
1.0 Introduction 
 
Telemedicine is widely considered to be part of the 
inevitable future of the modern practice of medicine. 
Itis gaining more and more momentum as a new ap-
proach for patients’ surveillance outside of hospitals 
(at home) to encourage public safety and to facilitate 
early diagnosis, treatment, and increased conven-
ience. Defined as the “use of advanced telecommu-
nication technologies to exchange health information 
and provide health care services across geographic, 
time, social, and cultural barriers,” telemedicine is 
currently being used by doctors, hospitals, and other 
healthcare providers around the world [1]. Conven-
tional telemedicine systems using Public Switched 
Telephone Network (PSTN) land lines are already 
available to enable a doctor to monitor a patient re-
motely for home care or emergency applications [2]. 
Also, the mobile phone has been recognized as a 
possible tool for telemedicine since it became com-
mercially available, and in the past few years, some 
parties have shown that with a bio-signal acquisition 
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unit connected to a notebook computer, which inter-
faces to a cellular phone equipped with a built-in 
wireless modem, vital signs can be transmitted from 
an ambulance to a hospital in a store-and-forward 
mode [3]or in real-time mode [4]. Moreover, newer 
cellular access technologies, such as GPRS, EDGE, 
3G, and WiMAX provide for much higher data 
transmission speeds (rates) than the basic 2G GSM 
cellular system offering future telemedicine solu-
tions endless choices for high-end designs [5]. How-
ever, these relatively new wireless technologies are 
deployed mostly in or around crowded high-income 
metropolitan areas. Therefore, the majority (80.8%) 
of the 3.8 billion cellular phone users in the world 
are still 2G GSM users [6]. 
  The use of mobile and wireless devices to 
support medical and public health practice and re-
search (mHealth) is gaining increased attention as it 
provides opportunities to rapidly connect people, 
reducing the delay across the chain of health deci-
sions, and positively affecting the lives of millions 
of underserved population [7]. The International Tel-
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continuous monitoring possible.This experimental health monitoring setup can be operated from anywhere in 
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critical monitoring is needed at all times. The system is relatively portable, versatile, cost effective and user 
friendly. 
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ecommunication Union (ITU) estimated at 5.9 bil-
lion the number of mobile subscribers in 2011, with 
global penetration estimated at 87% of which 79% 
in the developing world [8]. With the continuous 
growth in the developing world, several mHealth 
initiatives are being implemented in developing 
countries. 
 In this work, a telemedicine system based on 
Short Messaging Service (SMS), which is an inte-
gral part of the original 2G GSM cellular system was 
designed and fabricated. This indigenous system 
transfers a patient’s blood pressure and body temper-
ature readings or alerts to the distant or mobile care-
giver. Mobile messaging services provide alternative 
means of data transmission in a cellular communica-
tion system and it is a more versatile and convenient 
option, since all new phones are SMS and MMS ca-
pable. In addition, under certain circumstances, SMS 
can be the only means of transmission in a cellular 
system. 

 
2.0 Design Methodology 
 
In the process of realization of the SMS – based Tele
-care system, several requirement considerations and 
specifications need to be met in order to arrive at as 
functional and reliable product. Certain important 
factors like deployment environment, safety reliabil-
ity, user – friendliness, precision and accuracy are 
being considered to ensure a useful and acceptable 
product. 
 
2.1 Design Materials 
Materials used include LM35 precision centigrade 
temperature sensors, Digital Sphygmomanometer, 
PIC 16F877A Micro-controller, GSM modem, flexi-
ble wire, vero-board and plastic casing. 
Resistors: 

R1 = 1.2KΩ 
R2 = 2.2KΩ 
R3, R4, R5, R6, R8, R9, R10, R11, R12, R13 = 

10KΩ 
R7 = 1MΩ 
R14 = 330KΩ 
R15, R16 = 100KΩ 

Capacitors: 
C1, C2 = 0.47nF 
C3 = 0.1uF 
C4 = 0.47uF 
C5, C6 = 22uF 

Transistors: 

T1, T3 = BD 243 
T2, T4 = BD 244 
T5 = 2N2222 

Voltage Regulators: 
(2) LM 317 
     LM 7806 

IC Holders:  
 40 pin holders 
 
2.2 Design Considerations 
2.2.1 Safety and Comfort 
There is this level of comfort and safety to patient 
that is obtainable in every health –related equipment 
or devices. These qualities ensure a smoother and 
more efficient healthcare delivery. Most people 
would not feel comfortable with buzzing, vibrating 
or itching equipment coming in contact with their 
skin. 
 
