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Abstract  
The present work describes in a detailed way the process of 
design, implementation and testing of a control, monitoring 
and follow-up system for patients with neurodegenerative 
diseases. This system is a tool to provide peace of mind to 
people who have relatives with a neurodegenerative disease 
and who for several reasons must remain alone without the 
care of specialized personnel. The proposed system consists of 
an electronic prototype and a web service hosted in the internet 
cloud. The electronic prototype oversees and receives the 
information of a photo-plethysmography (PPG) sensor and an 
accelerometer, also manages the communication with the GPS 
module to obtain the geographical coordinates where the 
device is located and sends this coded information through an 
Access Point Name (APN) to the server. The server receives 
the frames, evaluates its validity and updates the web interface 
so that the client can see in real time the location and status of 
the heart rate and the level of oxygen saturation in the blood of 
the family being monitored. The web interface allows to see 
through two graphical indicators if there are abrupt changes in 
the cardiac rhythm and in the position of the patient (falls or 
strong blows).  

  
Keywords: AT commands, accelerometer, biomedical signal, 
GPRS, GPS, GSM, Microcontrollers, Microsoft Azure, photo- 
plethysmography, SpO2, wake on shake.  
  

INTRODUCTION  

Neurodegenerative disease are an incurable and life-limiting 
illnesses, the World Health Organization states that ‘every 
person with a progressive illness has a right to palliative care 
[1]. According to studies carried out by Alzheimer’s disease 
International, the growth of neurodegenerative diseases has 
increased exponentially in the last decades (Figure 1) and the 

costs associated with the care of these diseases are enormous, 
they can be compared with the income of Multinational 
companies (Figure 2). 
 

 
Figure 1. Dementia - A global epidemic [1]. 

 
This type of disease mainly affects the adult population 
(people aged 60 years or more), in Colombia a prevalence of 
1.8 and 3.4% has been determined in groups of patients older 
than 65 and 75 years respectively, however these data 
correspond to dementia without specifying sub classification 
[2]. 

 
Figure 2.  Dementia Care Costs [1]. 
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According to studies conducted by Fedesarrollo, the 
Colombian aging rate (ratio between people aged 60 and over 
and population under 15) has been increasing and the process 
will accelerate considerably in the next three decades: from 40 
to 122.9 between the 2014 and 2050 [3] (Figure 3). 
 

 
Figure 3. Evolution of the aging index, 1985-2050 [3]. 

 
Domestic aging, measured as the proportion of households 
with one or more older people, is significantly more important 
than the demographic aging in all Latin American countries. 
In Colombia, in 2010, about 9% of the population was 60 years 
or older, but in 30.8% of the households lived at least one older 
person [3] (Figure 4). That is, even if only 1 in 10 people are 
older, about 1 in 3 Colombian households has the presence of 
older people. This means that any social policy aimed at 
people aged 60 or more will affect households more strongly 
than individuals. 
 
Between 2000 and 2010, Latin America and the Caribbean 
increased the prevalence of care needs in the elderly 
population by 23%. And by 2020 it will have increased by 
47%, which means that more than ten million people aged 60 
and over will require daily assistance [4]. 
 
According to the figures and statistics mentioned above, it was 
detected that there is a business opportunity to develop a 
technological tool that allows to improve the care and 
monitoring of patients with this type of disease. 
 
According to the care pathway proposed by Alzheimer's 
disease International this project is in the quadrant marked 
with a white asterisk (Figure 5). It seeks to improve the quality 
of life of patients who have been diagnosed but not receiving 
care and provide their families with a tool that gives them 
peace of mind and let them know that their loved ones are well. 
Additionally, it is desired to improve the quality of life of the 
patient's family caregiver because according to different 
researches the psychological and social well-being of this 
population group is prone to present a negative trend [5]. 
 

 
Figure 4. Evolution of the percentage of households with at 

least one older adult. [3] 
 

 
Figure 5. Dementia diagnostic and treatment coverage [1] 

 
The document is divided into eight sections, the first section 
introduces the development of the system and the motivations 
that led its development. In the second section a description of 
similar systems that are currently available in the market is 
made and the main characteristics of the technologies used in 
this type of systems are stated. Sections three and four describe 
the system requirements and details the development process 
of the proposed model. In section five an analysis of the results 
obtained from the prototype and the web interface is carried 
out. Section six details the business model and the financial 
viability analysis of the product. Finally, sections 7 and 8 
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shows the conclusions and future work that are generated from 
this work. 
 

