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Abstract 
 

The recent advancements in Biomedical industries has paved the way for 

new improvememts in diagnosis and treatment of many disesase in rural 

areas. Out of these predominant diseases, arthritis ranked the primary cause 

of disability which notice of all since the number of victims of this threat are 

countless and a basic solution for better diagnosis is always a 

necessity.People finds difficulty in muscular activities when they suffer 

arthritis. The situation becomes worse when these patients have limited 

medical facility. The delay of detection may cause the severity of the disease 

at higher risk. Thus, early-stage detection of arthritis and treatment is most 

important with its type of arthritis and related locomotors. People in rural 

areas generally have less access to healthcare diagnosis components than 

their urban counterparts. Hence, there is a need to develop cost-effective 

portable validated instruments which can be used for early diagnosis of the 

disease. Integration of green technologies such as Internet of things in 

medical applications necessitates integration of electronic, software and 

biosensor to meet growing requirements for sustainable healthcare. The 

overall system is integrated as hardware for effective screening tool.  
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Implementing the wearable device augment overall performance more 

efficiently in rural healthcare.  
 

Keywords: Green Technology, wearable device, screening tool, Wi-Fi 

 

1 Introduction 
 

The study has been focused to solve one of the major problems of the 

rural area in the sector of health care. General, it is seeming that people 

living in the rural area face so many problems in proper diagnosis of disease. 

They have less access in terms of medical equipment modality and other 

factors like cost, power, and maintenance. The study shows that some of the 

diseases like cancer, Arthritis, Alzheimer’s etc. [1] need to be diagnosed in 

primer stage for better treatment response, low damage and more survival 

chance. [2] It is also very difficult for the diagnosis of this type of disease 

which does not make a sudden effect on body parts. So in this regard, there is 

a need to develop such a diagnostic system based on new reliable technology 

which gives a proper diagnosis of disease.  

Generally, due to Arthritis muscular movements causes pain in body and 

then even the basic hand movements such as lifting necessary objects and 

pushing, pulling activities become a very difficult job. They constantly need 

help and support from other people such as family members. When the 

situation becomes very worse, it becomes even more difficult. Hence the 

existence of a device which helps people to detect the presence of Arthritis is 

very important. In relation to arthritis disease diagnosis, normally X-Ray, 

MRI Scan, CT Scan, Ultrasound equipment are used. Those equipment need 

a high-power supply and specified chambers with regulated temperature. 

Arthritis is known as an inflammation disease in one or more joint of the 

body. There are so many conditions that cause joint inflammation or arthritis. 

These different types of condition define types of arthritis, with different 

cause and treatment process. These different type conditions are wear and 

tear (Osteoarthritis), infectious Arthritis (IA), Rheumatoid Arthritis (RA) and 

Hemorrhagic Arthritis (HA) etc.  

 

Figure 1 Normal Joint Osteoarthritis and Rheumatiod Arthritis.  
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Rheumatoid Arthritis and Osteoarthritis are most common arthritis 

disease in arthritis patient[3]. Osteoarthritis (OA) is one of the most common 

joint disease that happens by the breakdown of joint cartilage and underlying 

bone [4]. Figure 1 shows that in OA disease, joint have degenerative effect 

that may become a reason of more cartilage loss in joint and morphological 

damage which can damage other joint tissue also. Hydrostatic and osmotic 

pressure exert a compressive force and draw water in [5] collagen fibers, 

whereas Gibbs dolman effect and cartilage proteoglycans, which tends water 

draw in the body joint. [6]Rheumatic Arthritis (RA) is considered to be 

autoimmune disorder disease. This disorder autoimmune system makes a 

major effect on synovial tissues and is shown in Figure.2. There is no such 

evidence to find out the physical and emotional effect or stress that could be 

responsible for this disease. In the disease, study shows that it could be either 

the trigger or might be a chance event inherent in the immune response.  

  Arthritis disease doesnot develop suddenly and gives the effect on joint. 

