
                              VOL. 14, NO. 13, JULY 2019                                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      2412 

SLEEP STATE DETECTOR SYSTEM FOR DOMOTIC CONTROL 

WITH Z-WAVE TECHNOLOGY 

 
Camilo Cerquera, William Rodriguez and Luis Pedraza 

Telecommunications Engineering, Universidad Distrital Francisco José de Caldas, Bogota-Colombia 
E-Mail: caacerqueras@correo.udistrital.edu.co  

 
ABSTRACT 

In the following document, we realize the development and evaluation of a device capable of identifying the 
dream state of a person for the control of a home automation system. This takes advantage of the user's breathing time 
lapses to achieve the detection of the sleep state and is integrated into a system arranged for the application of the domotic 
control in a place. It is evidenced through an analysis of the electricity in a house as the implementation of the system 
generates significant savings and how its application would improve the quality of the user's sleep. With the proposed 
design an optimal response is observed in the detection stage, where the measurements of the quality of service (QoS) 
parameters indicate its correct operation. 
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INTRODUCTION 

In recent years it has been evidenced a 
demographic growth associated with an increase in the 
quality of life and a progressive industrialization, which is 
proportional to the increase in the electric consumption 
that generates higher emissions of greenhouse effect gases 
with great repercussions on the environment; for this 
reason, it´s necessary to opt for clean energies and 
promote savings and energy efficiency. One of the 
mechanisms to reduce electricity consumption is to 
analyze the time lapses in which people waste energy; A 
considerable expense is located in the hours of sleep where 
no electrical or electronic device should work unless it is 
vital. 

Systems dedicated to energy efficiency in the 
home have been designed, taking advantage of 
technological advances and different communication 
technologies for domotic control, where is found one of 
the protocols used for residential wireless automation that 
was designed by the company Zensys and it is based on an 
interoperable wireless, Radio Frequency-based 
communications technology, designed specifically for 
applications of control, monitoring and reading status in 
residential environments known as Z-wave. 

This low power radio frequency communications 
technology supports full mesh networks without the need 
for a coordinating node; Operates in the sub-1GHz band; 
impervious to interference from Wi-Fi and other wireless 
technologies in the 2.4-GHz range (Bluetooth, ZigBee, 
etc.). It's designed specifically for control and status apps, 
supports data rates of up to 100kbps, with AES128 
encryption, IPV6, and multi-channel operation; the Z-
Wave physical access layers and media layers (PHY / 
MAC) have been ratified by the International 
Telecommunication Union (ITU) as the international 
standard (G.9959) [1]. It also allows full interoperability 
through layer 6 with backwards compatibility to all 
versions [2]. 

Regarding the involvement of the Z-wave 
protocol in applications related to domotic control, there 
are intelligent control systems with wireless transmission 

with mobile devices for electronic blocking control [3], 
remote control of devices within a wireless LAN [4], 
monitoring systems for biological signals, cases such as 
breathing [5] and vital signs [6]. 

Focusing on the detection of sleep states, 
different technologies and alternatives may be available, 
among them the provision of biological sensors in sleep 
monitoring applications, incident factors in the 
measurement environment and the applications of systems 
with wireless communication protocol. Also, motion 
detection is used for sound precision, using sound waves 
with an automatic system based on a ZigBee technology 
sensor [7]. The provision of mattresses for the non-
invasive and unrestricted detection of bio-signals is 
observed [8]. Electrocardiogram (ECG) telemetry systems 
based on Z-Wave and heart rate measurement have been 
developed [9] [10]. Through the use of infrared depth 
sensors, RGB cameras and microphones, the distinction of 
alterations in sleep has been achieved [11]. Also, sleep 
detectors have been designed taking into account 
electrooculography and electroencephalography [12], as 
well as finding an individual's sleep cycle and changing 
the ambient temperature to maximize his sleep efficiency 
by means of fast Fourier transform applied to heart rate 
signals [13].  

Regarding the detection of sleep positioning, it is 
found that by exploring the use of wireless measurements 
with received signal strength (RSS), a person can be 
detected as well as their location in the home [14], 
likewise, a discrete approach for the detection of states and 
positions of the dream [15] and indoor location methods 
using Zigbee [16]. Algorithms have been developed for 
real-time sleep analysis [17] and studies for the 
quantification of the same by means of the measurement 
of signals [18]. 