STATE OF THE ART 

Following are cited products that carry out monitoring and 
storage of biomedical signals (similar functionalities of this 
project), after that is described the main technologies used in 
the development of this project: GPS-based tracking systems 
and mobile phone communications. 
 
Biomedical signal monitoring systems 

A search of the main electronic devices that allow to make 
biomedical signals monitoring was made. Table 1 shows a 
summary of the devices of the most representative brands in 
the current market. 
 

Table 1. Biomedical signal monitoring devices 
Brand Features Price 

 
Apple – Apple Watch 2 

Bluetooth 
connection 
WiFi connection 
WatchOS 
Heart Rate Sensor 
Accelerometer 
Gyroscope 
Ambient light 
sensor 
Varied sizes 
(adjustable strap) 

$300 
USD 
(basic 

version) 

  

 
Polar - Polar M600 

Built-in GPS 
Android Wear 2.0 
Measures heart 
rate 
Varied sizes 
(adjustable strap) 
Waterproof 

$360 
USD 

 

 
Samsung - Gear Fit 2 

Built-in GPS 
Bluetooth 4.0 
connection 
Measures heart 
rate 
Varied sizes 
(adjustable strap) 

$200 
USD 

 
Garmin - Vívoactive® 

HR 

GPS 
GarminElevate™ 
wrist heart rate 
monitor  
Barometric 
altimeter  
Compass 
Accelerometer 
Ambient light 
sensor Bluetooth 
4.0 connection 

$250 
USD 

 

A wide variety of signal monitoring devices can be found in 
the market. But all required a smartphone to store and process 
the information acquired. The majority has only Bluetooth 
connectivity which is a limitation if you do not have a 
smartphone. 
 
GPS-based tracking systems 

GPS, or the Global Positioning System, is a satellite navigation 
system that provides positioning and clock time to the 
terrestrial user. The system consists of more than just satellites. 
While the satellites make up the space segment, the system 
also includes a control segment that monitors and maintains 
the satellites. 
 
Carrier Phase: GPS uses microwaves, and just like all light 
and radio waves, each signal has a unique frequency and 
wavelength [6]. 
 
C/A and the P(Y) Code: Binary data that is modulated on the 
carrier signal is referred to as Code. Two main forms of code 
are used with NAVSTAR GPS: C/A or Coarse/Acquisition 
Code (also known as the civilian code), is modulated and 
repeated on the L1 wave every millisecond; the P-Code, or 
Precise Code, is modulated on both the L1 and L2 waves and 
is repeated every seven days. The (Y) code is a special form of 
P code used to protect against false transmissions; special 
hardware, available only to the U.S. government, must be used 
to decrypt the P(Y) code [6]. 
 
Operation: While the GPS receiver is listening to the satellites, 
it is also downloading information about the satellites' orbit 
and trajectory. An almanac is transmitted every 12.5 minutes 
and contains approximate orbits for the constellation, as well 
as atmospheric modeling. The ephemeris is transmitted every 
30 seconds and contains shorter, more precise trajectory data 
for a given satellite [6]. 
 

 
Figure 6. GPS Global positioning system [6] 

 
Each satellite produces a unique code sequence of ones and 
zeroes. By matching the time difference of the code generated 
by the satellite's atomic clock and the user's clock (not so 
atomic), the GPS receiver is able to match the code and 
calculate a time difference. Based on the calculated time 
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difference and known value of the speed of light, the distance 
between the SV and the receiver can be determined (speed of 
light multiplied by time). 
 
Because of the clocks' discrepancy, the slowing of light 
through the atmosphere and slight inaccuracy of the 
transmitted almanac, we call this distance a pseudorange.  
 
The receiver position can then be calculated by intersecting 
distances from multiple satellites. Three satellites are required 
to determine a 2-dimensional position and four or more are 
necessary for 3D as shown in Figure 6. 
 
SOURCES OF ERROR: it is important to recognize the many 
error sources that GPS receivers that we as users must not only 
be aware of, but also correct. For example: 
 
• Atmosphere: Ionospheric and Tropospheric refraction can 

delay the signal and cause ranging errors. 
• Multipath: Reflecting or bouncing signals not traveling 

directly to the antenna can cause ranging errors, e.g. 
buildings, tree trucks, canyons. 

• Satellite Geometry (Dilution of Precision or DOP): Bad 
satellite geometry can result in weak positional solutions. 
These DOPs can be separated into Vertical, Horizontal, 
Positional (3D) and Geometric (with time). 

