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Abstract Recently, wireless sensor networks (WSNs) have been widely studied. They use the packets re-

transmission in order to save energy of the nodes and guarantee the packets delivery to the desti-

nation. WSNs can be one of the few technically viable solutions in locations without available 

telecommunications infrastructure. However, in urban environments, WSNs can be an alternative 

to avoid dependence on cellular networks for information sending. This article describes an em-

bedded system with an ARM Cortex-M0+ based microcontroller, which incorporates two RF 

transceiver modules, based on the 433 MHz and 2.4 GHz ISM bands. The device was designed to 

behave as a node in a wireless sensor network. It communicates with the other nodes through 

these wireless technologies. In deciding the technology to be used to transmit data packets, an 

adapted algorithm was tested that operates strongly in the disposal of unnecessary retransmis-

sions. Depending on the environmental, system and network conditions, the wireless technology 

to be used is selected and the information is retransmitted between the nodes always with two 

goals: to ensure the delivery of packets and to minimize power consumption. 
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1 Introduction 

A wireless sensor network consists of a set of nodes 

capable of transmitting information via wireless commu-

nication links. It uses packet retransmission to save energy 

of the nodes and guarantee delivery of packets to the des-

tination. One of WSN application areas occurs, in impera-

tive or temporary occasion, when the fixed communica-

tions networks facilities are damaged or unavailable. 

Therefore, the WSN is indicated for not relying on any 

fixed network installation and its rapid self-organization 

characteristic [1]. 

One possible application for wireless sensor networks 

is on sale services with electronic points that have several 

sales outlets nearby and can function as repeaters. Thus, its 

activities would be independent or less dependent on cel-

lular networks. Those companies that depend on the cellu-

lar network to carry out their commercial activities could 

use WSNs to reduce operating costs, conserve battery 

power of the transmitter equipments and have flexibility in 

transmission to ensure the delivery of information packets 

at the lowest cost and lowest delivery time possible.  

A WSN could be applied, for example, in an automated 

bicycle rental system that can be found in large Brazilian 

cities. Each bike station would be a node that would com-

municate with the other stations to get the desired infor-

mation to a server. Additionally it would be even possible 

to install electronic circuits of low power on the bicycles 

to use them as data retransmitter or even to share their GPS 

positions. 

Various WSNs have been implemented using only one 

communication band. The ISM (industrial, scientific and 

medical) frequency band  of 2.4 GHz has a large path loss 

per meter, higher consumption and low power of penetra-

tion in building materials and can be affected by weather, 

but has high data rate and uses smaller antennas. The ISM 

frequency band of 433 MHz has higher reception sensitiv-

ity, smaller path loss and lower consumption. However it 

is characterized by having low data rate, low quality hard-

ware available and antennas tend to be larger [2].  

To take advantage of the strengths and overcome limi-

tations, some applications already use more than one RF 

communication band in the embedded system. A. Kim et 

al. [3] propose to implement a hybrid WSN that uses wire-

less communication technology based on the 2.4 GHz 

band and 400 MHz band. The study investigates the dif-

ferences between two communication bands in the envi-

ronment of a building. The article suggests the use of bat-

tery powered nodes with portable sensors and with low 

data rate, using a star topology to communicate with the 

coordinator node on the band of 400 MHz. The mesh to-

pology is used for communication with a fast data rate be-

tween the coordinators nodes on the 2.4 GHz band. 

This paper proposes an embedded system able to be-

have as a node of a WSN based on two technologies that 

use different RF ISM bands. Power usage determines the 

longevity and it influences the practical decisions of a sen-

sor network, so the network nodes must have low power 

consumption. The transmission of information in sensor 

nodes spends more energy than the algorithms and calcu-

lations by the microcontroller [4]. So, in an attempt to re-

duce power consumption, first the node sends the data 

through the 433MHz RF module, which has shorter range 

but uses less power. If the node does not receive confirma-

tion that the message was retransmitted, the 2.4 GHz RF 

module is used to resend the data. To ensure the delivery 

of packets to the base station and reduce unnecessary re-

transmissions an unified coordination-communication 

strategy protocol has been adapted and tested. [5]. 