Carrying out an analysis of the aforementioned is 
proposed to design a device capable of detecting the sleep 
state of a person and integrate into a domotic system of Z-
wave technology that guarantees energy efficiency. To 
identify the state of the dream, one of the sleep 
characteristics mentioned in the Harvard Medical School 
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is taken into account, where it is indicated how the 
breathing patterns change during sleep and the respiratory 
frequency decreases slightly becoming very regular [18]. 
 
SYSTEM MODEL 

Once analyzed the way to make a viable device, 
we proceed to the design and implementation of a system 
that allows the detection of sleep without breaking into the 
ergonomics and comfort of each person to use it, this is 
why we thought about a non-invasive system that will use 
the sound of breathing to identify the dream state. The 
system is easily integrated into a Domotic system with Z-
wave technology to be used as a sensor with which 
different devices connected to the network can be 
controlled. These in turn must be dedicated to generating 
energy savings. For this, the prototype shown in Figure-1 
was designed. 
 

 
 

Figure-1. Prototype of the device. 
 

The sleep sensor is used under the pillow as a 
support, taking measurements of a person until detecting a 
regular breathing achieved when entering a state of sleep. 
The electronic construction of the sleep sensor is shown in 
the stages of the block diagram of Figure-2 and are 
explained below: 

   

 
 

Figure-2. Block Diagram. 
 

The sensor consists of two stages, one designed 
to detect the position of the user and the other the state of 
sleep by means of breathing: 

For the positioning, the system has a micros 
witch installed in the base of the device shown in Figure-1, 
which makes the user detection function in the system, 
determining whether or not he is lying down. This pulse is 
used to initialize the detection stage.  

The detection of sleep by means of regular 
breathing is sensed by the FC-04 cards, they detect 
breathing intervals by means of high sensitivity 
microphones. These signals are processed by a 
microcontroller, which compares the time intervals of each 
exhalation until finding a pattern where breathing becomes 
regular, it is at this moment when the system detects that 
the user is asleep, generating a pulse that is transmitted by 
means of a coupling circuit to the Z-Wave transmission 
module and this in turn transmits to the main controller 

with which the activation of the devices coupled to the 
domotic network. 

For the start-up of the system, a 5V - 200mA 
power supply is sized, this provision is necessary taking 
into account the purpose of achieving efficiency in the 
energy consumption of the design. In the Figures 3 and 4 
show the final implementation of the prototype of the 
device.  
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Figure-3. Physical implementation of the prototype. 
 

 
 

Figure-4. Top view of the prototype with pillow. 

RESULTS 
Consumptions have been studied that are 

generally not calculated and have a significant energy 
expenditure, these consumptions correspond to a state of 
the electronic devices when they are connected, but at rest 
and waiting to receive orders, called Standby. Taking this 
calculations, measurements of night consumption were 
made in a single-family house, to determine how much the 
standby expenses correspond to and the energy 
consumption of 1 and 4 televisions switched on, since this 
is the most used household appliance before sleeping, 
additional calculation is made of the percentage of savings 
that represents the implementation of the system in this 
house. The results of the measurements are shown in 
Table-1. 

 
Table-1. Table of consumption of night costs. 

 

Description of 
Consumption 

Voltage 
(Vac) 

Current 
(A) 

Power 
(w) 

kwh / day 
kWh / 
month 

kWh / 
year 

% 
savings* 

Annual 
cost** 
(US $) 

Standby 114 0.44 50.16 0.40 12.04 144.46 8% 22.60 

Standby + 1TV 
On 

114 0.71 80.94 0.65 19.43 233.11 13% 36.46 

Standby + 4TV 
On 

114 2.1 239.40 1.92 57.46 689.47 38% 107.84 

         
* The saving is calculated according to an average monthly consumption of 150 Kwh/month 
** The annual cost is calculated according to the average cost of Kwh / month of 0.16 US$ for stratum 3 

 
Taking into account the key parameters that 

affect the user, and that are mentioned in the 
recommendation of the ITU-T G.1010, Tests were carried 
out using the Wireshark network traffic analyzer software 
to guarantee the correct functionality of the transmission 
and communication between the different stages of the 
prototype. Condensing the results of the implemented 
system, Measurements of quality of service (QoS) 
parameters related to Throughput, Delay and Jitter are 
taken.  8 measurements are made for the activation state 
and 5 for the deactivation state, taking each sample in an 
interval of 300 seconds, activating the TCP capture filter 
to achieve a selective capture of packages of this nature. 
The values measured by each of the parameters are then 
listed. 

