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Abstract. This article proposes a control of lighting and electrical loads, suitable for smart 
homes, using embedded systems with low-cost wireless communication modules. The system 
is based on a distributed intelligent home automation architecture, to work autonomously or 
interconnect wirelessly to a larger system. It has a set of sensors that allow you to ration the use 
of electricity through automatic switching off the lights or electrical devices, allowing the 
lighting to be regulated. It has several modules that communicate to a central node wirelessly, 
and an interface based on a mobile application. UML and Petri Nets were used for the projection, 
modelling and validation of the system, its implementation was developed in C / C ++ language 
for 32-bit microcontrollers. Tests of the prototype showed stable behavior, fast communications 
and sufficient coverage for a single-family house, whose performance is higher to other similar 
works found in the scientific community. 
 
 

1.  Introduction 
Home automation integrates a wide variety of fields and technologies related to automation, 

computer science and new communication technologies, with the aim of improving comfort, safety and 
energy savings in homes [1, 2]. There are still many challenges pending in the design of smart homes 
so that they satisfactorily meet their objectives, among these we could mention the integrated increase 
of home automation and security [2, 3], the reduction of energy consumption [4-7], monitoring of 
various health parameters [8], as well as caring for people [9].  

The heterogeneity of equipment and diversity of technologies associated with home automation 
generate incompatibility between equipment and the formation of technological islands in the home 
[10, 11], preventing an adequate integration of the subsystems, which brings about a slowdown in 
development and generalization of home automation systems [12, 13]. Energy management is one of 
the integrated functions, which in addition to optimizing electrical energy consumption [14, 15], 
contributes to saving other household resources in order to make home automation user-friendly [16].  

In the present work we propose the design of a wireless prototype oriented to the control of lighting 
and intelligent loads, based on 32-bit microcontrollers and low-cost devices, which constitutes part of 
a larger system, proposed by [17, 18]. The system is aimed at the control and regulation of lighting and 
the control of electrical loads in a home, for which three smart modules have been developed wirelessly 
interconnected. One of the modules has the master function and is called the master node (MN), while 
the remaining two modules take care of the lighting control and load control functions, and are called 
the control nodes (CN). Both control nodes are connected to the MN wirelessly. Furthermore, a 
dimmable led lamp, a socket, a remote control and a smartphone interface have been integrated into the 
system, as can be seen in figure 1. 
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For the projection and design of the prototype, the Unified Modeling Language has been used and 
for the simulation, verification and validation, the Petri nets. In the implementation of the system, the 
C / C ++ language of the Keil development platform was used[19]. 
 
2. Analysis of the lighting and charging control system 

This section describes the elements, characteristics and functions that are part of the system, both 
software and hardware, and that are the basis for starting the projection and design of the prototype.  

 
2.1. Description 

The general operation begins with the energization of the devices that are part of the prototype. All 
nodes start their own script and load configuration instructions, after which the MN starts to recognize 
the different nodes, including the interface with the smartphone. The MN keeps waiting for the 
commands coming from the different devices of the system: User interface (smartphone), remote 
control, lighting CN and the load CN. Each of the commands received by the master node is associated 
with a specific algorithm to execute the required operations. The MN has a microcontroller with greater 
resources and processing capacity than the CNs, so the MN will execute the algorithms with the highest 
processing requirements. The flow chart in Figure 2 shows the sequence of operations. 
 

 
 
 
 

 
 
 
 
 
 

            
Figure 1. General structure of the prototype                      Figure 2. General Flowchart  
 
2.2. Characteristics 
The home automation prototype is composed of the elements shown in Table 1.  
 

Table 1. Elements of the home automation prototype 
Order Hardware Specification 

1 Microcontroller (MN) STM32F103C8T6 
2 Microcontroller (CN) STM32F030F4 
3 Módulo de RF NRF24L01 2.4 Ghz 
4 Módulo Bluetooth HC-05 
5 Infrared receiver IRM-2638 38Khz 
6 Light Sensor BH1750 
7 Solid State Relay SSR SSR-25DA 
8 Current Sensor ACS7210 
9 LED lamp 18 watt – 4500 – 6700 K 

 
2.3 Functional Requierments  

The design of the home automation device has been projected to fulfill specific functions that are 
aimed at solving the problems that exist around home automation systems, especially the formation of 
isolated systems or technological islands. The functional requirements implemented in the system were 
the following: 

1. Supervision of the system through the MN: it maintains the values of the variables in the 
programmed ranges, executing complex algorithms and reporting system activity. 
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2. Monitoring of the voltage, current and lighting variables: it is carried out through the sensors 
arranged in each of the control modules. 

3. Control of the intelligent LED lamp modes (on, off) and intensity regulation: it is carried out based 
on the sensor values and pre-established parameters. 