• Selective Availability: The US government's ability to 
degrade positional accuracy by "dithering" or slightly 
altering the satellite clocks and by changing the broadcast 
ephemeris to report a slightly different satellite position. 
(Switched off on May 1, 2000, but can be reinstated at any 
time.) 

• Anti-Spoofing: To prevent hostile outside sources from 
degrading the P-Code, the (Y) Code replaces the P Code, 
creating an encryption that can only be demodulated by 
special hardware. 

 
Mobile phone communications 

The desire to remotely monitor and maintain machines and 
systems has been steadily increasing. There are many reasons 
for this, from simple cost savings to developing new service 
business models.  
 
Most customers favor remote access to machines and systems 
over fixed networks, however problems do occur in practice. 
Here are three typical examples: 
1. The component is in a mobile unit. 
2. There is no fixed network connection at the planned 

location. 
3. The subsequent end customer prohibits the 

machine/system supplier from using its local network. 
 
In all three cases, mobile phone communications can prove an 
effective solution. 
 
The requirements for mobile phone networks are continually 
rising. For this reason, older mobile phone networks are being 

modified or replaced by new ones. Today's mobile phone 
networks can be roughly divided into mobile phone networks 
of the second, third, and fourth generation. In the Figure 7 you 
can see a timeline with the evolution of mobile 
communications. 
 

 
Figure 7. History of mobile phone technologies [7]. 

 
Packet-oriented communication (GPRS to LTE): In packet-
oriented data transmission, the data to be transmitted are 
divided into small packets. Each packet is given a source 
address and a destination address. On the way to the 
destination, the data packets can be transmitted over different 
routes. The packets can therefore arrive in a different sequence 
and at different times, which makes communication more 
complex. A great advantage of this approach is the 
significantly better network utilization. Packet-oriented data 
transmission is state-of-the-art in today's industry and will 
probably remain so in the future. 
 
APN (Access Point Name): The mobile phone network is 
linked to other networks such as the Internet or private 
company networks, via access points. The access point is in 
the core network (fixed network) of the mobile phone network 
operator (Figure 8). If a mobile phone subscriber would like to 
access the Internet, the device must store the APN (Access 
Point Name), some network operators also ask for a user name 
and password when the connection is being established. 

 
Figure 8. The mobile phone subscriber establishes 

connection to the Internet via APN (Access Point Name) [7]. 
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Public and private access points: All mobile phone customers 
of a mobile phone service provider can use public access 
points, for example to surf the Internet using a cell phone. 
Private access points are available only to certain mobile 
phone customers, e.g., field employees who want to connect 
directly to the company network using their mobile devices 
without using the public Internet (see Figure 9). For several 
reasons, the use of the wrong access point must be avoided. 
 

 
Figure 9. Public and private access points are available [7]. 

 
DESIGN REQUIREMENTS 

The first step in the development of this project was to clearly 
define the technical requirements and functionalities that the 
system must have. The requirements for this system are 
described below. 
 

Functional requirements 

• Transmit the data acquired by the system remotely to a 
centralized server where the information will be 
processed. 

• Generate alert if patient has changed its physical position 
abruptly (fall detection). 

• Generate alert if there are abrupt changes in the heart rate 
of the user. 

• The server must allow historical tracking through an 
online graphical interface. 

 
Technical requirements 

• Minimum autonomy of 20 hours (using the maximum of 
resources). 

• Maximum weight: 200 grams. 
• Rechargeable battery. 
• Connector to reprogram the microcontroller (scalability) 
• Indicator lights and low battery. 
• Configuration and request the status of parameters via 

SMS. 
 
Case requirements 

• Adaptable for different patients (different adjustment 
measures). 

• The bracelet can be washed if necessary. 
• Hypo-allergenic material to avoid discomfort in users 

with skin sensitivity. 

• Shock-resistant in case of user falls (average weight of a 
man: 67Kg, full arm is 5% of this weight = 3.35Kg in free 
fall = 33Newton). 

 
PROPOSED MODEL SYSTEM 

To develop the proposed system, a selection of electronic 
components and materials were made to meet the technical, 
functional and physical design requirements. The next step 
was to test and characterize the selected sensors, then the tests 
on the microcontroller development kit were carried out and 
after that the programming of the firmware for this 
microcontroller was developed. 
 
Then the PCB for the microcontroller was designed with the 
peripherals that would be used and afterwards it was made in 
two layers with true-hole technology. Subsequently using a 
graphic design software called solid works was designed the 
housing of the prototype and was ordered to manufacture in a 
robust material in a 3D printer. 
 
