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Abstract- GSM based telemetry system consists of monitoring and measurement of the various physiological parameters of the
patients from remote areas or it can be within the same location in optimum time. It comprises of biological parameters such as
Body temperature, heart rate and SpO2. Apart from these parameters it can detect the random body movements in ambulatory
patients with the help of motion sensor (Accelerometer). These physiological signs are acquired, compared, processed and finally
displayed on an LCD. The conversion of signals from analog to digital form is done by microcontroller AT mega 328 which is
interfaced with Arduino Uno. A threshold value has to be set up for these parameters and if these particular values are surpassed,
a message in the form of SMS will be sent to the specified mobile number via GSM Modem (SIM 800), so that the necessary
steps can be taken.
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1. INTRODUCTION

In Today’s era, Telemedicine is the utilization of profoundly created biomedical instruments and telecommunication technologies
for better patient care and diagnostic purposes. With each passing day, the demand for the patient transport to the hospitals is
growing more and more, so in order to gain high success rate in critical care, the continuous monitoring of the vital or
physiological signs is paramount. These signs include Heart rate (HR), Oxygen saturation (SpO2), Body temperature etc. Due to
progression or development in biomedical field, computer sciences and telecommunication technologies, it is viable to design
such a system which can sense, monitor, display and transmit these bio signals from the patient from remote location to any
health care professional via GSM services. It has turned out to be advantageous for the medical professionals.

As bed ridden and ambulatory patients require continuous and accurate decisions in order to provide life saving therapy, it is
necessary to keep them under constant monitoring. Study reveals that in around every one minute a human life is lost across the
globe and a higher rate among them occur in India. Heart attacks affect many lives everyday it is because the patients who suffer
from cardiac diseases did not get help at the required time, whether it is the lack of SpO2, high heart rate or other cardiac
problems. The developed system is about the monitoring of the patients, which is reliable and cost effective as the devices
available in the market can’t be afforded by everyone.

The persistent observation of the heart rate can be useful to detect any cardiac related problems. Temperature, SpO2 are the other
vital parameters can be used for the constant monitoring of patient’s health condition. The signals which are acquired by the
sensors are in the form of analog signals, which are later on processed and converted into the digital values, this is achieved with
the help of Microcontroller ATmega 328 and coding or programming in Arduino IDE. The coding consists of various formulae
used to count the heart rate and SpO2, once the values are converted to digital values; they are displayed on a 16*2 LCD. [1][4]
[15]

2. SYSTEM ARCHITECTURE

The system developed can scrutinise the various physiological parameters, which comprises of heart rate sensor, temperature
sensor (LM35), Microcontroller AT mega 328, Accelerometer ADXL335, GSM module (SIM800A), Arduino Uno and LCD
display. The heart rate sensor is used to measure the heart rate and the SpO2 of the patient; for this manual basic heart rate sensor
which works on the principle of Photo resistivity is used. LM35, a temperature sensor is used to measure patient's body
temperature. A 12-0-12-volt step down transformer is used as a power supply for the functioning of the overall system. Voltage
regulators are installed in order to supply specific voltage to the sensors to avoid the abnormal functioning as the proper voltage
supply is paramount for these modules. As already stated that if the acquired bio signals are beneath or over the threshold value
the condition then is referred as ‘abnormal’. An attentive or emergency message is sent via GSM module (SIM 800) on the care
taker’s relative. [14] [15]
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The overall functioning of the developed system can be observed through the block diagram given in Figure 1.
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Figurel: Architecture of the system

A. Heart Rate Sensor

In this system the basic heart rate sensor is used to measure the heart rate as well as SpO2 in the blood. The sensor consists of a
LED and LDR where one acts as a transmitter and the another one as a receiver. It works on the principle of photo resistivity.
When a tissue is illuminated with the light source, i.e. light emitted by the LED, it either reflects (a finger tissue) or transmits the
light, and during this process some of the light is absorbed by the blood which is transmitted or reflected and is then received by
the light detector (LDR). The output is in the form of electrical signal and is proportional to heart beat rate. After acquiring the
signals, it is compared and amplified by LM324 IC before feeding it to microcontroller. The voltage supplied to the sensor is 5V
which is regulated by the voltage regulator to ensure the proper values. The digital pulses are given to a microcontroller for
calculating the heart beat rate, given by the formula- [5] [1] [14]

