the data properties are in different intervals, scaled 

data in the range of 0 to 100 are utilized to use the 

K-means clustering algorithm and improve its 

efficiency. K-means command in MATLAB is applied 

to clustering and its output includes the value of the 

objective function, the centers of clusters and 

membership degree matrices 

 

 
 

Determining the optimum amount of clusters 

The optimal number of clusters in K-means algorithm 

is obtained in two ways: first we applied changes to 1 to 

20 clusters and resulted in single-member clusters with 

more than 8 clusters which did not seem to be true. 

Comparing the clusters (according to Table 4) Cluster 

7 and 8 have the highest similarity in terms of the 

number of members (the most relevant members in 

each cluster). Finally, regarding the Table 1-4, the 

number of 7 clusters is considered as the best number 

of clusters. (Clusters and their members were 

examined by the experts.)  

 

Estimating the missing values using the clusters 

centers 

Determining Euclidean distance of data based on 

given features  

According to the given data of each entry, the distance 

of each given value from the clusters centers is 

calculated. Each row of missing data is assessed based 

on the given values of that row and the distance 

between each of these rows was found by MATLAB 

software. 

Determining the clusters of each data 

After determining the distance of each cluster, each 

row is assigned to its target cluster. The clustering 

procedure is based on the closest distance to clusters 

centers. 

Using features values of the cluster center for 

missing features 

At this stage, according to the mentioned clusters, the 

values are assigned to each of the parts that have 

missing values. 

Summing up data in the form of a complete database 

Replaced missing values in the databases are summed 

up and comprise a complete database. 

Determining the neural network architecture to 

estimate the cardiopulmonary test results without 

testing 

Overview data and selecting the network type 

As mentioned in the literature review, MLP neural 

network is used because of its high speed and accuracy 

in dealing with the number of input and output features 

and their significant dependencies. 

Isolating training and testing data 

75% of the total data selected for network training and 

the remaining 25 percent randomly selected among the 

data were used to test neural network. Data are 

randomly fragmented so that network is not sensitive 

to the data order to be trained properly. 

Network training and determining the neural 

network architecture 

The back propagation algorithm is used by MATLAB 

software to train the network. 

Scaling of input and output data 

The scale of input data is selected between 0.5 and 1.5, 

because in the back propagation method, which is used 

to train the network, changes in weights at each stage 

are directly proportional to the network input; if the 

network input is zero, changes in weights and updates 

do not occur towards reducing the error and the 

network error tend to a fixed and large value. So a 

positive range is used. It should be noted that any 

positive range is acceptable, however the above 

mentioned range causes faster training, as weights and 

inputs are in the same range.  

Determining the number neurons in hidden layer:  

As a general principle, the simplest model which 

sufficiently represents the learning data is used in 

neural network models.  In other words, as long as 

there is a simpler network, we do not use a complicated 

neural network. It should be noted that the network 

takes the learning data to the extent that it can handle 

the interpolation function. The condition occurs when 
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the number of selected curve neurons is much more 

than the required level. 

There are one or more optimal values for the neurons 

of hidden layer in the hidden layers network for which 

network has the lowest output error. If the weights 

number is high, network do not train properly and if 

they are low, the network is not able to explore the 

hidden knowledge in data. To achieve the optimal 

number, hidden layer neurons have been changed from 

12 to 40 and for a permissible amount of training 

courses the minimum network error is measured for 

each value of neurons in the hidden layer. 

With different architectures and different compounds 

and an input group, a high accuracy value is obtained. 

Hidden layer with 16 neurons is distinguished from 

octal inputs and one output is intended for this 

purpose. Figure 5 shows the different functions of 

architecture with training and test errors. Figure 6 

depicts the architecture of neural network for this 

purpose.  

 

Determining the number of hidden layers 

The neural network used for the first time on this data 

is a two-layered with a hidden layer. The reason for 

using this type of high-performance network is its 

quickness and easy training and its capacity to include 

any arbitrary number of input and output. Given the 

number of training data, using a hidden layer is 

sufficient to predict. Although the use of the network 

with higher number of hidden layers increases the 

accuracy of prediction, the number of training data is 

not sufficient for a proper education. Network 

characteristics are summarized in Table 4: 

As indicated in Figure 3-4, the minimum error is 

obtained for the 16 neurons of the hidden layer. 

