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Abstract – We present in this work, a technique which 

consists in coding the values of physiological signals using the 

ASCII (American Standard Code for Information 

Interchange) code and transmit the texts obtained through 

SMS (Short Message Service) protols. The SMS texts 

received by a mobile phone are decoded to restore the 

physiological signals. Previously, the SMS messaging 

protocol was useful in telemedicine only to set appointments 

between patients and doctors, to alert patients when to take 

medications and to specify the doses of the drugs. Using our 

technique, biomedical signals of any kind such as ECG, EEG, 

changes in temperature or blood sugar levels can be 

transmitted through SMS. In the set of ASCII code, there are 

several invisible characters and many other characters that 

are interpreted by the operating systems as instructions. 

These classes of characters are a priori, serious handicaps for 

our applications but we developed strategies to overcome 

such difficulties. Our technique is in the news coming for 

telemedicine as it enables the transmission of biosignals at 

very low costs. We have obtained very satisfactory results. 
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I. INTRODUCTION 
   

Telemedicine is the aspect of medicine that uses 

telecommunications to transmit medical information 

(images, reports, records, etc.), in order to obtain remote 

diagnostics, expert advice, ongoing monitoring of a patient 

or a therapeutic decision. Telemedicine includes several 

different applications and the common point is the 

evaluation of the patient, or patient data, by one or more 

medical professionals, without direct physical interaction. 

The diffusion of mobile technologies as well as 

advancements in their innovative application to address 

health priorities has evolved into a new field of electronic 

health (eHealth) known as mobile health (mHealth) [1]. 

Mobile technology is helping with chronic disease 

management, empowering the elderly and reminding 

people to take medication at the proper time [2]. The 

mobile health can be an alternative that would make a 

significant contribution to public health problems in 

developing countries. Indeed, the penetration of mobile 

phone networks in many low- and middle-income 

countries surpasses other infrastructure such as paved 

roads and electricity. It is projected that by the end of 

2016, there will be 10 billions mobile devices in use 

around the world. The diffusion of cell phones into the 

remotest parts of these countries makes phone-based 

telemedicine a key option for curative interventions as 

well as preventive measures. Electronic Health (eHealth) 

is the future of healthcare and mobile eHealth (mHealth) is 

the future of eHealth [2]-[4]. Remote monitoring devices 

enable patients to record their own health measures and 

send them electronically to physicians or specialists. Many 

works have been devoted in recent years on mobile 

telephony applications for recording and transmitting 

Electrocardiogram „ECG) [5] - [9]. Mobile telephony 

system includes many applications such as short message 

sender (SMS) and multimedia message sender (MMS). 

SMS provides message sending only in text format while 

MMS communication applications provide message 

sending services in text, photo, graphic, animation, slide 

presentation, voice or video clip formats. In [10], an 

architecture and algorithm of MMS frame work for a 

mobile telemedicine system is proposed: MMS establishes 

a proper communication between the doctor who is 

working in the hospital and the nurse who is providing 

assistance to the patients at patient‟s living place. SMS 

have also been intensively used to manage chronic 

diseases. In [11], insulin measurement, insulin intake and 

other data of the patient are sent to physician through SMS 

for continuous health monitoring. SMS are also sent to 

patient to remind them on some activities. A review on 

Diabetes Management systems via Mobile Phones is given 

in [12]. Some other applications of SMS for improving 

healthcare management are found in [13]–[15]. 

In low incomes countries, the vast majority of the 

population lives in rural areas and cannot access medical 

doctors as these specialists of healthcare are rare and 

mostly being in few big cities. There is also a lack of 

hospital facilities because of the very limited financial 

resources. We propose a system that can bring a partial 

solution to these situations by allowing the poor patients 

everywhere in those countries to be able to record and 

send their physiological parameters to physicians at 

distant, through SMS mobile telephony protocols. Our 

system is new. The SMS are not used for alerts or 

reminding purpose as it has been the case up to now. 