2.2.2 Material Cost and Availability 
We made sure we procured materials based on their 
availability locally and at the lowest cost possible. 
This is to ensure the sustainability of indigenous 
technology and to ensure that the work does not 
hang halfway due to unavailable components or un-
affordable price of any component. Also, this will 
ensure that the devices are serviceable with available 
spare parts in case of damage or malfunction. 
 
2.2.3 Ease of Installation and Usage  
To ensure the successful deployment of this device 
in a cross range of environments and by different 
technical personnel, the device is designed so as to 
enable easy deployment and installation. 
 
2.2.4 Reliability and Robustness 
Because we are dealing with a device upon which a 
critical issue such as a human life might depend, ex-
tra care was put in place to ensure the optimum oper-
ation of the device even under some tested stress 
conditions. 
 
2.2.5 Security (Of Data and Communication) 
In order to avoid unwanted access to the unit, some 
extra security features are embedded during the de-
sign process to ensure that the communication link is 
maintained privacy levels. 
 
2.3 Design Specifications 
1). Operation Band: GSM 900/1800MHz 
2). Size: (Length = 225mm; Width = 115mm; Height 
= 150mm) 



3). Weight: 5.5kg (including battery bank) 
4). Power consumption:17.36watts (average). Con-
sidering other components. 
5). Signal level: 15 to – 30dB 
6). Backup power: 12V rechargeable battery; consid-
ering 5V for micro-controller and 7.5V for the GSM 
modem. 
7). SMS response time: Approximately 82sec. 
(depending on the network traffic) 
 
2.4 Block Diagram  
Key:  BP= Blood pressure HR= Heart Rate 
 Sphyg= sphygmomanometer  
 MAX 232= Maxim 232 IC 
  
 The complete system is as shown above. The 
LM35 temperature sensor is embedded on the 
sphygmomanometer cuff to make direct contact with 
the skin. Micro controller which receives the signals 
from the temperature sensor and sphygmomanome-
ter and make the necessary calculations and conver-
sions then send the information through USART 
(universal synchronous, asynchronous receiver and 

transmitter) to the MAX232 which serves as a con-
verter to convert either the outgoing signals or in-
coming signals to a form or size recognizable by the 
GSM modem or micro controller respectively. The 
GSM modem receives the information from the 
MAX 232 and sends it to the mobile phone using 
BTS (base transceiver station) network. Also request 
(message) from the mobile phone can reach the sys-

60                Nnadiekwe C.A., Iwuji S.C., Okafor G.C., Nwankwo P.U.  and Ogu E.U.. 

tem by reverse process. 
 
2.5 Algorithm of the Program (Telemedicine) 
As shown in Figure 2,  
1). Start >>>>  
2). Initialize modern >>>>  
3). Initialize LCD >>>> 
4). Initialize Digital Sphygmomanometer >>>> 
5). Initialize Digital thermometer>>>> 
6). Delay (BP Calculations)>>>> 
7). Obtain Blood pressure value>>>> 
8).Obtain temperature value >>>> 
9). Display BP and body temperature values on LCD 
>>>> 
10). Check modem for message >>>> 
11). If any message, verifies the sender, Go to 13 
>>>> 
12). Go to 18 >>>> 
13). If sender = valid, decode message, Go to 15 
>>>>  
14). Go to 18 >>>> 
15). If BP = 120, 80 (range) and body temperature 

370c (range) respond to message with re-
quested valves, Go to 17 >>>> 
16). Reply message with requested valve 
+ warming message >>>> 
17). Delete Message. >>>> 
18). If BP ≠ 120, 80 (range) and body 
temperature ≠ 37 (range), send warning 
message >>>>  
19). Go to 4 >>>> 
20). End 
 
2.6 Module Descriptions 
2.6.1 Digital sphygmomanometer 
This device is used to measure blood 
pressure. It uses oscillometric measure-
ment and electronic calculations rather 
than auscultation. It inflates automatical-
ly when the ON button is pressed; the 
device measures the systolic, diastolic 
pressures and heart rate by oscillometric 

detection using a piezo electric pressure sensor and 
electronic components including a micro- processor. 
 
2.6.2 LM35 precision centigrade temperature sen-
sors 
The LM35 series are precision integrated-circuit 
temperature sensors, with an output voltage linearly 
proportional to the Centigrade temperature. Thus the  
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Fig 1.0: Block diagram of an SMS-based Tele-care Patient Monitoring System.   
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LM35 has an advantage 
over linear temperature 
sensors calibrated in ° Kel-
vin, as the user is not re-
quired to subtract a large 
constant voltage from the 
output to obtain convenient 
Centigrade scaling. The 
LM35 does not require any 
external calibration or trim-
ming to provide typical ac-
curacies of ±¼°C at room 
temperature and ±¾°C over 
a full -55°C to +150°C 
temperature range. Low 
cost is assured by trimming 
and calibration at the wafer 
level. The low output im-
pedance, linear output, and 
precise inherent calibration 
of the LM35 make interfac-
ing to readout or control 
circuitry especially easy. 
 The device is used 
with single power supplies, 
or with plus and minus sup-
plies. As the LM35 draws 
only 60µA from the supply, 
it has very low self-heating 
of less than 0.1°C in still 
air. The LM35 is rated to 
operate over a -55°C to 
+150°C temperature range.  
 
