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Abstract:  

Incoming sun radiation in homes has sturdy implications on each visible and thermal aspect. Shading 
structures have an effect on daytime ranges in construction and the view of the outdoors surroundings. 
However, such shading system operation patterns may differ from time to time depending on the current 
season of the year. Thus, we may need to continuously monitor and control the shading system during 
the year locally or remotely. The proposed study investigates the outcomes of smart shading systems in 
homes which include decreasing electricity bills, and retaining the surroundings, in addition to assisting 
the aged or disabled people using smart systems which avoid the hassle of everlasting movement. The 
objective of this paper is to build a shading system that manages indoor curtains. The system work in 
manual mode and automatic mode of operation. The user can remotely manipulate the curtain from 
everywhere by connecting the device to the Internet. At the same time, the status data should be collected 
in the cloud to be analyzed as a first step toward a fully automated mode of operation using machine 
learning algorithms. In this observation, we can use the Internet of Things (IoT) devices represented by 
using a couple of sensors, a servo motor, and ESP32 microcontroller. The system has been connected 
to the Cayenne interface application to collect sensor data, store it in the cloud, and display it through a 
graphical user interface. The result shows that the designed system is applicable and can be enhanced 
by using Artificial Intelligence techniques. 

Keywords: Control and Monitoring, Curtain, ESP32, Sensors, IoT, Cayenne, Manual and Remotely 
Control. 

 
1. INTRODUCTION 

Strong financial increase and speedy city improvement have generated city styles with a 
scarcity of incredibly designed buildings, which therefore will increase the city's warmness 
and electricity demands. Of the whole worldwide electricity intake inside the constructing 
region in 2010, 20% became fed on with the aid of using China, 19% with the aid of using 
the United States, 15% with the aid of using the OECD countries, 6% with the aid of using 
Russia and 40% with the aid of using different countries [1]. The international construction 
electricity intake is predicted to grow at a mean fee of 1.5% from the year 2012 to 2040 
[2]. 
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The idea of smart things is increasing dramatically in the   market and technological goods 
to support and enhance our lives.  Special merchandise of this kind is technology primarily 
based totally at the Konnex Networks (KNX) widespread for electric installation, which 
lets verbal exchange orders among all electric additives at some stage in the domestic. 
Adding to that, it's viable to attach outside factors to this form of installation. For instance: 
a telecel smartphone or a transportable PC may be used as factors that collect all of the 
equipment’s status inside the domestic to perform the KNX widespread; therefore, this 
type of smart surroundings can be very helpful [3]. 

Another big advantage is efficiency since such solutions would be ecological due to the 
possibility of various energy-saving options (e.g. by turning off unnecessary devices or 
lights); therefore, Artificial Intelligence methods may be necessary to support control 
processes within these frameworks [4]. 

Incoming sun radiation in homes has sturdy implications each on visible and thermal 
aspects. Solar shading structures impact daytime degrees in construction and the view 
of the outside environment; additionally, they lessen indoor heat coming from solar 
radiation during the summer season every year. Adding to that, they regulate thermal 
exchanges via the glazed construction. Therefore, shadings have a direct effect on the 
power consumption for lighting, heating, and cooling, and additionally the occupants’ 
visible and thermal comfort [5]. However, the decrease of daytime brightness degrees 
might also lead to additional use of power intake to power more electrical lighting. 
Therefore, it's a matter of debate between power saving and users' well-being demands. 
Regarding thermal aspects, articles generally carried out research noted to all of the year, 
not only for the summer season. 

Most of the research has decreased on using the air-conditioning system. At the same 
time, sunlight advantages may be lost for the same reason.  In other words, in summer, 
shading gadgets lower the cooling requirements;  however, they lead us to use more 
power for lighting purposes due to the decrease in sun profits [6][7][8]. 
 
2. LITERATURE REVIEW 

Lawrence Berkeley National Laboratory (LBNL) in California has a long history in the field 
of test cell experiments. Starting with the Los Alamos large-scale test bed facilities during 
1975–1985, it tested a series of configurations related to passive solar buildings including 
shading systems. Following the Los Alamos experiments, the MoWiTT program (Mobile 
Window Thermal Test) at LBNL tested a series of glazing systems and shading devices 
such as external and internal Venetian blinds. The Windows and Daylighting Group at 
LBNL utilize its current testbed facility to examine the performance of shading and 
daylighting systems to improve the operation of internal and external daylighting systems 
as well as to develop control algorithms for automated systems. A significant number of 
the conducted studies also focus on the occupants' visual comfort using high resolution 
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images. More specifically a study by Lee et al. [9] that examined dynamically operating 
systems in terms of energy savings and visual comfort used LBNL' test bed facility to test 
internal and external venetian blinds, manual and automated, split-controlled and optical 
(mirrored coating on the upper surface). Over time, building envelopes have been 
progressively transformed into lightweight and transparent multilayered skins resulting in 
decreasing thermal mass and therefore a possible increase in peak loads [10].  

Researchers such as Jie Xiong, and Athanasios Tzempelikos [11]. Develop and 
implement shading system and light model-based control (MBC) algorithms, based on 
visual comfort criteria, for perimeter zones with inside roller shades. The control strategies 
were implemented in full-scale offices and were able to decrease lighting energy use 
while maintaining visual comfort. Advanced control options that consider variable control 
intervals were developed and implemented. Finally, applications in annual building 
simulations are discussed. The developed MBC strategies were successfully 
demonstrated in office spaces, controlling shades and electric lighting in real-time, using 
simple sensor readings as inputs. An innovative, variable control interval logic was also 
developed and implemented, resulting in reduced shading operation without sacrificing 
the benefits, creating less disturbance for occupants and extending equipment life. 
Finally, the developed MBC strategies were evaluated using annual simulation, in terms 
of frequency of shade movements, the annual percentage of working hours with risk of 
glare, lighting energy use, and a fraction of outside view. 
 