Rather the text messages do map physiological signals 

such as ECG, EEG, and more. Samples values of 

biomedical signals are then encoded using ASCII code 

into text format before transmission through SMS. 

The main components of a remote medical diagnosis 

system shown in figure 1 include bio signal sensors, 

processing units, data communication networks, and 

medical service centers. The patient vital physiological 

signals can be measured, stored and processed through 

type of sensors, type of data communication and 

monitoring device. Signal processing and medical 

algorithms can also be performed for automatic diagnosis. 

Our aim in this work is firstly to collect vital physiological 

signals from patients and code these signals into text 

format.  The text obtained is processed and transmitted as 

an SMS to a distant doctor. At the doctor terminal, 
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decoding schemes are applied and the physiological 

parameters values are visualized or plotted as curve in 

natural format. In this way, we transmitted many 

biomedical signals successfully.  

 

 
Fig.1. Remote medical diagnosis system by mHealth 

 

The next section of the paper is devoted to the 

presentation of the architecture of SMS transmission 

system. At Section 3, we describe the different aspects of 

the designed and implemented software that manages the 

biomedical signals coding, transmission and decoding. 

Some of the results obtained are presented and discussed 

in Section 4, before the final conclusion. 

 

II. SMS PRINCIPLES AND ARCHITECTURE 
 

The short message service (SMS), also called "text 

messaging", is based on the capacity of a mobile terminal 

to transmit or receive alphanumeric messages. Short 

messages are text messages up to 160 characters (ASCII 

encoded using 7 bits that is 140 bytes) and are delivered in 

seconds when the recipient is attached to the network even 

when the recipient is in communication. Figure 2 shows an 

example of SMS architecture. 

To set up this short message service, the operator must 

provide one or more dedicated servers that are connected 

to the network. This server is called Short Message 

Service Centre (SMSC). Its role is to recover the sent 

messages and redistribute them to the recipients when they 

are connected to the network. Otherwise, it stores these 

messages. When the recipient's mobile can be located 

again, the network notifies the SMSC which is then able to 

relay the message. To send a message to a mobile phone, 

the SMSC uses the services of the MSC to which the 

recipient is attached. The delivery of the short message is 

guaranteed even when the mobile terminal is unavailable 

(for example, when it is switched off or when it is out of 

radio range) through the store and forward function of the 

SMSC. 

Upon arrival of an SMS message, the user is warned by an 

audible signal, an icon and notification or the message on 

his mobile phone. By means of its Mobile Phone menu, 

the user can then view the short message received. The 

architecture of this service consists of the following: 

 Gateway MSC for Short Message Service: It is a 

function capable of receiving a message from a short 

SMSC entity and to interrogate the home location register 

to determine the location of the destination mobile station 

secondly to deliver the short message to the MSC to which 

is attached the addressee mobile station. The serving MSC 

is also called Visited MSC. 

 Interworking MSC for Short Message Service: It is a 

function capable of receiving a short message from an 

MSC and submits it to an SMSC. 

 Short Message Service Centre (SMSC): This function is 

responsible for storing / relaying a short message. 

 Short Message Entity is an entity outside of the GSM 

network that can send or receive short messages. This is a 

dedicated server or a personal computer. Generally, all 

SMSC products implement SMS-GMSC. The SMSC 

equipment has a standardized interface on the GSM 

network side. It is based on the signaling protocol MAP 

(Mobile Application Part). 

 

 
Fig.2. SMS Basic Entities 

 

The short message transfer procedures are similar to 

those relating to the establishment of telephone calls, 

except that no speech circuit is reserved. The transmission 

of the short message is supported by the SS7 (Signaling 

System No.7) network. 

 



 
 
 

Copyright © 2015 IJECCE, All right reserved 

411 

International Journal of Electronics Communication and Computer Engineering 

Volume 6, Issue 3, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

III. ENCODING BIOMEDICAL SIGNALS IN TEXT 

FORMAT 
 

We need to transform the numerical values of 

physiological variables measured by the sensors in such a 

way that text SMS transmission protocols can support 

them. To this end, values of the physiological parameters 

are initially stored as files in the computer. We have 

developed a conversion algorithm of each value in ASCII 

(American Standard Code for Information Interchange). 