The following sections of this article are organized as 

follows: Section 2 contains the hardware design of the em-

bedded system. Section 3 displays the firmware develop-

ment process and the tools used. Section 4 presents the im-

plementation of the communication protocol and the tests 

performed. Finally, Section 5 presents the conclusion of 

the article and it discusses future work.  

 

2 Hardware design 

The hardware and firmware designs were inspired by 

the Freescale Freedom development platform [6]. This 

platform meets our requirements to use microcontrollers 

with ARM architecture and provide examples of hardware 

designs. It also is free (open source), allowing the devel-

opment of the firmware with editing and compiling the 

project, recording the flash memory of the microcontroller 

and code debugging. 

The Freedom Platform boards use microcontrollers of 

the Kinetis family [7]. They have 32-bit architecture with 

ARM core (Cortex-M0+, Cortex-M4 and Cortex-M7) and 

high performance with low power consumption. Each 

board has an OpenSDA system [8], a serial and debug 

adapter, which is a bridge of communication between a 

USB host device and the target microcontroller. The hard-

ware design was developed in Altium Designer CAD tool 

[9]. 

2.1 Overview  

The main elements of embedded system are: power 

supply unit, microcontroller unit, RF transceivers units and 

micro SD memory card. The system design is represented 

in block diagrams with their interconnections in Figure 1. 
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Figure 1: Block diagrams of the system. 

2.2 Power supply unit  

The main device of the power management unit is the 

BQ24075RGTT IC[10], a single Li-Ion cell battery 

charger that has a dynamic power path management func-

tion. The schematic with the IC is shown in Figure 2. The 

dynamic power path management powers the system while 

simultaneously and independently charging the battery. 

This feature reduces the number of charge and discharge 

cycles on the battery, allows for proper charge termination 

and enables the system to run with a defective or absent 

battery pack. 

 

Figure 2: Circuit for charging Li-Ion battery and powering the system 

with the BQ24075RGTT IC. 

The 5 V input voltage of the component 

(USB_VREGIN) is provided by the USB interface. When 

it is connected to the USB interface, the output voltage of 

the component, VOUT, is 4.4 V. When the component is 

disconnected VOUT assumes the battery voltage value. 

VOUT is the input voltage of the 3.3 V linear regulator and 

the 5 V switching regulator. 

The component enables instant system turn-on when a 

USB power source is plugged in even with a totally dis-

charged battery. The power path management architecture 

also lets the battery supplement the system current require-

ments when the USB power source cannot deliver the peak 

system currents. 

The device respects the complex procedure to charge a 

Li-Ion battery. The process occurs in three phases: pre-

charge phase, fast charge phase with constant current and 

stabilization phase with constant voltage. Figure 3 shows 

the complete battery charge cycle. In the pre-charge phase, 

the battery is charged with the current value equal to 10% 

of the fast charge current. Once the battery voltage reaches 

3V, the battery will be charged with the constant current 

of fast charge. When the battery voltage reaches its final 

value of 4.2 V, it is loaded with this final voltage up to 

reach the full charge. 

 

Figure 3: Charge cycle for 3.7V Li-Ion battery managed by the 

BQ24075RGTT IC. 

There is also an internal control of the IC that monitors 

the temperature through a connection with a NTC thermis-

tor. If the temperature monitored is above or below of the 

range between 0 ° C and 50 ° C, the charging is suspended. 

The maximum battery charging time and the value of the 

fast charge current is programmable using external resis-

tors. The microcontroller determines the input current limit 

through a connection with the battery charger IC, using 2 

digital pins.  

To power the microcontroller [11], the 2.4 GHz RF unit 

[12], the micro SD card [13] and the LED RGB [14], the 

SPX3819M5-L-3-3/TR CI [15] was used, a 3.3 V linear 

regulator capable of supplying 500 mA of output current. 

To power the 433 MHz RF unit [16], the 

NCP1400ASN50T1G IC [17] was used, a step-up switch-

ing regulator, ensuring the voltage level of 5 V and a max-

imum current of 100 mA, even when the system is pow-

ered only by a 3.7 V Li-Ion battery. 

2.3 Microcontroller unit 

The parameters of the MKL25Z128VLK4 microcon-

troller relevant to the project are presented in Table 1. 

In addition to the microcontroller, the circuits of the 

unit are: SWD debug interface, reset circuit and the oscil-
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lator circuit, with a 8 MHz Crystal. The maximum fre-

quency of 48 MHz is used with the PLL aid of the micro-

controller.  