Features: 
• Calibrated directly in 

°C Celsius (centigrade) 
• Linear +10mV/°C scale 

factor 
• 0.5°C ensured accuracy 

(at+25°C) 
• Rated for full -55°C to 

+150°C range 
• Suitable for remote ap-

plications 
• Low cost due to wafer-

level trimming 
• Operates from 4 to 30V 
• Less than 60µA current drain 
• Low self-heating, 0.08°C in still air 
• Nonlinearity only ±¼°C typical 

• Low impedance output, 0.1 for 1mA load 
 
2.6.3 Power Supply 
The power supply section of the system is design in 
such a way as to provide different voltage rails for 
different components inside the system. There is a 
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Fig.2.0 Flow chart of the SMS-based Tele-care patient monitor 
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+5v voltage rail for the microcontroller and the 
smaller component, IC’s. We also have LED indica-
tor and LCD displays being powered with +5v. The 
GSM module is powered off the +7.5v rail. The 
buzzer is powered from the +9v rail  
 
2.6.4 Micro Controller (PIC 16F877A) 
PIC is a family of Harvard architecture microcon-
trollers made by Microchip Technology. There are 
many types of the PIC microcontroller but the 
PIC16F877A microcontroller was used. The pin out 

is shown below. 
 
Every microcontroller has a program memory which 
is synchronous with the hard disk of a computer. 
 
2.6.5 MAX 232  
The MAX 232 is a dual driver/receiver that includes 
a capacitive voltage generator to supply TIA/EIA-
232-F voltage levels from a single 5V supply. Each 
receiver converts TIA/EIA-232-F inputs to 5-V 
TTL/CMOS levels. These receivers have a typical 
threshold of 1.3v, a typical hysteresis of 0.5v, and 
can accept 30v input. Each driver converts 
TTL/CMOS input levels into TIA/EIA-232-F levels.   
 
2.6.6  GSM modem (SIM 900) 
GSM/GPRS modem is built with dual band 
GSM/GPRS engine SIM 900, works on frequencies 
900/1800MHz. The modem is coming with RS232 
interface, which allows you connect PC as well as 
microcontroller with RS232 chip (MAX232). The 

baud rate is configurable from 9600-115200 through 
AT command. The GSM/GPRS modem is having 
internal TCP/IP stack to enable you to connect with 
internet via GPRS. It is suitable for SMS, voice as 
well as DATA transfer application in M2M inter-
face. The onboard regulated power supply allows 
you to connect wide rang unregulated power supply. 
Using this modem, you can make audio calls, SMS, 
read SMS, and attend the incoming calls and internet 
through simple AP commands. 
 

Features of GSM SIM 900 
• Dual band GSM/GPRS 900/1800MHz. 
• Configurable baud rate. 
• SIM card holder 
• Built in network status LED. 
• Inbuilt powerful TCP/IP protocol stacks for in-

ternet data transfer over GPRS. 
 
 
3.0 Results and Discussion 
Unlike mobile phones, a GSM modem doesn’t have 
a keypad and display to interact with. It just accepts 
certain commands through a serial interface and 
acknowledges the command. These commands are 
called as AT commands. There are list of AT com-
mands to instruct the modem to perform its func-
tions. 
 
3.1 Circuit Implementation 
The following steps were observed in the setup and 
soldering of the circuits: 

•The individual components were tested and 
each placed on a project board for hardware testing 
of the different modules. 

Fig 3:Digital sphygmomanometer used for d project 

Fig 4: The LM35 temperature sensor 
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•When all the modules worked, all the compo-
nents were transferred to a Vero board upon which 
they will be soldered. 

•The soldering kit was made up of a soldering 
iron, soldering lead, lead suckers, cutters and pliers.  

•Having the tip of soldering iron clean compo-
nent was carefully soldered to the Vero board using 
soldering lead of small thickness. 

•The microcontrollers and other integrated cir-
cuits were not soldered directly to the Vero board 
because of overheating from the soldering iron; in-
stead, IC holders were soldered directly. 

•Connecting wires were used to interconnect 
components that are unable to make direct contact 

with each other, the soldered to 
the Vero board. 
•Input and output leads were add-
ed to the circuit through the use of 
jumper wires, and then soldered to 
the Vero board. 
 