 The prototype was assembled and the relevant tests were 
carried out. Finally, the web service was designed through the 
Microsoft Azure tool, this service should receive the frames 
sent by the prototype and save it in a database for further 
analysis and processing. 
 
Component selection 

1. Pulse Sensor: to meet the needs of a small size, a filter 
was made looking for the smaller pulse sensors. Table 2 
shows the options available on the market that meet the 
needs. 

 
Table 2. Pulse sensors 

Sensor Dimensions Price 

 
Figure 10. [8]. 

0.625 in 
Diameter 

 
0.125 in     

Thick 

$24.95 
USD 

 
Figure 11. Pulse Sensor 
MAXREFDES1117 [9] 

(0.5in x 0.5in) 
Board Size $20 USD 

 
The one selected by size and price was the 
MAXREFDES117 sensor. This sensor can be powered by 
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2 to 5.5 volts. It is a photo-plethysmography (PPG)-based 
system that uses optical method for detecting heart rate 
and SpO2. It consists of three main parts: 
a) MAX30102, a high sensitivity heart rate and pulse 

oximetry sensor. It is used with integrated red and IR 
LEDs for heart rate and pulse oximetry monitoring. 

b) MAX1921, a low-power step-down digital-to-digital 
converter. It generates 1.8 V from input to supply the 
sensor. 

c) MAX14595, a high-speed logic-level translator. It 
works as an interface between the sensor and the 
connected developing board. 

 
The block diagram is shown in the figure 12. 

 

 
Figure 12. MAXREFDES117 Block Diagram [9] 

 
2. Accelerometer: There are a great diversity of 

accelerometers available in the market, some of them 
come integrated with gyroscopes. For this project, a board 
called Wake on shake (Figure 13) was selected, which is 
conditioned to deliver a digital output when there are 
abrupt changes of movement. 

 

 
Figure 13. Wake on Shake [10] 

 
The Wake-on-Shake combines the ATTiny2313A with 
the ADXL362 low-power MEMS accelerometer to alert 
if someone picks it up or moves it. The board is easy to 
use, basically connect it to a power source (2.0-5.5V). 
Power consumption: < 2uA @ 3.7V. By default, the board 
will activate when it experiences a mild bump or tilt. 
Using a serial data connection, the sensitivity can be 
increased or decreased, as can the delay time. 

 

3. GPS and GPRS/GMS module: As in the selection of the 
pulse sensor, were made a search for modules that 
integrate a GPS and a communications module and that 
also has a reduced size. Table 3 shows the options found. 

 
Table 3. GPS/GPRS modules 

GPS/GPRS module Dimensions Price 

 
Figure 14. Module A7 Breakout 

[11] 

2" x 3" 
 

$10 
USD 

 
Figure 15. Adafruit FONA 808 

[12] 

1.7" x 1.7" x 
0.3" 

 
Weight: 

12.3g 
 
 

Additional 

functions: 
built-in 
battery 
charger 

$50 
USD 

 
Figure 16. KCS TraceME TM-

231/R9M2 [13] 

0.66"  x   
1.38" 

 
Weight: 3.8 g 

 
Additional 

functions: 
built-in 

accelerometer 

$150 
USD 

 
The module selected was the Adafruit FONA 808. It was 
selected for its additional function, the built-in battery 
charger and for the small size of the antennas. At the heart 
of the board is a powerful GSM cellular module with 
integrated GPS. 

 
The key features of the GSM module are: 
• Quad-band 850/900/1800/1900MHz - connect onto 

any global GSM network with any 2G SIM. 
• Fully-integrated GPS (MT3337 chipset with -165 

dBm tracking sensitivity) that can be controlled and 
query over the same serial port. 

• Make and receive voice calls using a headset or an 
external 32Ω speaker + electret microphone 

• Send and receive SMS messages 
• Send and receive GPRS data (TCP/IP, HTTP, etc.) 
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• PWM/Buzzer vibrational motor control 
• AT command interface with "auto baud" detection 

 
The primary features of the GPS module are: 
• 22 tracking / 66 acquisition channels 
• GPS L1 C/A code 
• Sensitivity: Tracking: -165 dBm, Cold starts: -147 

dBm 
• Time-To-First-Fix: Cold starts: 32s (typ.), Hot 

starts: 1s (typ.), Warm starts: 5s (typ.) 
• Accuracy: approx. 2.5 meters 

 
Additionally, the board has the following features: 
• Onboard LiPoly battery charging circuitry. Use any 

500mAh+ LiPoly or LiIon battery and recharge over 
the MicroUSB when necessary. Two LEDs let it 
know when its charging and done. 