The flow chart of this algorithm is given in Figure 3. 

 
Fig.3. Flowchart of the coding process 

 

ASCII is one of the oldest codes used to represent text in 

computers. It is based on the codes of table 1, containing 

the most used characters in English: the letters of the 

alphabet in capital letters (A to Z) and lowercase (a 

through z), the ten Arabic numerals (0 through 9), 

punctuation (space, comma, semicolon, quotation marks, 

parentheses, etc.), some symbols and some invisible 

special characters (space, carriage return, tab, backspace, 

etc.). The creators of this code limited the number of 

characters to 128, which is 2
7
, thus, characters can be 

encoded using only 7 bits. This is the almost universal 

coding system. In the early years of computer technology, 

the computers were using a byte memory slots (8 bits), but 

they always reserved the eighth bit for parity check (that is 

a safety to prevent errors). Each character of a text in 

ASCII then occupies one byte. New standards have 

emerged: ANSI (American National Standards Institute) is 

an example that largely takes the ASCII code, and 

provides various extensions according to the "page code" 

used. Figure 4 shows an example of the page code 850 

which is widely used. 

Table 1: The ASCII code 

 
 

 
Fig.4. Page code 850 

 

The encoding process begins by reading the file 

containing the patient's physiological data. These are 

tables where the first column is usually the vector of time; 

the other columns are either the different leads of the same 

signal, or the values of several other parameters that were 

recorded simultaneously. We then carry on the 

quantization. The quantization operation consists in 

bringing the real numbers values of the biomedical signals 

to integers between 0 and 127. these integers are converted 

into binary numbers before being grouped into 8-bits 

words. Those words that correspond to the decimal values 

between 0 and 31 are the invisible ASCII characters. We 

added the decimal value of 161 to translate these special 

characters values in the range of 161 to 192. The 8-bit 

words coded in ASCII are transmitted using SMS 

protocols. In Figure 3, some Matlab syntaxes that we used 

in the experimental phase are provided. Figure 5 is the 

block diagram of the decoding process. One can find the 

inverse operations to those described in figure 3. 
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Fig.5: Decoding SMS to obtain Biomedical signal 

IV. RESULTS AND DISCUSSION 
 

We conducted tests using biomedical signals from [16]. 

In the experimental phase, we have limited durations of 

those signals to one second. It can be observed in Figure 6 

at the top, a portion of ECG signal transmitted and three 

versions of the received signal in different situations of 

coding. The original signal is that of 6-a. The situation of 

figure 6-b is where the numerical values obtained after 

quantization have been directly encoded in ASCII. Many 

distortions appear in the decoded signal. After a deep 

analysis of the whole process, we understood that the 

deformations were due to certain ASCII characters that are 

interpreted by the operating systems as instructions. Some 

of these characters are: NUL (No character: 0 in decimal), 

BS (Back Space: 8 in decimal), LF (Line Fed: 10 decimal) 

and CR (Carriage Return: 13 in decimal). If we take the 

example of BS (8 decimal) which is the back space, when 

this character is transmitted, the operating system 

interprets it and automatically deletes the preceding 

character. Figure 6-c shows the situation where we have 

considered the replacing of some of the characters 

supposed to be causing distortions by those that 

immediately follow them in decimal representation. Thus, 

0 is replaced with 1, 8 is replaced by 9, 10 is replaced by 

11 and 13 is replaced by 14. It will be appreciated once 

again that deformations persist and the decoded signal is 

not utilizable medically. 