Parameter Description 

Core processor ARM® Cortex®-M0+ 

Core size 32-Bit 

Speed 48 MHz 

Conectivity 
I2C, LIN, SPI, UART/USART, 

USB OTG 

Peripherals 
Brown-out Detect/Reset, DMA, 

LVD, POR, PWM, WDT, RTC 

Number of I/O 66 

Program memory 128KB (128K x 8) FLASH 

RAM size 16K x 8 

Supply voltage 1,71 V ~ 3,6 V 

Data 

converters 
A/D 14x16b, D/A 1x12b 

Table 1: Parameters of the MKL25Z128VLK4 microcontroller. 

2.4 RF module units  

Both modules were selected for respecting the criteria 

of low cost (under R$ 10.00 for each RF module, exclud-

ing the value and the soldering process of the antenna), 

buying availability in the Brazilian market and vast educa-

tional materials available online. The RF modules are 

docked in connectors of the printed circuit board of the 

embedded system design. 

The 433 MHz RF unit is divided into 2 parts: the trans-

mitter (with size of 30mm x 12mm) and receiver (with size 

of 20mm x 20mm) modules shown in Figure 4. Because of 

their lower cost, quarter-wave helical antennas are used in 

both modules. The parameters of the modules are given in 

Table 2. 

 

Figure 4: 433 MHz receiver and transmitter modules. 

Resistors were used as a voltage divider to make the 

impedance matching between the receiver, MX-FS-03V 

model (powered with 5 V), and the microcontroller (pow-

ered with 3.3 V). The transmitter, MX-FS-03V model, is 

directly connected to the microcontroller as it is compati-

ble with 3.3 V. The microcontroller receives and sends in-

formation through two GPIO pins (one input and one out-

put pin). 

The modules of the 433MHz RF unit do not have sleep 

mode. The microcontroller must continuously monitor the 

connecting pin with the receiver module to know if a mes-

sage was received. To reduce power consumption, it is 

common to connect the transmitter module only when it is 

necessary to transmit information. 

Parameter Description 

Frequency 433 MHz 

Modulation ASK 

Data rate (max) 5 kbit/s 

Range (max) 200 m 

Current in receiver module 4 mA 

Receiver sensitivity - 105 dB 

Power in transmitter module 10 mW 

Supply voltage 3,5 V ~ 12 V 

Table 2: Parameters of the 433 MHz RF modules. 

The 2.4 GHz RF unit is formed by a board (with size 

of 40mm x 15mm) with the nRF24L01+ transceiver, from 

Nordic Semiconductor company, and external LNA an-

tenna with a gain of 2 dBi. This module parameters are 

presented in Table 3. 

The 2.4GHz RF module has sleep mode, important to 

reduce system power consumption. In order to receive 

messages it is necessary to be in receive mode. The IC has 

an interrupt pin that tells the microcontroller when a mes-

sage was received (useful feature when it is essential to put 

the microcontroller in power-saving mode). To transmit 

messages it is required to be in transmit mode. The micro-

controller must send commands to select the desired mode. 

It is only possible to assume one mode at a time. The com-

munication between the 2.4 GHz RF module and the mi-

crocontroller is performed via an SPI interface. 

Parameter Description 

Frequency 2,4 GHz 

Modulation GFSK 

Data rate (max) 2 Mbit/s 

Range (max) 1 km 

Current in transmit mode 145 mA 

Current in receive mode 45 mA 
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Current in sleep mode 4,3 uA 

Receiver sensitivity - 104 dBm 

Supply voltage 1,9 V ~ 3,6 V 

Table 3: Parameters of the 2.4 GHz RF module. 

 

Figure 5: 2.4 GHz module with the nRF24L01 transceiver. 

The nRF24L01+ IC uses the embedded baseband pro-

tocol engine (Enhanced ShockBurst [12]). This feature en-

ables automatic packet assembly, shipping confirmation 

and automatic message retransmission. Making possible 

the implementation of low power and high performance 

systems with low cost microcontrollers [4].  

2.5 Peripheral  

All messages received and sent by the system are rec-

orded in a txt log file, stored on a micro SD memory card. 