But in some cases, it may also give the sudden effect. Arthritis is more in 

adults because of their immune system. But children, teens and younger 

adults are also affected with arthritis disease. Arthritis is more in women as 

compared to men and in those who are overweight. General symptoms of 

arthritis are swelling of the joints, more variation, more pain in the joints 

which cannot be found out by simple physical activity. The other common 

symptoms of arthritis are morning joint stiffness, tiredness, generally feeling 

unwell, weight loss, mild fever or night sweating, skin rashes and heart rate 

increase with fever [7]. Arthritis is been characterized mainly by two 

approaches, inflammation and cartilage destruction in joints and leads to 

bone deformity. [8] At later stage both of these above-mentioned cases 

become severe. Inflammation leads to temperature fluctuation in arthritis 

patient which is also connected with disturbed heart rate. 

 

 

Figure 2 Rheumatoid Arthritis Joints 

 

Cartilage destruction and bone resorption activity deregulation change 

the bone structure which leads to high pain [9] Considering these three 

causes such as heartbeat, temperature and bone deformity as major diagnostic 

points, it has been proposed to develop a system for diagnosing arthritis and 

its classification with its severity.    
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2 Methodology 
 

The biomedical device for detecting the Arthiritis needs cloud based 

green technology for using in rural applications. The system is integrated 

with two different parts. The two sytems are as follows: (i) Biosensor unit (ii) 

Processing unit. The former deals with the interface between the patient and 

aquiring data for analysis; where as, the latter involve the signal aquisition 

and the further processing enabling the data to be studied to solve the human 

problems. The schematic of the Biomedical device is given in figure 3. 
 

 
 

Figure 3 Schematic of Biomedical Device 

 

2.1 Biosensor Unit 
 
      The system is implemented with the help of three different type of bio-

sensors. Three sensors are Biosensor for temperature, pulse sensor, and flex 

biosensor, each sensor having a unique property for playing a major role in 

the diagnosis by using Biosensor for each variable.  LM35 is used to obtain 

body temperature, which is known as the precision of integrated circuit 

temperature sensor. This biosensor can measure temperature with more 

efficiency and accuracy. The LM35 generates the voltage in millivolt with 

respect to the temperature surrounding it. With this sensor there is no 

requirement of variable resistance or another electronic component. The 

sensitivity is 10milliVolt per degree celsius. The temperature of human bodt 

T  is estimated with the given relation as  

            T = ( V1 / 10mV ) , where V1 being the LM35 output in millivolts. 
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The Flex Sensor work on the base of piezoresistance property. It is has 

flexible film, resistance changes its value according to the bending force. 

 
Figure 4  Circuit schematic of Flex Sensor 

 

Flex sensor has the property to change resistance according to the bending 

position. Flex sensors shown in figure 4, are analog sensors which give the 

reading or output as an analog signal. The flex sensor strip has thin film 

piezoresistive material having carbon inside it, so when the flex sensor 

bends, the carbon position change and the resistance changes based on the 

bending. Flex sensor has thin flexible substrate and so it is more adorable in 

the bending position. When the substrate bends, according to its position it 

produces resistance which correlates with the angle. The angle can be 

estimated using the relation: 

        (
  

(      )
) 

        

where Rx is the resistance of the Flex sensor and R1 is the Constant 

Value.  

Vcc is the bias voltage given to the circuit and Vo is the output voltage.  

 

The output voltage is proportional to the calibrated joint angle. The system 

design for joint angle estimation is shown in figure 5. 

The estimation of joint angle is implemented indicates the positioning of 

flex sensor in the knee joint close to shank and thigh region shown in figure 

5. The circuitry is connected between the two contact points with the flex 

sensor and to the measurement system. The angle θ, varies according to the 

bending of the knee due to voluntary human movement . The output voltage 

from the circuit indicates the joint angle. The sensor positioning on the knee 

facilitates accurate estimation of the angle compared to other methods.  