We felt that all of the first 32 special characters of 

ASCII encoding for control were not appropriate for our 

application. The operating systems and the transmission 

protocols consider these characters as instructions. This is 

a great problem because the transmitted signals always 

incorporate serious undesirable changes. We therefore 

decided to replace the 32 first characters by other 

characters that a priori do not lead to a problem. The 

reverse process is carried out at the reception. Thus we 

worked with 7 bits (128 characters) by replacing the 32 

special characters of ASCII code by some of the extended 

ASCII characters. The characters 0 to 31 are replaced by 

those of 161 to 192. Once the replacements are achieved, 

the signal is encoded and transmitted. At the reception 

stage, the reverse operations are performed such that the 

numerical values  ranging from 161 to 192 after decoding 

are brought by translational values between 0 and 31.  

 
Fig.6. Original signal and  the received signals using 8 bits 

non optimized and optimized ASCII encoding for SMS 

transmission 

SMS Recovery 

 

Conversion of ASCII to 

decimal 

 
Recovery row and column (X 

Y)  

 

Back to 7 bits 

 
Binary conversion 

 
Regrouping in a line 

U=reshape(u,1,[]) 

 

Grouped into 13 bits 

k=reshape(u,13,[]) 

 
Conversion into string  

r = num2str(p) 

 
Conversion to decimal  

y=bin2dec(r) 

 
View, plot and save plot(X,Y)  

 

 End 
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The result is shown in FIG 6-d where the received signal 

after decoding is identical to the transmitted signal. Figure 

6-e is another original ECG signal of nearly 4 seconds 

duration. The signals shown in figure 6-f, 6-g, and 6-h are 

the retrieved signals after decoding the transmitted SMS in 

the same situations as respectively in figure 6-b, 6-c and 6-

d. 

Figure 7 shows an ECG signal consisting of 1092 

samples that have been transmitted by SMS (blue). The 

received signal in red color is also shown as well as the 

ASCII characters set that were generated and used for the 

SMS transmission. The application generated 4056 ASCII 

characters for this signal. Since each SMS message 

contains up to 160 characters, it follows that it takes 26 

SMS messages for transmitting the signal mentioned 

above. An SMS message costs about 4 cents US. The 

global cost of the transmission of the signal of Figure 7 is 

therefore US $ 1.04. This amount is paltry when compared 

to the medical interest that it brings to the patient. In figure 

8 is shown another example where 1182 samples of 

electromyogram (EMG) have been transmitted using 28 

SMS for a cost of US $ 1.12. 

We conducted several tests and simulations. We coded 

into ASCII characters, many other physiological signals, 

such as electroencephalograms (EEG) and respiratory 

signals all from [16]. The results were very satisfactory. 

We also made several field trials by connecting mobile 

phone terminals to the computer in order to send through 

SMS, texts generated by the ASCII encoding of 

biomedical signals. The SMS received by other mobile 

phone terminals were transferred to computer before the 

decoding and the display operations. The results were also 

perfect. Our system is very robust and reliable. 

This application falls in the mHealth telemedicine 

technology. It can be used in continuously medical 

analysis and automatic recording of patient physiological 

parameters. This technique can also contribute in the 

development of home hospitalization, particularly in cases 

of older people. This also helps to avoid unnecessary or 

unwanted hospitalizations for the patient. The interest is 

even greater for low-income countries where the lack of 

specialist doctors is garish. 

 

V. CONCLUSION 
 

We believe that we have achieved the goals we set 

ourselves, namely the development and implementation of 

applications that encode biomedical signals into ASCII 

characters, transmit the texts obtained by SMS and realize 

the decoding of the SMS messages received to restore the 

original values of the physiological parameters. The SMS 

technique that was initially designed for text messages has 

been exploited for remotely transmission of very complex 

biomedical signals. This work is a small contribution in 

the development of telemedicine systems. Its interest is 

well established. 
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Fig.7. Transmission of an ECG signal through SMS using ASCII encoding: Original ECG in (blue), received signal (red) 

and ASCII characters generated 
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Fig.8.  An EMG signal transmitted through SMS using ASCII encoding: Original signal (blue), received (red) signal and 

the generated text. 
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