4. Smart AC electrical load on and off control: carried out based on the sensor values and pre-
established parameters. 

5. Remote control function of LED lamp and outlet via infrared communication. 
6. Remote control function via smartphone for LED lamp and outlet. 
7. Communication with other parent nodes of a wireless sensor network [21].  

 
2.4 Home Automation Prototype Architecture 

A hierarchical distributed architecture has been proposed for the home automation subsystem, 
which, although it is part of a larger system, whose architecture is hybrid distributed, combines both 
hierarchical and heterarchical characteristics [18]. The architecture in this proposal is considered 
distributed because all the devices are intelligent and to a certain extent autonomous, which makes it 
possible to compare the MN with an intelligent agent and the CNs with a pseudo-agent, similar to a 
multi-agent system [21]. The upper part of the architecture shown in figure 3 is the global network of 
the system or higher level of the home automation network, which can be connected to a residential 
gateway for internet connection. The supervision and command level have the highest hierarchy of the 
control and lighting system, which has access, through a wireless communication system, to the control 
level, which is in charge of the controlled devices. 

 

 
Figure 3. Home Automation Prototype’s Architecture 

 
2.5 Master Node’s Architecture 

The MN has as its central element a STM32F103C8T6 microcontroller that works with a voltage of 
2.0 to 3.6 V, at a processing speed of 90 MIPS and has multiple internal resources and I / O ports for 
its operation. In addition, it has the low-cost NRF24L01 transceiver to communicate wirelessly with the 
CNs and an HC-05 bluetooth module that serves as an interface with the smartphone. It also has multiple 
I / O pins, digital and analog to allow the input or output of other devices. Figure 4 shows the distribution 
of this architecture. 

 
2.6 Control Node’s Architecture 

The central element of the CN is the 32-bit STM32F030P4 microcontroller, which is powered with 
a voltage of 2.0 to 3.6 V and an 8 MHz crystal that provides a processing speed of up to 48 MIPS. It 
has a power interface with components according to the requirements of the actuator (led lamp: 
transistor TIP122; Outlet: SSR-25 DA) and the sensors that are in charge of transmitting the changes in 
the actuator variables. For communication with the MN there is a NRF24L01 transceiver and an IR 
module to detect the commands of a remote control; Figure 5 shows the architecture of the control 
nodes. 
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         Figure 4. Master Node’s Architecture    Figure 5. Control Node’s Architecture 

 
3 General System UML-PN Modeling 

In the previous section, the analysis of the proposed system has been developed and the 
characteristics, functions, and architectures of the system have been specified, thereby defining the 
hardware model of the system. From this result, the modeling of the system begins using UML (Unified 
Modeling Language) and PN (Petri Nets) [19]. With UML, the interaction of operations and tasks that 
allow the device to comply with the specifications and functions already defined in section 2.3 are 
systematically defined. PNs allow, based on UML modeling, to verify and validate the system, 
analyzing compliance with the PN properties. 
 
3.1 Use Case Diagram 

The use case diagram of the proposed system consists of 4 actors and six use cases, as can be seen 
in figure 6. The variable monitoring use cases are of type include, since they are execution Mandatory 
from system monitoring. The actors have been determined from the description of the system provided 
in section 2.1. The use cases have been derived from the functions of the system analyzed in section 
2.3. The Remote Control and Smart Phone actors represent the user or technician who operates the 
system. 

 
Figure 6. General Case of Use Diagram 

3.2 Sequence Diagram 
The sequence diagram of the system is shown in Figure 7, which has been developed from five 

objects that represent each of the components of the devices. The sequence starts in the MN, which is 
in charge of synchronizing the system processes. Each of the nodes is an autonomous device, which is 
why the exchange of messages is to carry orders or commands between the devices. The MN is in 
charge of initiating the dialogues and is awaiting the actions or requests that are notified to it through 
the wireless channels, to process the requirements and keep the system updated, according to the 
configurations generated by the user through the smart phone or the remote control. 
 
3.3 States Diagram 

The state diagram is used to define the set of system states in response to the events generated, 
which allows establishing the static behavior of the system. Figure 8 shows the state diagram developed 
for the system based on its use, sequence and behavior in the face of the different events that are 
generated due to the interaction of the MN with the other devices associated with the system. 
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Figure 7. System sequence diagram 

 
Figure 8. System state diagram 

 
3.4 Petri Net 
The Petri net (PN) of the proposed system has been elaborated from the UML modeling, with which 
the requirements of the device and its static behavior were defined. The PNs allow to describe the 
concurrent, sequential and synchronized events of the system [20], characteristics that the proposed 
model has and whose mathematical representation allows to validate the functionality of the system. 

 
Figure 9. General Petri Net  

Based on the PN of the system, an analysis is carried out to know the invariants of the system, the 
resulting equation of the general system and the behavior of the marks together with the transitions. 
Tables 2 and 3 show the results of the invariants of the places and the transitions. 

