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Non-invasive prediction of hemoglobin level using machine learning techniques with the PPG signals characteristics features




ABSTRACT
Hemoglobin can be measured normally after the analysis of the blood sample taken from the body and this measurement is named as invasive. Hemoglobin must continuously be measured to control the disease and its progression in people who go through hemodialysis and have diseases such as oligocythemia and anemia. This gives a perpetual feeling of pain to the people. This paper proposes a non-invasive method for the prediction of the hemoglobin using the characteristic features of the PPG signals and different machine learning algorithms. In this work, PPG signals from 33 people were included in 10 periods and 40 characteristic features were extracted from them. In addition to these features, gender information (male or female), height (as cm), weight (as kg) and age of each subjects were also considered as the features. Blood count and hemoglobin level were measured simultaneously by using the “Hemocue Hb-201TM” device. Using the different machine learning regression techniques (classification and regression trees – CART, least squares regression – LSR, generalized linear regression – GLR, multivariate linear regression – MVLR, partial least squares regression – PLSR, generalized regression neural network – GRNN, MLP – multilayer perceptron, and support vector regression – SVR). RELIEFF feature selection (RFS) and correlation-based feature selection (CFS) were used to select the best features. Original features and selected features using RFS (10 features) and CFS (11 features) were used to predict the hemoglobin level using the different machine learning techniques. To evaluate the performance of the machine learning techniques, different performance measures such as mean absolute error – MAE, mean square error – MSE, R2 (coefficient of determination), root mean square error – RMSE, Mean Absolute Percentage Error (MAPE) and Index of Agreement – IA were used. The promising results were obtained (MSE-0.0027) using the selected features by RFS and SVR. Hence, the proposed method may clinically be used to predict the hemoglobin level of human being clinically without taking and analyzing blood samples.




        




                            
                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· Existing clinical approaches to measure blood haemoglobin levels require specialized equipment. It has accuracy but is expensive and needs a lot of infrastructure requirements, all of which are especially problematic in rural and low-resources settings, where anaemia is more prevalent. Here, the blood sample of the person is taken, and then certain tests are conducted using chemicals like Ethylenediaminetetraacetic acid (EDTA). 
· It is not only time consuming but causes a lot of unnecessary pain to the person. Aside from being cost-prohibitive in resource-poor settings, the necessary invasive blood sampling to measure haemoglobin levels causes discomfort in younger pediatric patients. It also produces a lot of waste which is non-biodegradable. Therefore, it is not eco- friendly. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· The least squares method divides the problems into two categories: linear or ordinary least squares and nonlinear least squares, depending on whether each unknown value of the redundancies is linear. 
· The linear least squares problem occurs in statistical regression analysis; there is a closed-form solution available. 
· PPG is a photoelectrical method, which is used for measuring the tissue blood volume based on the change in the blood volume at every heartbeat. 
2.2. PROPOSED SYSTEM 
· In this method, an area of skin on the fingertip is transilluminated by light which is emitted by a red LED and a green LED.This light passes through the tissues and is reflected back. 
· The wavelength of the light reflected back from the tissue is recorded. The difference in wavelength is used to calculate the hemoglobin count. 
· The software is an application named detectIR which contain a database for storing the optimal hemoglobin level, providing tips and articles based on the hemoglobin count, predicting the chance of heart attack using SVM algorithm in Machine Learning and providing additional information based on the symptoms entered by the person using Web Crawling.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· In this work, non-invasive hemoglobin concentration level prediction system has been proposed based on combining regression methods and feature selection with time domain features extracted from PPG signal. 
· The feature selection algorithms are often used for the purpose of selecting the relevant features associated with the output label and minimizing the computational time during classification process of classification. 
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Non-invasive measurement of hemoglobin content in blood
	J.L.A. Nirupa, V.J. Kumar, 
	Many times it so happens that hemoglobin values measured in different laboratories yield different values for the same sample

	 Non-invasive measurement of blood components
	J. Kraitl, U. Timm, H. Ewald, E. Lewis, 
	A noninvasive method allows pain free continuous on-line patient monitoring with minimum risk of infection and facilitates real time data monitoring allowing immediate clinical reaction to the measured data.

	Investigation of oesophageal photoplethysmographic signals and blood oxygen saturation measurements in cardiothoracic surgery patients
	P.A. Kyriacou, S. Powell, R.M. Langford, D.P. Jones, 
	 Oesophageal photoplethysmographic (PPG) signals with large amplitudes and high signal-to-noise ratios were measured from various depths within the oesophagus from all the cardiothoracic patients. 

	Neural network for photoplethysmographic respiratory rate monitoring
	A. Johansson, 
	The PPG signal includes respiratory synchronous components, seen as frequency modulation of the heart rate (respiratory sinus arrhythmia), amplitude modulation of the cardiac pulse and respiratory-induced intensity variations (RIIVs) in the PPG baseline. 



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard
2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard
2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005

CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE
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CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
The measurement of the hemoglobin content in blood does not only give information about the health of a patient, but also helps the doctor to decide on a treatment for many diseases. Hemoglobin in blood is normally measured after taking blood sample from the body. This causes inconvenience for the patients whose hemoglobin is continuously measured. A new non-invasive hemoglobin measurement method, which is based on PPG signal and machine learning, has been proposed in this study. In this method, the hemoglobin values of the people were estimated by receiving PPG signals from them, extracting time-domain features from those signals and entering them into machine learning algorithms. 8 different regression methods were used for the prediction of the hemoglobin value, including the CART (classification and regression trees), LSR (least squares regression), GLR (generalized linear regression), MVLR (multivariate linear regression), PLSR (partial least squares regression), GRNN (generalized regression neural network), MLP (multilayer perceptron) and SVR (support vector regression) methods. Besides, the methods of RELIEF feature selection (RFS) and correlation based feature selection (CFS) methods were used to decrease the number of features. The number of the features was considerably decreased down to 10 and 11 (RFS and CFS) with the application of these feature selection algorithms onto the dataset with 44 features. According to the R2 performance criteria, the support vector regression has been found to be the best machine learning method in the prediction of hemoglobin level. As the hybridmodel, the combination of RFS and SVR has obtained very good results in the prediction of hemoglobin level. The obtained results have shown that the combination of RFS and SVR could be confidently used in the prediction of hemoglobin level as the non-invasive method based on PPG signal.
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