Pulse Sensor [12] is designed to detect the heartbeat on the basis of light 

modulation. When the heartbeat detector is working, beat LED flashes in 

unison with each heartbeat. This digital output can be connected to Arduino 

Uno to measure heart rate in  Beats Per Minute (BPM). Its basic principle is 

light modulation that happens when the blood flows through the finger on 

each pulse. 
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Figure 5  Angle measurement system for Knee Joint 

 

 

2.2  Processing Unit 
 

The process to receive signal and display on LCD display is done by 

Arduino Uno. The system has used the sensor which gives analog output, so 

all sensors output are connected to analog pin of Arduino Uno. In Arduino 

Uno, there is inbuilt ADC which convert the analog signal to digital signal. 

The sensors according to their property make a change in the voltage. 

Arduino Uno gets output from the sensors and calculation of these readings 

are programmed. The output is sent through wireless technology to the 

Human Machine Interface  (HMI) for displayand shown in figure 6. The 

system allows continuous data recording at the remote end.  

The working methodology of the system is meant to measure joint angle, 

temperature and Heartbeat. The following steps are to be adopted: 

a) Integration of three biosensors with the microcontroller to retrieve digital 

readings on display using A/D converter.  

b) Human machine interface which includes the front end for the input of 

three readings obtained by the bioelectrical measurement system and 

producing the classification output. 

c) Preparation of data format which includes symptoms reported for the 

diagnosis of arthritis which includes temperature, angle, and heart rate. 

d) Nested method of parametric normalization to classify the patients into 

arthritis or normal by setting up a specified optimized threshold. 

e) The data are transmitted in Wi-Fi and received at remote end for 

diagnosis. 
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Human machine interface developed indicates the front end for the input of 

three readings received by the bioelectrical measurement system. It will be 

implemented at remote end to facilitate screening process and producing the 

classification of arthritis. This system is low cost and can be implemented in 

rural applications.  

 
 

 
 

Figure 6 Human machine Interface with IoT for data recording  

 

3 Results and Discussions 
 

The system implementation and the results are analysed for joint angle, 

temperature and heart rate are discussed. The table 1 shows the variation in 

the reading of finger, knee and elbow  joint in a range of movement.The data 

obtained from the LabVIEW based measurement of human joint by the 

sensor. In the sample of 21 volunteers subjects with arthris got the accurate 

range of movement’s readings. The average accuracy is found 98% in all 

measurements.  

The Data scalability and representation for Body Temperature 

measurements are graphically reported in figure 7. The readings of body 

temperature indicates the accuracy of 98% . The temperature variations show  
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normal subjects in 5 subjects and abnormal symptoms in 10 subjects. The 

measured values are calibrated with standard values.  

 
Table 1 The Sample vs Range of variations acquired for finger, knee and elbow 

joint. 

Range of variation of angular movement taken from 

Measurements using Flex sensor on: 

Sample 
Finger joint  

(in degrees) 

Knee joint  

(in degrees) 

Elbow  joint  

(in degrees) 

1 86 154 148 

2 81 156 150 

3 83 155 147 

4 85 155 146 

5 85 157 150 

6 89 153 149 

7 81 155 150 

8 84 154 148 

9 84 151 150 

10 84 155 149 

11 86 155 144 

12 85 158 147 

13 84 154 149 

14 85 156 148 

    15 86 155 150 

16 85 155 147 

17 83 157 141 

18 85 154 148 

19 81 156 150 

20 84 155 150 

21 85 155 150 
 

 

Fig. 7 has shown the graphical representation of the reading of body 

temperature. The reading of heart rate variations is indicated in human 

machine interface which can be used to classify the normal and abnormal 

based on theresholding values. From the analysis it was found that the people 

with arthrits have a different set of data with which the level of arthritis can 

be interpreted.  
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Figure 7 Data Scalability and Representation for Body Temperature 

 

4 Conclusion 
 

The outcome of this research is developing a low cost  accurate 

Diagnosis System for arthritis patient using green technology. This will aid 

in having proper treatment in primary stage in the rural area. This project has 

focused on some issue of people living in rural areas. It has focused the 

people who have less access to healthcare diagnosis components. This 

medical device is successful in screening of arthritis in helping the people 

living in rural area.  
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