Details such as event time and which RF module was used 

are also recorded. The system also registers when there 

was a failure when sending a message. Communication be-

tween the micro SD card and the microcontroller is per-

formed via an SPI interface. 

The information stored on the micro SD card can be 

used to verify the efficiency of the chosen communication 

protocol and making future improvements possible. For a 

commercial application of the system, this feature can be 

turned off to save energy and reduce manufacturing costs. 

The USB interface is the main source of system power. 

In addition, there is the possibility of connecting the sys-

tem to a computer's USB port to view messages sent and 

received by the connected node in real-time. It is also pos-

sible to adjust the time of the connected node and send this 

information to synchronize the RTC peripheral of the mi-

crocontroller of the other nodes (via the RF modules). 

The system also has a status indicator (a RGB LED) 

and a connector (allowing external access to a SPI inter-

face, two UART interfaces, an I2C interface and a differ-

ential pair of the ADC module). Thus, the module can be 

connected to various sensors of different communication 

interfaces.  

2.6 Printed circuit board 

Three printed circuit boards with size of 50mm x 

50mm were produced. The lower face of a board is shown 

in Figure 6 and the top surface in Figure 7. 

 

Figure 6: Lower face of the board. 

 

Figure 7: Top face of the board. 

 

3 Firmware development process 

Freescale offers firmware support with the develop-

ment tool Kinetis Design Studio IDE [18]. The IDE is 

based on free, open source software including Eclipse, 

GNU Compiler Collection (GCC) and GNU Debugger 

(GDB). It enables editing, compiling and debugging with 

no code-size restrictions. It also has the Processor Expert 

plug-in [19], capable of creating the peripheral drivers of 

the microcontroller with a few mouse clicks. The project 

code was developed in the Kinetis platform with the C lan-

guage. The C language was chosen because it is a struc-

tured and portable language and generates compact code. 

The firmware code has been implemented with the sup-

port of the FreeRTOS real time operating system [20] to 

increase the control over the tasks performed by the micro-

controller. The embedded system executes functions in 

real time that complete within a certain critical time limit. 

An error could result in absolute failure of the system [21]. 

The FreeRTOS is designed to be small and simple (be-

tween 4K and 9K bytes). The core kernel is contained in 

only 3 C files. The operating system provides methods for 

multiple tasks (with different priorities), semaphores, and 

timers in software. There are 4 memory allocation options. 
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In addition, the platform is open source, provides one so-

lution for many different architectures and development 

tools and provides ample documentation. 

 

4 Implementation of the communica-

tion protocol and tests 

For the initial communication test, a network of sensors 

was assembled using three modules. The communication 

protocol for Unmanned Aerial Vehicles (UAVs) [5] was 

adopted with some modifications. 

In this experiment, the contents of the packets were re-

duced because the maximum size of the packet sent by the 

2.4 GHz RF module is 32 bytes. To keep the elements size, 

the message could be sent in 2 packets. 

The packets sent contain GPS coordinates, but the de-

veloped system does not have GPS module. The per-

formed test was made using simulated coordinates. 

Each node was modeled with one role: a transmitter 

node, a repeater node and a base node. The communication 

protocol has 4 types of packets. The transmitter node was 

modeled to send TYPE I and TYPE II packets, shown in 

Table 4 and Table 5 respectively. 

The TYPE I packet is sent to ask the status of the con-

nection with the base. The fields ID, Type and Source 

UAV N° together uniquely identify the packet. The packet 

also contains simulated GPS coordinates. 

ID Type Source 

UAV N° 

Retrans  

UAV N° 

Source 

UAV 

Lat 

Source 

UAV 

Long 

Retrans 

UAV Lat 

Retrans 

UAV 

Long 

6 

bits 

2 

bits 
8 bits 8 bits 

32 

bits 

32 

bits 
32 bits 32 bits 

Table 4: Type I packet format, it asks the status of the connection with 

the base. 

 Type II packet is sent to inform the base of a target de-

tection. The fields with simulated GPS coordinates of a 

target are added to the packet. 