• Standard 4-pole TRRS headphone jack. 
• Breakouts for external 32Ω speaker and electret mic  
• Level shifting circuitry so you can run it with 2.8V 

to 5V logic. 
• Vibrational motor (buzzer) driver so you can have 

noiseless notifications 
• uFL connections for external antennas 
• Indicator LEDs for power and network connectivity 
• Standard SIM slides into the back 

 
 
4. Microcontroller: Microcontrollers of the most recognized 

brands in the market were evaluated. Table 4 shows the 
microcontroller portfolio preselected, all are 32 bits and 
from ARM family this because of its enormous potential 
and versatility. 

 
Table 4. Microcontrollers Portfolio 

Brand 
Microcontroller 

Portfolio 

NXP LPC2xxx Series 
MCUs 

Texas 
Instruments 

TM4C123x 
Series MCUs 

ST STM32 series 
Atmel SAM4E series 

 
The selection of this component was quite complicated 
because all brands have a huge microcontroller portfolio 
and handle a comparable price range. As all brands have 
microcontrollers with similar performance, characteristics 
and prices, the ST mark was selected because we had easy 
access to development kits of this brand. 
 
In the microcontroller portfolio of the STM32 family 
(Figure 17), the STM32F746ZGT6 microcontroller was 
selected because it is a high-performance microcontroller, 
it has many connectivity peripherals (SPI, I2C, UART, 
Ethernet), it has one of the larger flash memory size and 

number of pins (144) and the development board for this 
Nucleo type has this microcontroller build-in. 

 

 
Figure 17. STM32 Nucleo board portfolio [14] 

 
The STM32F746/756 lines offer the performance of the 
Cortex-M7 core (with floating point unit) running up to 
216 MHz while reaching similar lower static power 
consumption (Stop mode) versus the 
STM32F427/429/437/439 lines. 
 
The key features of this microcontroller are: 
 
• Performance: At 216 MHz fCPU, the 

STM32F746/756 lines deliver 1082 CoreMark /462 
DMIPS performance executing from Flash memory, 
with 0-wait states thanks to ST’s ART Accelerator. 
The DSP instructions and the floating-point unit 
enlarge the range of addressable applications. 
External memory can be used with no performance 
penalty thanks to the L1 cache (I/D 4 Kbytes + 4 
Kbytes) [14]. 

 
• Power efficiency: ST’s 90 nm process, ART 

Accelerator and dynamic power scaling enables the 
power consumption in Run mode and executing 
from Flash memory to be at 7 CoreMark / mW at 1.8 
V. In Stop mode, power consumption is typically 
100 µA [14]. 

 
• Graphics: The new LCD-TFT controller interface 

with dual-layer support takes advantage of the 
Chrom‑ ART Accelerator™. This graphics 
accelerator creates content twice as fast as the core 
alone. As well as efficient 2-D raw data copy, 
additional functions are supported by the Chrom-
ART Accelerator such as image format conversion 
or image blending (image mixing with some 
transparency). As a result, the Chrom-ART 
Accelerator boosts graphics content creation and 
saves the processing bandwidth of the MCU core for 
the rest of the application [14]. 

 
Test of sensors 

The manufacturer of the selected sensor (Maxim Integrated) 
performed laboratory tests to validate the correct operation of 
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its sensor comparing it with a commercial sensor. They made 
a sedentary test and a moving test. Figure 18 and Figure 19 
show how the MAXREFDES117 calculated heart rate 
compared to the Polar H7 chest strap.  
 
The data in Figure 18 were taken while the person was sitting 
still for 20 minutes and the result was that over 99% of the 
MAXREFDES117# heart heart-rate data are less than 5 
beats/min delta from the Polar H7 chest strap. The data in 
Figure 19 were taken while the person was walking at a normal 
speed for 20 minutes and shows that over 92% of the 
MAXREFDES117# heart- rate data are less than 10 beats/min 
delta from the Polar H7 chest strap. 
 

 
Figure 18. Sedentary test - MAXREFDES117# Vs Polar H7 

[9] 
 

 
Figure 19. Moving test - MAXREFDES117# Vs Polar H7 

[9] 
 
To validate the correct performance of the sensor, a basic 
program was made that would connect with the sensor and 
send the data obtained by the serial port to the computer. In the 
computer through a HyperTerminal the data sent by the sensor 
were observed. In Figure 20 you can see the results obtained. 
 