For the calculation of Delay, the equation is 
available (1) [20]: 

 𝐷𝑒𝑙𝑎𝑦 = ∑ 𝑅𝑖 − 𝑆𝑖𝑛
𝑖=0                                                              (1) 

 
Where: 
Ri  it is the time of receipt of package 
Si  it is the package sending time 
n  is the number of packages 
 

In the Figures 5 and 6 show the calculated delay 
results presented by the device in each of the samples 
taken, it's observed that the maximum delay is 15.19ms for 
its activation and 13.73ms for its deactivation, complying 
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with the stipulated parameters according to the 
recommendation of ITU-T G.1010 where it is mentioned 

that for applications of directed and control mode, the 
transmission time must be less than 250ms [21]. 

 

 
 

Figure-5. Delay calculated in activation state. 
 

 
 

Figure-6. Delay calculated in deactivation state. 
 

When a packet delay varies unpredictably with its 
position on queues along the path between the transmitter 
and the destination. This variation in delay is known as 
Jitter. The variation of delays is usually included as a 
functioning quality parameter, since it is very important in 
the transport layer of the packaged data systems due to the 
inherent variability of the arrival times of the packets. The 
parameter must be found. Using the equation (2) [20]: 
 𝐽𝑖𝑡𝑡𝑒𝑟 = ∑ (𝑅𝑖 − 𝑅𝑖−1)𝑛𝑖=0 𝑛                                                     (2) 

 

Where: 
Ri  is the reception time of the current package 
Ri-1  it is the reception time of the previous package 
n  is the number of packages 
 

In the Figures 7 and 8 show the results of the 
Jitter where it is observed that the variation of the delays is 
negative due to stability and the following samples there is 
evidence of improvement in the arrival time of the 
packages.
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Figure-7. Jitter calculated in activation state. 
 

 
 

Figure-8. Jitter calculated in deactivation state. 
 

The throughput is known as the maximum rate of 
production or the maximum rate at which something can 
be processed, it is found with the following equation (3): 
 Troughput =  Package sizePacket duration time                                (3) 

 

Figures 9 and 10 show the result of the Troughput 
measurements where it is observed that the maximum 
production rate of the system is 0.042Mbps and the 
minimum rate 0.0310Mbps in the activation state; and in 
state of deactivation a stability in the system of 0.037Mbps 
is observed, keeping in mind that the transmitted packets 
are data of control ways, the efficiency of the system is 
sufficient for its correct operation. 
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Figure-9. Throughput measured in activation state. 
 

 
 

Figure-10. Throughput measured in deactivation state. 
 
CONCLUSIONS 

According to the survey conducted on 1508 
people by the National Sleep Foundation in 2011 about 
60% turned on the television an hour before going to sleep 
[22]. Taking this on mind and applying the results of 
Table-1, an approximate decrease in annual energy 
consumption per standby of 217846 kWh / year can be 
estimated if the 1508 people implemented the device in 
their rooms. In addition, if you keep in mind the 
probability that 60% of these people sleep with the TV on, 
implementing the device in these rooms can be estimated 
an additional savings in annual consumption of 80224 
kWh per year. 

The creation of a sensor that allows detecting the 
sleep state of a person together with the control of a 
domotic system increases the autonomy of the system 
making it even more efficient, approaching truly 
intelligent systems that interact between man and machine. 
Although, this system was thought primarily to obtain 
energy savings by disconnecting from the electrical supply 
any household appliance or device not essential at 

bedtime, it can also be used for safety, since when 
detecting a person sleeping the system can automatically 
turn on the perimeter sensors, to activate an alarm, to close 
the doors automatically, or turn off the gas appliances. All 
for the benefit of the user. 

Additionally, the prototype can be taken as an 
instrument that helps improve the quality of sleep and also 
the health of the user, taking into account that a person 
with bad sleep quality may suffer from different diseases, 
including a possible brain atrophy as says Dr. Clarie 
Sexton of The Oxford University in her study of cortical 
atrophy due to bad sleep quality in adults [23].  

Finally, it is necessary to mention that from the 
analysis of the values obtained in the measurements of the 
quality of services parameters, it is observed that in them 
the sending and receiving of data are executed within a not 
very wide range and that therefore they are few perceptible 
to the user, which guarantees that the loss of information is 
null and that the implemented system is viable. In this 
way, compliance with the normativity that regulates the 
installation and operation of automated systems is fulfilled 
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and what is explained in the recommendation of ITU-T 
G.1010. 
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