3.2  Software Implementation 
This is the implementation stage 
in which various software in a 
computer system are used to ob-
tain certain results with respect to 
the microcontroller. 
 
3.2.1. Microcontroller Program-
ming. 

Af-
ter 

writing the code using embedded c pro-
gramming language on an MPlab suite, the 
codes were compiled and transferred to a 
programmer which was used to burn the 
codes into the microcontroller. The pro-
gramming software had the ability to simu-
late the codes written so as to check for ar-
bitrary malfunctions. The microcontroller 
was then placed on hardware, which was 
connected to its software through USB in-
terfacing. 
 
3.2.2  Software Description 
This describes the various software packag-
es which were used to design the surveil-
lance robot. These software packages in-
clude: 
•Embedded c (C++) which served as the 

Fig 5a: Diagram of power supply circuit 

Fig. 5b: Complete Circuit Diagram 

Fig. 6 Pin Layout of the PIC16f877A Micro-
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• programming language, 
•Proteus; which was used for both schematic 

representation and simulation 
• Embedded C++: This is a dialect of the C++ 

programming language used for embedded systems. 
Hence, in embedded c, Instructions are put together 
to perform a function, the functions are then treated 
as higher-level operations, and functions are com-
bined to form the complete program, [9] 
 
3.3 System Testing 
After coupling the entire modules into the casing, a 
final checking is made to ensure that the unit is func-
tioning according to design. A lot of adjustments and 

fine tuning were made during test run to achieve a 
functioning system. Some components prompted 
changing while some modules were modified and 
adjusted to fit in. Eventually the unit gave a reasona-
ble output in terms of functionality and efficiency. 
The sphygmomanometer and temperature sensor 
were functioning normal, the micro controller, 

MAX232, GMS modem performed as expected. The 
LCD displayed the readings and the panic alarm 
send alert as designed. 
 After the entire modules were tested individ-
ually and put together, the project units were tested 
to obtain results. As the design was complete with 
all the integration it was tested to verify the various 
functional and non functional requirements. This 
stage was marked with error detection and debug-
ging sessions. The components were tested individu-

ally and as a system on the 
whole. Also the panic alarm 
is use to call doctors or care
-giver attention when nec-
essary. Also this device was 
designed and fabricated us-
ing locally, simple and un-
sophisticated system com-
ponents available in the 
country. It can be compared 
favorably with its rivals in 
the developed world. The 
SMS response time is ap-
proximately 82seconds, 

though this depends on the network traffic, geo-
graphical location, weather conditions and sufficien-
cy of air-time in the SIM card that is inside the GSM 
modem. 
 
 

Fig. 7: Interior view of the project 

  
  

    Standard 
Sphyg 

Standard 
thermometer 

Pro-
jectSph
yg.. 

Project  
thermometer 

Samples Age 
(yrs) 

Gender BP  
(mmHg) 

Temperature 
(°C) 

BP 
(mmHg) 

Temperature 
(°C) 

1 22 M 110/92 35 112/93 33 

2 25 M 125/95 38 125/89 35 

3 26 M 107/88 37 110/86 36 

4 20 F 99/68 38  99/71 37 

5 23 M 114/76 34 118/80 36 

Table 1: Test Result 

Fig.8.0: Complete Design: SMS-based Tele-care Patient 
Monitor.  
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3.4 Discussion  
From the table above it shows the blood pressure 
and body temperature reading of some persons from 
age of 20 to 26 years. The first values shows the 
blood pressure and temperature reading from a 
standard sphygmomanometer and thermometer 
while the second values on the last two columns 
shows the values obtained from the device designed. 
Comparing the two values for each individual shows 
that the designed device was able to accomplish its 
intended used and can be recommended for measur-
ing a patients vital sign and also for remote monitor-
ing of patients. 

 
 
4.0 Conclusion and Recommendation 
 
4.1 Conclusion  
This SMS-based tele-care system was designed and 
developed with locally sourced materials to aid mon-
itoring, diagnosis and convenient means of commu-
nication between the patient and the mobile care-
giver. The major value of this GSM-alert-system is 
in the detection of patient’s abnormalities and their 
SMS report to a distant doctor for immediate treat-
ment and saving of life.  
The system has a significantly reduced size and 
weight and SMS can be the most suitable, if not the 
only, method of data transmission in emergency sit-
uations in a remote area where broadband data com-
munications (like GPRS and EDGE) are not availa-
ble. 
 
4.2 Recommendation 
This SMS-based tele-care system is recommendable 
in order to provide effective and efficient monitoring 

of patients. This system could be interfaced with 
GPS and GIS facility for effective rescue of mobile 
patient from any location. It could also be designed 
to monitor other vital signs of the patient aside blood 
pressure and body temperature. 
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