GPS Module Testing 

Through a serial connection between the computer and the 
module, the basic AT configuration commands of the GPS 
were tested. The results obtained can be observed in Figure 21. 

 
Figure 20. PPG performance test. 

 

 
Figure 21. GPS performance test. 

 
GPRS Module Testing 

Like the GPS module, the GPRS module is tested by the same 
serial connection. The results obtained can be seen in Figure 
22. 

 
Figure 22. GPRS performance test. 
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Test of the development kit “Nucleo-144 STM32F746ZG” 

As mentioned in the previous section the selected 
microcontroller was the STM32f746ZGT6 from the 
STMicroelectronics manufacturer. It has been acquired the 
Nucleo-144 STM32f746ZG development board to speed up 
the learning process of this microcontroller and to facilitate the 
use of the different peripherals a board that could be directly 
connected to the two 70-pin connectors was designed. In figure 
23 could be seen the CAD design made in the EAGLE 
software (v 8.2), this design was realized in two layers with 
through-hole. 

 
Figure 23. Test Board design CAD. 

 
This design was sent to be fabricated and subsequently the 
necessary components were soldered to make several tests. 
Although it was not going to be used all the functionalities of 
the microcontroller in this project, it was decided to design this 
board to test most of available peripherals. GPIO were tested 
by a set of four 7-segment display and a LCD, for testing serial 
communications Bluetooth and Zigbee modules were used, the 
I2C and SPI protocols were tested through different sensors. 
In Figure 24, the board assembled to the development kit could 
be observe. 
 

 
Figure 24. Test Board connected to the development kit. 

 

Programming the microcontroller 

After having the hardware to test the development board, the 
next step is to make the firmware for the microcontroller. For 
this, must be performed the flow diagrams for the different 
files.  
 
In Figure 25 you can see the flow chart of the main program, 
in the first part the configuration of the different peripherals 
and modules to be used is done: GPIO (general purpose 
input/output), asynchronous serial module, I2C module, 
internal timing modules, and in the second part is performed 
the GPS and GPRS modules configuration. 
 
In the GPIO configuration were programmed 3 pins as output. 
One to do a heartbeat to know if the microcontroller is working 
properly, the second one alerts when the microcontroller has 
received a NMEA frame from the GPS module or a GPRS 
message from the communication module and the third one 
alerts when some data is received from de photo-
plethysmography (PPG) sensor (HR and SPO2). 
 
Then were configured two different asynchronous serial 
peripheral. The first one is used to enhance bi-directional 
communication with the GPS/GPRS module and is configured 
at a 9600bps speed, 8 bits, 1 start bit,1 stop bit and no parity. 
The second one is used to receive data from the photo-
plethysmography (PPG) sensor and is configured at a 
115200bps, 8 bits, 1 start bit,1 stop bit and no parity. 
 
The GPS configuration (turn on) is made through the AT 
command: “AT+CGPSPWR=1”, then the module will answer 
with “OK” 
 
To configure the GPRS module needs to send the following 
commands: 
• AT+CSTT="internet.movistar.com.co", this command 

configures the APN of the SIM CARD provider (in this 
case is used Movistar) 

• AT+CIICR, to bring up wireless connection (GPRS) 
• AT+CIFSR, to get local IP address 
• AT+CIPSTART="TCP, <IP>, <port >" to start up the 

connection, the module needs to answer with 
"CONNECT OK" if the TCP connection has been 
established successfully 

 
After that, a timer interrupt is configured to perform every 1 
second a request to the GPS module. This request is done with 
the AT command "AT+CGPSINF=2". The GPS module 
answers with a NMEA frame that have the following data: 
UTC time, latitude and longitude. Also on this interrupt is send 
a message to the server using the AT command: 
“AT+CIPSEND”, the message use the APN to achieve the IP 
address previously configured. The frame sent has the form 
showed on the Figure 26. 
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Figure 25. Main program flow chart 

 

 

 

 
Figure 26. Data Frame Structure. 

 
In the Figure 27, you can see a frame sent to the server. 
 

 
Figure 27. Example of a Data Frame. 

 
To send the frame must be sent to the modem a CTRL+Z 
(0x1A) command. If the remote server receives the data 
successfully, the module will send a “SEND OK” throughout 
the serial connection. 
 
Server Development 

Once the frames are sent with the GPRS module, a web service 
was developed to receive these frames and store them. 
 