BPM (Beats per minute) = 60*f

Where f is the pulse frequency
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Figure 2: Working of heart rate sensor
B. Temperature sensor

For making the system LM35 temperature sensor is used which can measure accurate centigrade temperature. It can sense the
temperature in a range of -55 C to +150 C.The output voltage of this sensor is directly relative to the Celsius temperature. It
requires a voltage of 4 to 30 volts which is supplied by the 12-0-12 transformer. It senses the temperature and sends the acquired
value to the ATmega 328 which processes it and then displays it on LCD. [5] [6] [12]
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Figure 3: Circuit diagram of LM35

C. GSM Modem (SIM 800)

The modem used is a quad band GSM/GPRS module which works on 850 MHz, DCS 1800 MHz and PCS 1900 MHz’s. It
supports GPRS multi-slot class 12/class 10 (optional) and also supports the GPRS coding schemes. It interfaces in Arduino via
two serial pins Rx and Tx. It receives output from MAX232 which is used for serial communication for sending and receiving
messages from the patient’s body to a doctor.

The different types of commands:

AT+CMGF =set SMS text mode.

AT+CMGS =send SMS command in text mode.

AT+CMGL =list received messages in text mode.

AT+CMGD =delete a received message.

The following image display the command’s processed by GSM SIM (800)

vild SendMessage()

{
Serial.println {"AT+CMGF=1");
delay {1000} ;
Serial.println("AT+CMGES=\"+919971290817\"\c") ;
delay {1000} ;
Serial.println{™Alert!!™);
delavy (100} ;
Serial.println{"Heartbeat:"):
Serial.println{rate) s
Serial.println{"Temperature:™)r
Serial.println{t);
Serial.println("Sp02:™);
Serial.println{rate):

Figure 4: Processing command of GSM modem in IDE
D. Accelerometer (ADXL335)

The ADXL335 is a 3-axis motion sensor which is used to detect the change in direction. It measures the movement in three axis
viz X, Y, Z. It consists of a polysilicon surface-micromachined sensor and signal conditioning circuitry to implement open loop
acceleration architecture. In this system, the sensor is used to detect the bodily moments of ambulatory patients thus alerting the
doctor when the message is received. The movements can be measured in 3 directions X, Y, Z. It can be mounted on the limbs of
the patients and is interfaced with the Arduino Uno. [2][7] [11]
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Figure 5: ADXL335 sensor

3. SYSTEM DESCRIPTION

The signals that are acquired from the sensors are in the form of analog signals and are feed to microcontroller. In case of heart
rate sensor which is a LED-LDR based sensor, when the signals here are taken they are first fed to IC LM 324 which does the job
of comparator and amplifier, like it reduces the noise and compare the values as according to the input given by the sensor. Later
on, these values are fed to microcontroller ATmega 328 which does the remaining job i.e. converting them from analog to digital
values before they are displayed on the LCD.

A particular set of values has been coded in the IDE which is the coding platform of Arduino. In this case, different high and low
values for each of the parameters is set in order to execute the function of GSM which is to send the message if the threshold
value is manipulated. [8] [9]

The coding in the IDE form is the most important part in this system; as the system will work according to the coding done by the
user. The system is shown in Figure 6.

Figure 6: Developed GSM based telemetry system.

4. RESULTS AND DISCUSSION

After the processing is done, the signals are finally displayed on LCD. All the sensors holds a particular threshold value, but the
LCD displays all the values for the purpose of constant monitoring of these physiological parameters, so that the persons around
the patient can monitor the signs 24*7. Apart from that, the system will automatically send a message if the threshold values are
exceeded. This system is cost effective and reliable and can be developed further. This kind of system can be of utmost
importance to people living in remote areas and who can’t afford to go for the expensive ones. The final output acquired on the
LCD and the SMS received on the specific mobile number is shown in the Figure 7 and Figure 8.
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Figure 7: Results displayed on LCD Figure 8: SMS received on Mobile Number

5. FUTURE WORK

For the future, this system can be upgraded and other parameters like ECG, respiratory rate etc can be added to it hence giving
access to all the vital parameters of the patient. Moreover, the output values taken can be viewed by the respective doctor on a
private server through LabVIEW which will include the patients name, age, gender etc, and giving full information for the easy
access and to avoid any other confusion. These signals can also be transmitted in real time which will have a great impact from
the diagnostic point of view.
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