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ABSTRACT: Treadmill is an exercise machine which is used for walking or running while staying in the same place. 
The proposed system accords a method to control the treadmill speed automatically with respect to the person’s heart 
rate and Hemoglobin. A low hemoglobin count can leave tired, weak, dizzy and give an increased heart rate to the 
person. Normal range of Hemoglobin ranges from 14 to 18 for men and 12 to 16 for women, with any reading below 10 
being cause for serious concern. Lower-impact exercising such as lifting light weights, aquatic exercise and walking 
can help keep you safe when you work out with a low hemoglobin count. Also the pulse rate of a person may vary 
while exercising, according to the medical condition of the person. Since the exercising of the body causes adverse 
effects on the heart rate, it is important to control the speed of the treadmill to maintain the heart rate in a balanced 
level. Hence in this proposed system speed of the treadmill is controlled according to the Heart rate when the person 
has hemoglobin level of normal range or more than normal range. A newly developed LED based sensor system is used 
to determine the Heart rate and Hemoglobin level noninvasively. The speed of the motor (treadmill) is set differently 
according to the input heart rate range and Hemoglobin level. Since PMDC motor has higher torque level than the DC 
motors during lower speeds, it is used for controlling the treadmill. Voltage given to the motor is regulated by a 
controller by generating PWM signal. 
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I.INTRODUCTION 
 
Hemodynamic parameters such as heart rate and blood hemoglobin level are the important parameters in evaluating the 
physiological status of an individual. Treadmill is an exercising machine used for walking and running while staying   
in same place. Treadmill provides a moving platform with a wide conveyor belt driven by an electric motor or a 
flywheel. The belt moves to the rear requiring the user to run at a speed matching with that of the conveyor belt. The 
speed rate of the conveyor belt is the rate of the running or walking. Thus the speed of the running may be controlled 
and measured. 
 
A. RELATED WORK 
With reference to the cases studied so far in this field, prevention and rehabilitation of the heart disease is very 
important in the present scenario. Since running is a world approved fitness exercise, exercising in the treadmill is very 
effective. Walking and Running gives exercise to all the muscles as well as heart muscles. It also reduces obesity which 
is one of the causes of the heart disorders [4].Heart rate varies with the various actions and mechanisms in the human 
body. The number of occurrences of peak value in different ECG waveforms in particular intervals. So the pulse width 
modulated output will be in accordance with the heart rate and the speed of the motor will be controlled accordingly. 
The input is the person’s heart rate who is running and the output is the change in the speed of motor. This method can 
be used for the analysis and interpretation of the condition of the patients who are not admitted in the hospital. Here 
graphical data transmission technique is using. First the heart rate will be set to a threshold value, whenever the heart 
rate of the patient is exceeding the threshold value the motor speed is automatically reduced. When the heart rate of the 
patient goes below the threshold value, then the speed of the motor using in the  treadmill gets automatically increased. 
Analyzing the change of the set and the calculated heart rate ,the motor speed can be controlled by implementing 
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variation in the PWM technique. [1]A treadmill controlled by a computer along with data collection and processing 
system is implemented for the monitoring and control of heart rate while performing the treadmill exercise. In order to 
minimize the deviations of heart rate from a predefined profile, the motor speed and the gradient of the treadmill are 
controlling carefully. Also for measuring the heart rate a simple and practical algorithmic is developed. [3]For 
estimating the heart rate and the hemoglobin concentration in non-invasive manner a sensor is using in the fingertip. 
The signal receiving  from the fingertip is  processed by using a microcontroller. [8].Pulse oximeter is a simple device, 
but it can detect body healthy situation. Because it can be designed into a small device, it is a welcome device in our 
daily life. The core theory behind the pulse oximeter is the variance of absorption level of photons going through the 
human tissues at different wavelength. The human’s blood consists of oxygenated hemoglobin and deoxygenated 
hemoglobin and these are having stronger absorbers of lighting in the wavelength ranges from 650nm to 1000nm. In 
this wavelength range, the other tissues in the body, for instance water and fat, have a very low absorption coefficient 
comparing withoxygenated hemoglobin and deoxygenated hemoglobin. Also the good news is that the light absorption 
of Hb and deoxy-Hb at the two different wavelengths is different. When the light in the range of 650nm is applied to 
the human body major amount of photons will be absorbed by the deoxygenated hemoglobin and vice versa, if the 
wavelength is around 1000nm, a majority part of photons can be absorbed by Hb. Thus, the ratio of absorption at the 
two different wavelengths can be used to determine the oxygen saturation. 
 