The tool selected was Microsoft Azure, this tool is a growing 
collection of integrated cloud services that allows you to 
create, deploy and manage web applications across a global 
network of data centers 
 
In Figure 28 you can see the flow diagram of the different 
activities that the web application performs. 
 
On the other hand, the user should be able to see the history of 
the data. To accomplish this every data the server receives 
must be stored in a database. Then by means of a button of the 
graphical interface the user can select a range of dates and see 
all the historical data available for this time range. The selected 
database manager is MongoDB, an agile database that allows 
you to quickly change when applications evolve quickly. 
 
MongoDB provides scalability, performance and high 
availability, ranging from a single server to large complex 
multi-center architectures. MongoDB provides high 
performance for both reading and writing, enhancing in-
memory computing. This tool has high automatic fault 
tolerance offering enterprise-level reliability and operational 
flexibility. 
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Figure 28. Web application flow chart. 

 
ANALYSIS AND RESULTS 

This section describes the results obtained implementing the 
system proposed in section IV. The final PCB prototype 
manufacture is shown then the results of the web service are 
shown and finally the heart rate and oxygen saturation 
monitoring is shown with the historical data query and the 
location of the monitored patient. 
 
Prototype 

With the firmware of the microcontroller finished, we 
proceeded to design a specific PCB for this project. This board 
should have only the microcontroller, the electronic 
components to ensure its proper operation (stability capacitors, 
voltage regulators) and the terminals to connect the GPS / 
GPRS modules, the HR sensors and the accelerometer 
 
This board was designed with two layers with true-hole 
technology using the EAGLE Cad-Soft software. In Figure 29 
the design realized in Eagle could be observed. 
 
This board should have the smallest possible size, the 
dimensions of the board of the GPS / GPRS module are used 
as a design guideline: 4.4cm x 4.06cm. In Figure 30 you can 
see the result of the board with all the electronic components 
assembled. 
 

 
Figure 29. End version design CAD. 

 

 
Figure 30. End version Board. 

 
The next step was to design the prototype case. Were used the 
3D design software called SolidWorks. Were design a box 
with a cross section that divides the structure into two parts to 
be able to close the box with tabs and avoid the use of screws. 
Figure 31 shows the final design in the user interface of the 
application. 
 

 
Figure 31. 3D Render of the Prototype Case 

 
Through the tools that have the design software, the necessary 
files were generated to make the casing with a 3D printer. A 
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highly impact resistant polymer called ABS (Acrylonitrile 
Butadiene Styrene) was used to perform the impression of the 
case, in Figure 32 the result can be observed. 
 

 
Figure 32. Prototype case made by a 3D printer 

 
With all the components ready, proceed to assemble the final 
prototype by incorporating the PCB of the GPS / GPRS 
modules and the microcontroller board into the housing. In 
Figure 33 you can see the GPS / GPRS module inside the case, 
in Figure 34 you can see the two boards and in the Figure 35 
could be seen the fully assembled prototype with the battery 
and the GPS and GSM antennas. 
 

 
Figure 33. GPS/GPRS modules inside the case. 

 

 
Figure 34. Microcontroller board inside the case. 

 

 
Figure 35. Fully assembled prototype 

 
Web interface 

For the reception and processing of the data, a web service was 
designed using the Microsoft Azure tool. This tool was 
selected for its versatility and scalability in both software and 
hardware resources. 
 
 The first function performed by the web service is to 
recognize if the information it receives is valid and 
corresponds to any of the devices, if the frame is not valid, 
discard it and if it is valid, proceed to divide it according to the 
fields described in Figure 26. It then stores each of these data 
in a database and updates the Web interface (Figure 36). 
 

 
Figure 36. Web Interface 

http://servertrackerl.northeurope.cloudapp.azure.com:8087/ 
 
Figure 37 shows the web interface design in detail, this 
interface has the following elements: 
1. Drop-down list to select the patient (for example if you 

have several members of the same family). 
2. Button to display a menu and select a range of dates in 

which you want to retrieve patient information 
(geographic position, HR, Spo2 and stress or fall alerts) 

3. A map of Google Maps with the geographic position of 
the patient. 

4. Numeric indicator with patient's Spo2 level 
5. Numerical indicator of the cardiac pulse of the patient 
6. Red visual indicator for stress alerts 
7. Green visual indicator for fall alerts. 
 

http://servertrackerl.northeurope.cloudapp.azure.com:8087/
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Figure 37. Web interface (detailed view). 