ID Typ

e 

Sour

ce 

UAV 

N° 

Retra

ns  

UAV 

N° 

Sour

ce 

UAV 

Lat 

Sour

ce 

UAV 

Long 

Re-

tra

ns 

UAV 

Lat 

Re-

tra

ns 

UAV 

Lon

g 

Targ

et 

Lat 

Targ

et 

Long 

6 

bit

s 

2 

bit

s 

8 

bits 

8 

bits 

32 

bits 

32 

bits 

32 

bit

s 

32 

bit

s 

32 

bits 

32 

bits 

Table 5: Type II packet format, it informs target detection. 

The transmitter node sends TYPE I or TYPE II pack-

ets, every 5 seconds, as shown in Figure 8. The test cycle 

is started using the 433 MHz module. Several messages 

are sent altering the simulated GPS location of the trans-

mitter node. If the transmitter node does not receive the 

response from the base node in the time interval deter-

mined, it is considered disconnected from the network and 

adopts the 2.4 GHz module to send new message. 

 

Figure 8: Flowchart of the transmitter node behavior. 

The repeater node was modeled to only forward pack-

ets using the criteria of the flowchart shown in Figure 9 to 

decide whether to dispose or forward the packet. As the 

GPS coordinates are only simulated, the repeater node and 

the base node receive all the messages sent by the trans-

mitter node. So the messages that would be out of commu-

nication radius are ignored by software. The communica-

tion radius (RCOM) of 1 km is considered for the 2.4 GHz 

module and RCOM equal to 200 m is considered for the 

433 MHz module. 

The first time the packet is received, the repeater node 

stacks it. Then, the distance test is performed. If the dis-

tance is greater than RCOM / 2 (half the radius of commu-

nication), the repeater forwards the packet immediately. If 

the distance is less than RCOM / 2, the node starts a 2 sec-

onds counter. If a copy of the packet is received in this in-

terval, the packet is not transmitted, but kept on the stack. 

If it does not receive a copy, the packet is forwarded. When 

the packet is forwarded the fields of N° and GPS coordi-

nates from the repeater UAV are filled with the number 

that identifies the repeater node and its simulated GPS co-

ordinates. The message is sent in the same frequency band 

that it was originally received. 

 

Figure 9: Flowchart of the repeater node behavior. 

The base node was modeled sending TYPE III packet 

(Table 6), which is the response to the TYPE I packet, and 



Maia, M. C. Production of dual-band embedded system capable of 

Oliveira, S. C. behaving as a node in a wireless sensor network 

 

 7 

TYPE IV packet (Table 7), which is the response to the 

TYPE II packet. The message is always sent through the 

2.4 GHz module and we consider that the base has enough 

power to reach all other nodes. 

ID Type Source UAV N° Source UAV 

Lat 

Source UAV 

Long 

6 bits 2 bits 8 bits 32 bits 32 bits 

Table 6: Type III packet format, base response to the TYPE I packet. 

ID Type Source 

UAV N° 

Source 

UAV Lat 

Source 

UAV 

Long 

Target 

Lat 

Target 

Long 

6 

bits 

2 

bits 
8 bits 32 bits 32 bits 32 bits 32 bits 

Table 7: Type IV packet format, base response to the TYPE II packet. 

As described previously, all information sent and re-

ceived by a node are stored in the micro SD memory card 

with the time of the event and communication module 

used. When the node is connected to the computer, this in-

formation can be viewed in real time via a USB CDC con-

nection. 

In order to get a real-time visualization of network be-

havior the RGB LED was also used. When a node sends 

information through 433 MHz module, the LED emits the 

yellow color. When receiving the information of the 433 

MHz module, the LED emits the green color. The LED 

emits purple color when the node sends data through 2.4 

GHz module. The LED emits the blue color when the node 

receives data of the 2.4 GHz module. 

The experiment was filmed and can be viewed on the 

Internet [22]. 

 

5 Conclusion and future work 

This article has proposed an embedded system with a 

robust power supply unit, microcontroller, 2 RF transceiv-

ers in the ISM bands of 433 MHz and 2.4 GHz and the 

memory card. The system was used to create a WSN and 

test the protocol which ensures delivery of packets to the 

base station and reduces unnecessary retransmissions.  

The transmission tests between nodes of WSN have 

been successfully carried out in the 433 MHz band and in 

the  2.4 GHz band. We have recorded all the test data and 

it can be used for statistical analysis and future improve-

ments. 