II. SYSTEM DESCRIPTION 
 
A. EXERCISING WITH VARIOUS HEART RATE AND HEMOGLOBIN LEVELS 
A low hemoglobin level can leave tired, dizzy and give an increased heart rate. Any reading below 10g/dl being cause for series 
concert. Lower impact exercise such as walking, lifting light weights and aquatic exercise can help keep the person safe when he 
works out with low hemoglobin count. The heart rate also may vary while exercising, according to the medicalcondition of the 
person.  Since the exercising of the body causes adverseeffects on the heart rate, so heart rate should be maintained in the correct 
level by controlling the speed of the motor. In the proposed system the speed of treadmill is controlled according to the heart rate 
when the person has hemoglobin level of normal or more than normal range. 
 
B. BLOCK DIAGRAM 
The proposed method is illustrated in the block diagram shown in Figure.1. Heart rate and Hemoglobin levels are detected 
noninvasively by using the LED based sensor system. Signal conditioning of the signals is done in between which is not included in 
the block.The Heart Rate and Hemoglobin level sensor system detects the heart rate and hemoglobin level of the person running on 
the treadmill. If the level of Hemoglobin (<10g/dl) is very low, exercise is not advised. If the hemoglobin level is low 
(10<Hb<12)g/dl means walking is preferred. If the Hemoglobin level is normal or greater than normal then controlling of motor is 
done based upon the heart rate level.The heart rate and hemoglobin level is sensed and is passed to the Arduino Uno controller 

 

 
Fig 1 Block Diagram of The Proposed System 
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Pulse Width Modulated output from the controller is used for controlling the speed of the motor. The motor speed 
increases and decreases according to the heart rate. A simple permanent magnet DC motor is used for controlling the 
treadmill. Since a permanent magnet DC motor is used in the proposed method, rectification of the signal is required. 
The separate motor drive circuit for PMDC motor is shown in Figure 2. 
 
 

 
Fig.2 Motor Drive Circuit 

 
III. HEART RATE AND HEMOGLOBIN LEVEL SENSOR SYSTEM 

 
Presently clinically used methods for Hemoglobin measurement are Spectrophotometry, Hemoglobin cyanide and 
conductivity based method. However, in these method the blood sample should be taken from human body for testing. 
This is painful and it will take more time for getting the results also. But in the proposed system non-contact LED based 
sensor is using for measuring the hemoglobin. 
 
A. SYSTEM OVERVIEW 
Basic block diagram of noninvasive hemoglobin and heart rate measurement system are described in figure (3). The 
noninvasive LED based sensor systems allow a continuous measurement of the hemoglobin concentration and heart 
rate level which is based on a pulse photometric measurement method. Thereby an area of skin on the fingertip is 
transilluminated by a LED light in the range from 750nm -850nm. Figure 4 describe the absorption spectra for oxy and 
deoxyhemoglobin. The objective of the sensor system described here is the non-invasive continuous measurement of 
heart rate and light absorbent blood components(hemoglobin) in the blood of the human finger. 
 

 
 

Fig 3 Block diagram of hemoglobin and heart rate measurement system 
 

Since the diameter of arteries increases during the systolic phase, the arteries contain more blood during the systolic 
phase of the heart than during the diastolic phase. But veins contain constant blood during both systole and diastole. 
During systole the absorbance of light in tissue with arteries will be more. The reason for the increase in absorbance is 
due to the more amount of hemoglobin in the arteries and also it is providing longer path length for the passage of light.  
These intensity changes in arteries and veins are called PPG-waves [6]. The time varying part allows the differentiation 
between the absorbance due to venous blood and bloodless tissue (DC part) and absorbance due to the pulsatile 
component of the total absorbance (AC part). The transmitted light through the finger is detected non-invasively by 
photo detector (OPT101). 
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Fig 4 Absorption spectra of oxy- and deoxyhemoglobin 
 

A wavelength which is suited for the monitoring of hemoglobin concentration changes was selected. The principle for 
the measurement of Hemoglobin and Heart rate is based on the fact of a substantial absorption or transmission 
difference of light in near infrared region. Since both the oxy and deoxyhemglobin has the same extinction coefficient 
in 800nm, this wavelength is used for the measurement of Hemoglobin and Heart rate level. 
 
B. MATHEMATICAL IMPLEMENTATION 
Hemoglobin is a molecule in the red blood cells which has a role of delivering oxygen to tissue cells. Hemoglobin 
contains four home groups and a protein group called globin. For all spectrophotometric experiments, Beer-Lambert’s 
law is used and developed the notation of absorbance to express the absorption of light as a function of hemoglobin 
concentration as given in equatation:  
                   OD=log(I0/I)=ɛcl 
Where OD is the optical density, I0 is the intensity of incident light on the finger, I is the light intensity of transmitted 
light, ε is the extinction coefficient of hemoglobin at a particular wavelength, c is the concentration of hemoglobin, and 
L (Assume 1cm) is the length of light path through solution.  
C. Controlling Speed of Motor 