 

 

 
Investigating cumulative error 

The study on cumulative errors is conducted by using 

three methods and shown in Table 8. As it can be seen 

in Table 9, the obtained errors have been analyzed 

from the following formulas. In this formula qpre 

denotes the network output data and qexp represents the 

desirable output that network error is determined by 

subtracting the average value of the data. 

 
The fourth Part of Table 9 indicates the cumulative 

error Formula. In this formula, Act outputij is called 

Network Actual output and neural outputij is the 

desired output or network output. The cumulative error 

is calculated by subtracting these values. 

 
The graph (Figure 7) indicates a network error in 

learning times; at initial, this graph is significantly 

dropped, then, by continuing the network good 
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training in nearly 55,000 times of training is ended 

with a 7.7 cumulative error 

 
The results of network testing and data distribution in 

trial and training mode have been also shown in 

Figures 8 and 11; the data distribution is between 0.85 

and 1.15 which shows the appropriate distribution of 

data and network training. Investigations about the 

error in training and testing data are disclosed in 

Figure 9. As it can be seen the data error varies 

between 15 and 23 percent. 

 
Neural network test 

Neural network testing has been done with 25 percent 

of data and its results are shown in the following figure 

 
In comparison between Figure 9 and Figure 10, it is 

observed that the majority of error shown in Figure 10 

indicates reduction of error in test data graph and it 

seems to be unchanged only in the ninth item (ninth 

predicted item of O2diff). 

 

 

Figures 10 and 11 and Table 5 for testing data and 

comparing them with Figures 8 and 9 show a good 

education of network and error reduction; this hybrid 

model can help physicians and experts to provide and 

prescribe the best instructions to patients based on 

low-cost data of Spirometry test and prevent the risk of 

late diagnosis of disease side-effects due to the 

insufficient tests or its huge costs and time consuming 

nature.  

 

According to the results presented in Table 5, 

efficiency and credibility of the model can be 

confirmed according to the error proximity and the 

expert opinion in testing and training phase which can 

be helpful in medical diagnostics and minimizing the 

chemical patients' lesions. 

 

CONCLUSION 

 

A variety of chemical gases including nerve agents 

such as Tabun and Sarin with combination of mustard, 

cyanide were used for the first time in the world by the 

Iraqi government against Iran in 1982, and continued 

for more than 6 years. Among chemical weapons, 

mustard gas was the most widely used chemical agent 

in Iraq war against Iran. Estimates indicate that about 

100 thousand Iranian militaries and civilians have 

been exposed to the chemical agents during this 

period. However, the reported fatality rate is less than 2 

percent of what people actually faced during the First 

World War and 3-4 percent in the Iran- Iraq war. 

Despite the low mortality of mustard gas, its long-term 

health problems are remained for good, so that more 

than 65,000 injured patients have been suffering for 

more than 20 years. Respiratory problems are the 

major causes of long term disability among patients 

exposed to the gas in the war. Regarding the large 

number of injuries caused by chemical agents during 

the war, conducting comprehensive research on late 

effects of these chemical agents seems to be essential. 

The key role of diagnostic and analytical tools such as 

data mining is undeniable in medical sciences. By 

reviewing the data obtained from the chemical injuries 

the following items were studied for the first time in 

the proposed model: 

 

• Replacing the missing data using the clustering 

algorithm and the K-means method; 

• The data is integrated and focused by using the 

Crisp-Dm method; 

• Predicting cardiopulmonary test items, 

Spirometry test items by the MLP neural network; 

• Calculating the network error; 

• Calculating the error of the output items; 
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• Investigating the number of neural network 

neurons and selecting the optimized neurons to 

reduce the amount of errors; 

• Making fewer errors by examining neurons and 

finding the optimal neurons; this causes higher 

accuracy of calculations and further decision 

making confidence in predictions; 

• Investigating 2 and 3 layers neural network and 

replacing 2-layer network to reduce error; 

• Providing and reviewing the proposed flowchart; 

 The results obtained from the chemical injuries 

data are as follows: 

• The number of neurons obtained from these data 

is 16 which consists of the lowest error rate 

(8.6695). 

• The cumulative error rate equals 7.7 in training 

mode and 5.05 in testing data. 

• The algorithm is proposed for replacing the 

missing data of K-means algorithm. 

• Compared to the different neurons, the obtained 

network cumulative error is lower. 

 

In the practical part, we can say that regarding the high 

accuracy of these predictions, Spirometry test data can 

be used to predict the test results and the duration of 

diagnosis can be subjected to the physicians' decision 

making procedures. 
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