We propose as future work: full implementation of the 

communication protocol; test the behavior of the network 

with the highest possible load; perform measure distance 

performance, power usage and packet delivery rate; add 

GPS module for actual location information. 

The last proposed step is to add a GSM modem. The 

modem is only to be used in extreme cases, when a node 

is out of reach, the data can be sent over the cellular net-

work.  

 

References 

[1] W. Liu, H. Chen, M. Chen. A Survey of Wireless 

Sensor Networks. Proceedings of Conference on 

Dependable Computing, páginas 305-307, No-

vembro 2010. 

[2] Myk. Dormer. Choice of frequency band can 

realy make a difference. Electronics World, Vol. 

114, edição 1866, páginas 16-18, Junho 2008. 

[3] A. Kim, J. Han, T. Yu, D. S. Kim. Hybrid wireless 

sensor network for building energy management 

systems based on the 2.4 GHz and 400 MHz 

bands. In Information Systems, Elsevier, páginas 

320-326, Março 2014. 

[4] S. S. Sonavane, V. Kumar, B. P. Patil. Designing 

wireless sensor network with low cost and low 

power. In 16th IEEE International Conference on 

Networks (ICON 2008), Dezembro 2008. 

[5] S. C. Oliveira, G. A. Duarte, H. B. da Cunha 

Júnior. Unified Coordination-Communication 

Strategy to Swarm Controlled Mobile Wireless 

Sensor Network. In IEEE Latim America Trans-

actions, VOL. 12, NO. 5, páginas 951-956, 

[6] Freescale Semiconductor, Inc. Freescale Freedom 

Development Boards. 

http://www.freescale.com/webapp/sps/site/overv

iew.jsp?code=FREDEVPLA , Julho 2015. 

[7] Freescale Semiconductor, Inc. Kinetis Low 

Power 32-bit Microcontroller (MCUs) based on 

ARM Cortex-M Cores. 

http://www.freescale.com/products/arm-

processors/kinetis-cortex-m:KINETIS , Julho 

2015. 

[8] Freescale Semiconductor, Inc. OpenSDA Serial 

and Debug Adapter. 

http://www.freescale.com/tools/embedded-

software-and-tools/run-time-software/kinetis-

software-and-tools/ides-for-kinetis-

mcus/opensda-serial-and-debug-

adapter:OPENSDA?code=OPENSDA&nodeId=

0152109D3F1E8C1EB4 , Julho 2015. 

[9] Altium Limited. Engineering innovation for PCB 

design. http://www.altium.com/ , Julho 2015. 

[10] Texas Instruments Incorporated. Datasheet do CI  

BQ24075RGTT. 

http://www.ti.com/lit/ds/symlink/bq24072.pdf , 

Julho 2015. 

[11] Freescale Semiconductor Incorporated. Datasheet 

do CI MKL25Z128VLK4. 

http://www.freescale.com/webapp/sps/site/overview.jsp?code=FREDEVPLA
http://www.freescale.com/webapp/sps/site/overview.jsp?code=FREDEVPLA
http://www.freescale.com/products/arm-processors/kinetis-cortex-m:KINETIS
http://www.freescale.com/products/arm-processors/kinetis-cortex-m:KINETIS
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/opensda-serial-and-debug-adapter:OPENSDA?code=OPENSDA&nodeId=0152109D3F1E8C1EB4
http://www.altium.com/
http://www.ti.com/lit/ds/symlink/bq24072.pdf


   

Maia, M. C.   

Oliveira, S. C.  

  

 

 8 

http://cache.freescale.com/files/32bit/doc/ref_ma

nual/KL25P80M48SF0RM.pdf , Julho 2015. 

[12] Nordic Semiconductor. Datasheet do módulo RF 

nRF24L01+ de 2,4 GHz. 

www.nordicsemi.com/eng/content/download/27

26/34069/file/nRF24L01P_Product_Specificatio

n_1_0.pdf , Julho 2015.  

[13] SanDisk Corporation. Manual do micro SD card. 

http://media.digikey.com/pdf/Data%20Sheets/M

-

Systems%20Inc%20PDFs/SD%20Card%20Prod

%20Family%20OEM%20Manual.pdf , Julho 

2015. 

[14] OSRAM Opto Semiconductors. Datasheet do 

LED RGB. http://www.osram-

os.com/Graphics/XPic2/00134734_0.pdf , Julho 

2015. 