The equation shows the PN that mathematically represents the general behavior of the system. 
 

M(P0) + M(P1) + M(P11) + M(P12) + M(P13) + M(P14) + M(P15) + M(P2) + M(P3) + M(P4) + M(P5) 
+ M(P6) = 1                                                                                (1) 
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Based on this equation, it is determined that the PN works correctly, because only one brand passes 
through all the places at a time, which is the ideal in the system, and it is not appreciated that there are 
conflicts in the system. Possible conflicts between devices can be detected from the UML diagrams and 
corroborated with the PN analysis. Only if orders are sent from the different devices that the system 
has, will the sub-states take place where the actions requested by the intelligent module are carried out 
to meet user requirements. 

 
       Table 2. T- Invariants                     Table 3. P- Invariants  

Transitions Range  
(0-1) 

 Places Range  
(0-1) 

0 
1 

1 
1 

 0 
1 

1 
1 

2 1  2 1 
3 1  3 1 
4 1  4 1 
5 1  5 1 
6 1  6 1 
7 0  7 0 
8 0  8 0 
9 0  9 0 
10 
11 
12 
13 
14 
15 

0 
0 
0 
0 
0 
1 

 10 
11 
12 
13 
14 
15 

0 
1 
1 
1 
1 
1 

 
4. Experimental Tests  

Once the system has been modeled, is implemented using the STM32F103C8T6 (MN) and 
STM32F030P4 (Lighting and Charging CN) microcontrollers, and using the C / C ++ language on the 
Keil development platform. Figures 10, 11 and 12 show the prototypes of the MN, load CN and the 
20W LED lamp controlled by the lighting CN. 

 
 
 
 
 
 
 
 
 
                
 

       Figure 10. Master node               Figure 11. Outlet node               Figure 12. 20W Lamp LED 
 

4.1 Infraed test 
For this test, the precision of sending commands from the remote control to the lighting CN is 

obtained. It is arranged to send commands to the CN and a 100 lighting of this have been registered as 
a how many have been received and executed correctly in the CN. Table 4 shows the values depending 
on the distance, where it can be seen that, for more than 5 m, the commands are received incorrectly 
and from 7 m they do not reach the receiver. These limitations are specific to this communication, 
although reception distances can be improved by increasing the cost of the device. 
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4.2. Radiofrequency Test
 The radio frequency test is based on the precision of the communications between the devices 
considering the distance between them [21]. Since the device is designed for a home automation
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environment, it has been considered a block wall that separates the devices, and the physical distance 
between them. In a computer, through an interface with the MN, the values shown in table 5 have been 
recorded, obtained with the NRF24L01 module, in which it can be seen that communication is very 
good up to 8 meters, and that at from 10 meters onwards, transmission errors begin to increase, 
considerably after 12 meters. 
 

  
        

     
        

         
       
     

      Table 4. IR Communication          Table 5. RF Communication       Table 6. BT Communication 
Distance 

[m] 
Accuracy 

[%] 
 Distance 

[m] 
Accuracy 

[%] 
 Distance 

[m] 
Accuracy 

[%] 
1 100  1 100  1 100 
2 100  2 100  2 100 
3 100  3 100  3 100 
4 100  4 100  4 100 
5 32  5 100  5 95 
6 14  6 95  6 83 
7 0  8 92  8 80 
8 0  10 71  10 71 
9 0  12 55  12 51 
10 0  15 35  15 28 

 
5. Conclusions 
In this research work, a set of wirelessly communicated smart devices has been proposed that have been 
oriented to use in home automation systems. This proposal aims to control lighting and control electrical 
loads powered by alternating current (AC). Low-cost components such as microcontrollers, 
transceivers, sensors and actuators have been used for its implementation. In its design, a new 
methodology based on UML-PN has been proposed for the projection and validation of the system; 
This methodology has allowed to implement the design of an intelligent device based on fully functional 
wireless communications. UML has been used to systematically project and design the entire 
development process, specifying the internal details of the system, including the interaction between 
devices. The PN, in addition to allowing the verification and validation of the system, has served to 
simulate the system and determine the dynamic behavior, detecting early, through the properties of the 
Petri net, problems of concurrency, sequentially and synchronism. The use of 32-bit microcontrollers, 
added to the C / C ++ programming language, provide a very solid and efficient tool for the 
implementation of microprocessor-based systems, whose code writing process is complemented by the 
modeling and simulation of the UML methodology. -PN. 

The developed application constitutes a product of the proposed methodology and constitutes a 
subsystem that is part of a comprehensive home automation system, which corresponds to the energy 
saving function. The proposed model is aimed at reducing isolated home automation elements, very 
common in current home automation proposals. 
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