 
Patient historical data 

If the user wishes to consult historical data of the patient being 
monitored, he must click on the historical button (Figure 37), 
and then the web service will display an image like the one 
shown in Figure 38. In this menu, the user will be able to select 
the interval of time to consult: time and date of beginning and 
time and date of end of the query of data. Once the range has 
been selected, click on the accept button and the system will 
generate a Microsoft Excel extension file (.xlsx) with the 
requested information. 
 

 
Figure 38. Date range selection and download historical data 
 
BUSINESS MODEL 

This section describes the costs associated with the 
development of the project, evaluates its financial feasibility 
and details the business model with which it will be taken to 
the market. 
 
Project Costs 

The costs of the system were divided into two:  
• Development costs that include research hours, the cost of 

the materials needed to carry out the development of the 
prototype, and  

• the costs of manufacturing a unit, i.e. the costs incurred to 
make a device and keep it reporting to the web platform. 

 
Table 5 shows the costs (in dollars) and the description of the 
elements used. Table 6 details the costs of manufacturing a 
unit, the final value of this table is very important, since it is 
the basic input to make the projections of the expected cash 
flow that would make the project profitable. 
 
Financial projections 

With the total cost of making a unit, the market cost of the 
device was calculated, including a 10% gain. It is proposed a 
monthly payment of 10 dollars with which the user has 
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unlimited access to the web service and to make historical data 
queries. Table 7 shows the summary of the values mentioned 
above and shows the value of the monthly payment that will 
be charged to the customer (under the one-year contract 
modality). 
 
With these costs, an expected cash flow was projected to 
estimate the net present value of the project and the internal 
rate of return. These two indicators are essential when 
presenting the project to potential investors or to determine the 
profitability of the same and give feasibility or not to the 
project. The projected cash flow and the basic financial 
indicators can be seen in Figure 39. 
 

Table 5. Project Costs. 

 

 
 
 

Table 6. Manufacturing unit costs. 

 
 

Table 7. Device market prices. 

 
 
Feasibility and risk of the project 

Several Monte Carlo simulations were performed using the 
Cristal Ball tool. These simulations allow to model different 
risk scenarios and give the investor a broad view of the 
feasibility and risk level of the project. 
 
Figure 40 shows the results of the simulations. The net present 
value and the internal rate of return were calculated as a 
function of the sales variation (a uniform distribution was used 
to model the variation in sales). 
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Figure 40.  Monte Carlo Simulations 

 
Business Model 

Once the financial feasibility of the project was validated, a 
business model was implemented using the CANVAS 
methodology. The elements presented by this methodology 
applied to this project are described following: 
 
1. Value proposition 
2. Customer Relationship 
3. Channels 
4. Customer segments 

5. Key Activities 
6. Key Resources 
7. Key Partners 
8. Revenue Streams 
9. Cost Structure 
 
CONCLUSION 

Factors such as electrical consumption, adaptability, number 
of peripherals, size and price of the different parts of the 
project should be weighed and evaluated appropriately to 
make a successful selection of components and be able to 
guarantee the scalability and robustness of the final product. 
 
Many tests must be carried out to determine with certainty the 
degree of availability that can be offered to the final customer. 
These tests must be performed in different scenarios and for 
extended periods to validate the correct functioning of the 
system and its components. These tests guarantee the 
robustness of the device and offer a quality product to the 
customer. 
 
In addition to performing validations of operation and 
robustness of the system, it is necessary to carry out a 

 

 

 
Figure 39. Projected cash flow and basic financial indicators 
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feasibility analysis of the project, which includes making 
financial projections, generating basic financial indicators, 
assessing the level of risk, and adequately structure the 
business model. 
 
This project in addition to a research and academic purpose is 
intended to strengthen the connection between academia and 
industry. Most academic projects end in a written document, it 
is desired to transcend this paradigm, to commercialize, to 
generate an economic income and a profitable project starting 
from an idea that had its beginning in an academic context. 
 
FUTURE WORK 

This project is the basis for many applications. As a first 
improvement, it is suggested to add more sensors that allow to 
generate more functions and thus give the customer a higher 
added value. 
 
It is proposed to add online processing through algorithms 
implemented in the web service, which would give the system 
an analytical and artificial intelligence capability that would 
allow it to make decisions to generate a better service for the 
end user. 
 
A more challenging improvement is to venture into the field of 
nanotechnology to reduce the size of the prototype and 
improve its performance. 
 
Finally, it is suggested to use this platform of remote 
transmission of data for other applications, as for example 
tracking of people and in general the tracking of any assets that 
are wanted to monitor. 
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