[15] Exar Corporation. Datasheet do CI  SPX3819M5-

L-3-3/TR. 

http://www.exar.com/common/content/document

.ashx?id=615 , Julho 2015. 

[16] E-radionica . Datasheet dos módulos RF de 433 

MHz. http://e-

radionica.com/productdata/datasheet-

im120628014.pdf  , Julho 2015. 

[17] ON Semiconductor. Datasheet do CI 

NCP1400ASN50T1G. 

http://www.onsemi.com/pub_link/Collateral/NC

P1400A-D.PDF , Julho 2015. 

[18] Freescale Semiconductor Incorporated. Kinetis 

Design Studio Integrated Development Environ-

ment (IDE). 

http://www.freescale.com/tools/embedded-

software-and-tools/run-time-software/kinetis-

software-and-tools/ides-for-kinetis-mcus/kinetis-

design-studio-integrated-development-

environment-ide:KDS_IDE , Julho 2015. 

[19] Freescale Semiconductor Incorporated. Processor 

Expert Software – Integrated with CodeWarrior 

Tools. 

http://www.freescale.com/tools/embedded-

software-and-tools/software-development-

tools/processor-expert-and-embedded-

components/software-suites/processor-expert-

software-integrated-with-codewarrior-

tools:PROCESSOR-EXPERT , Julho 2015. 

[20] Real Time Engineers Ltd. FreeRTOS. 

http://www.freertos.org/ , Julho 2015. 

[21] FreeRTOS real time kernel. freeRTOS, 2009. 

[22] M. C. Maia. CESE. 

http://www.michellemaia.com/cese , Julho 2015. 

 

http://cache.freescale.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://cache.freescale.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nordicsemi.com/eng/content/download/2726/34069/file/nRF24L01P_Product_Specification_1_0.pdf
http://www.nordicsemi.com/eng/content/download/2726/34069/file/nRF24L01P_Product_Specification_1_0.pdf
http://www.nordicsemi.com/eng/content/download/2726/34069/file/nRF24L01P_Product_Specification_1_0.pdf
http://media.digikey.com/pdf/Data%20Sheets/M-Systems%20Inc%20PDFs/SD%20Card%20Prod%20Family%20OEM%20Manual.pdf
http://media.digikey.com/pdf/Data%20Sheets/M-Systems%20Inc%20PDFs/SD%20Card%20Prod%20Family%20OEM%20Manual.pdf
http://media.digikey.com/pdf/Data%20Sheets/M-Systems%20Inc%20PDFs/SD%20Card%20Prod%20Family%20OEM%20Manual.pdf
http://media.digikey.com/pdf/Data%20Sheets/M-Systems%20Inc%20PDFs/SD%20Card%20Prod%20Family%20OEM%20Manual.pdf
http://www.osram-os.com/Graphics/XPic2/00134734_0.pdf
http://www.osram-os.com/Graphics/XPic2/00134734_0.pdf
http://www.exar.com/common/content/document.ashx?id=615
http://www.exar.com/common/content/document.ashx?id=615
http://e-radionica.com/productdata/datasheet-im120628014.pdf
http://e-radionica.com/productdata/datasheet-im120628014.pdf
http://e-radionica.com/productdata/datasheet-im120628014.pdf
http://www.onsemi.com/pub_link/Collateral/NCP1400A-D.PDF
http://www.onsemi.com/pub_link/Collateral/NCP1400A-D.PDF
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/kinetis-design-studio-integrated-development-environment-ide:KDS_IDE
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/kinetis-design-studio-integrated-development-environment-ide:KDS_IDE
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/kinetis-design-studio-integrated-development-environment-ide:KDS_IDE
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/kinetis-design-studio-integrated-development-environment-ide:KDS_IDE
http://www.freescale.com/tools/embedded-software-and-tools/run-time-software/kinetis-software-and-tools/ides-for-kinetis-mcus/kinetis-design-studio-integrated-development-environment-ide:KDS_IDE
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freescale.com/tools/embedded-software-and-tools/software-development-tools/processor-expert-and-embedded-components/software-suites/processor-expert-software-integrated-with-codewarrior-tools:PROCESSOR-EXPERT
http://www.freertos.org/
http://www.michellemaia.com/cese