• If Hb is very low (<10) then exercise is not advised. 
• If Hb is low (10<X<12) then walking is preferred (duty cycle is 25%) 
• If Hb is normal and greater than normal (>12), based on heart rate level duty cycle is selected                            
• If HR<50 then duty cycle is 90% 
• If 50<HR<75 then duty cycle is 75% 
• If 75<HR<100 then duty cycle is 50% 
• If HR>100 then duty cycle is 25% 

 
IV. CIRCUIT ANALYSIS 

 
Assume that the extreme values of the heart rate lies between 30 bpm and 160 bpm (bpm- beats per minute). Since the 
measurement is done in beats per minute, the heart rate of the person is obtained by multiplying the frequency of the 
cleaned up PPG signal with 60. The frequency components in the PPG signal obtained from the circuit, must lie 
between (30/60) Hz to (160/60) Hz, i.e. 0.5 Hz to 2.67 Hz. Hence, the band pass filter must be designed keeping these 
specifications in mind. A passive high pass filter is needed having a cut-off frequency approximately equal to 0.5 Hz 
coupled with an active low pass filter having a cut-off frequency approximately 2.5 Hz. Filtering at each stage is 
accomplished by amplification of the filtered output signal. This is necessary to amplify the high frequency (AC) 
component of the PPG signal and block the low frequency (DC) component, where in  the former contains all the 
information that we need and the latter component is of no use to us (for heart rate estimation). Amplification is a 
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necessary step because the AC component is very small in magnitude, compared to the DC offset which it is riding 
upon. Theoretically, a magnification of the order of magnitude of 104 is necessary to view the AC (high frequency) 
signal clearly.  
 
OPT101 transimpedance amplifier is using to detect the transmitted light from the finger. The OPT101 is a monolithic 
photo detector with on-chip transimpedance amplifier. This photo detector is installed in the lower shell of the finger 
clip. The probe is placed to the person’s finger. Infrared light is then emitted through the body tissue. The transmitted 
light is sensed by photo detector. Out-put voltage of photodiode increases linearly with light intensity of the transmitted 
light from the finger. The amplifier is designed for single or dual power supply operation for making it ideal for battery 
operated equipment. Integrated combination of both photodiode and transimpedance amplifier on a single chip 
eliminates the problems in discrete designs such as leakage current errors, gain peaking due to stray capacitance and 
noise pick-up. The 0.09 × 0.09-inch photodiode is operated in the photoconductive mode for low dark current and 
excellent linearity. The photo detector operates from +2.7V to +36V supplies and quiescent current is about 120μA. It 
is available in clear plastic 8-pin DIP, and the Temperature range is 0℃ to + 70℃. 
 

V. RESULT AND ANALYSIS 
 
An optical sensor is developed for the measurement of hemoglobin and heart rate by using wavelength- 800nm.Aurdino 
Uno controller is used to detect the output signal from photo detector for various subject and corresponding output 
voltage is also measured. The output wave form is obtained by using CRO. Voltage observed is as shown in Table 1: 
Source wave length is of 800nm:  
 
 

Hemoglobin 
level(g/dl) 

Output voltage(V) 

14 0.5 

15 0.6 

12.8 0.59 

12.5 0.54 

 
Table 1: Voltage obtained corresponding to the hemoglobin level 
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Fig 5 Simulation Result in Proteus 

 
In simulation a sine wave is given instead of the signal from photo detector. For that sine wave, frequency and 
amplitude is calculated using interrupt service routine in Arduino Uno board.The difference between maximum 
amplitude and minimum amplitude is proportional to the level of Hemoglobin. Multiplying 60 with frequency gives the 
heart rate of the person.A dc motor is controlled by generating PWM signals with various duty cycles based on the 
heart rate when the person has hemoglobin level of normal range.The heart rate (in bpm) is the frequency of the signal 
from photo detector multiplied by 60, since the frequency of the signal is calculated as number of cycles or beats per 
second. Beer Lambert Law which a relation between absorbance and concentration of absorbing species, is used to 
estimate hemoglobin level in this work. 
 
 
 
 
 

 
 
 
 

 
 
 

Fig 6 Sensor Design 
 

 
Fig 7 Output of Signal Conditioning Stage 
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In the proposed system the parameters to the Beer Lambert Law are the input voltage to the sensor and output voltage 
from the sensor (photo detector). The parameters are measuring with and feeding to the microcontroller. The 
calculations are performed by taking the mean value of the measurements over the input time. In order to get the input 
voltage(Vin) and output voltage(Vout) the reflected light is monitored. Instead of incident and reflected intensities in 
the equation the Vin and Vout are using, because they are having linear dependence with intensities. 
 
The hemoglobin concentration is calculating by using the equation shown below.  
 

푣 − 푣
푣 = 10 ɛ  

 
VI. CONCLUSION 

 
A system is developed to control the speed of a treadmill according to the person’s heat rate and hemoglobin level. The 
system is able to maintain the heart beat in the balanced level. LED based sensor system is developed to determine the 
heart rate and hemoglobin level non-invasively.  
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