3. RESEARCH METHODOLOGY 

The present research aims to investigate the effects of shading devices. The analysis 
considers different conditions regarding climate, shading typology, orientation and 
characteristics of the building, etc. Shading devices allow controlling daylight's entrance 
in buildings, thus contributing to avoiding discomfort phenomena such as glare and 
summer heat, in addition to other aims related to reducing electrical energy consumption 
and preserving the environment. Since this system can be considered environmentally 
friendly, it also helps the elderly and disabled people through the establishment of a smart 
system that avoids the trouble of permanent movement. 
 
4. SYSTEM DESIGN 

In this proposed research, we will focus on monitoring and controlling the indoor shading 
of the living room, i.e. the indoor curtain. The design will upgrade - in the pattern of work 
from the manual mode, i.e. the control is through the switch to open and close the curtain 
- up to the level of remotely controlled using a mobile device or a computer to close and 
open the curtain. In future research, we reach a higher level, which is the intelligent control 
of the curtain, that is, the communication between Machines to Machine (M2M). 
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To implement this design, we will use an ESP32 microcontroller with a different set of 
sensors that measure environmental factors such as temperature, humidity, lighting, rain, 
and motion sensors, as well as measuring some gasses such as CO1 and CO2. 

 

A. ESP32 Microcontroller 

ESP32 machine on chip (SoC) is strong with attaining mode of conversation Wi-Fi 802.11 
b/g/n and Bluetooth model 4.2. ESP32 is a complicated successor to the 8266 chip. The 
cores in the specific model are as much as 240 MHz compared to its predecessor, beside 
those features, it extends the number of GPIO pins from 17 to 36, the quantity of PWM 
channels to sixteen, and is geared up with 4 MB of flash memory [12]. 

B. DHT11 

The DHT11 is a sensor used to measure temperature and humidity. It works in the voltage 
range of 3.5V to 5.5V and consists of three pins (Vcc, Data, and Ground) [13]. In this 
design, we used two DHT11 sensors. The first was placed inside the house while the 
second was placed outside the house. 

C. Photo Resistor Module 

Light Dependent Resistor (LDR) or photoresist or sensor is used to measure the intensity 
of illumination and work at 5V. It consists of three pins (Vcc, Data, and Ground) [14]. In 
this design, we used two photoresist or sensors. The first was placed inside the house 
and the second was placed outside the house. 

D. Rain Sensor 

The rain sensor used to detect the rain and give the indication works at 5V and consists 
of four pins (Vcc, D0 (low/high) output, A0 (analog) output, and Ground) [15]. The 
proposed design uses only the D0 digital output to give us a value of “1” when it's raining 
and a value of “0” when the weather is clear. We only utilize one sensor located outside 
the house. 

E. PIR Sensor 

A Passive Infrared sensor that is used to detect the motion, works at 5Volts. It consists of 
three pins (Vcc, Data, and Ground) [16]. In our design, we used three PIR sensors 
distributed in different parts of the house. The purpose of using it is to detect user indoor 
motion for developing the system when it works along with Artificial Intelligence in 
automated mode. 

F. MQ-135 Sensor 

This sensor used to measure five types of gasses, but in our work, we only need to know 
the percentage of Carbon monoxide (CO) and Carbon dioxide (CO2) and the percentage 
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of air quality inside the room. MQ-135 also works at 5Volts and consists of four pins (Vcc, 
GND, A0, and D0) [17]. 

5. CIRCUIT DESIGN 

In general, the designed system consists of an external electronic circuit that includes a 
set of sensors and an internal circuit that also includes a set of other sensors in addition 
to ESP32 and servo motor as explained in subsections A and B below. 

A. Outside Circuit 

The outer circuit consists of three sensors, the first to measure temperature and humidity 
(DHT11), the second to measure the intensity of illumination (LDR), and the third is the 
rain sensor. These sensors are connected to the ESP32 microcontroller and are fed with 
an external voltage of 5 Volts. 

B. Inside Circuit 

The inner circuit consists of six sensors. The first circuit is to measure temperature and 
humidity (DHT11). The second is to measure the intensity of illumination (LDR), and the 
third is to measure mono and carbon dioxide (MQ-135) to know the purity or quality of the 
air inside the room. The remaining three sensors are used to know the movement inside 
the house (PIR sensor) which is distributed in more than one place inside the house. All 
the mentioned sensors are connected to an ESP32 microcontroller as inputs. In addition, 
the servo motor also represents the output signal delivered by ESP32 for opening and 
closing the curtain as shown in Figure (1). 

Fig.1. Inner circuit 

 

 

 

 

 

 

 

 

6. OPERATION MODE 

The initial operation mode for the system will be the manual mode, as the process of 
manually closing and opening the curtain by a user. The user controls the process through 
the use of a local simple switch or the use of a virtual switch button in a mobile-phone 
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interface application as shown in Figure (8). This means that the communication is 
between humans to machines (H2M). Figure (2) shows the procedure of this pattern. 

The second operation mode is implemented by assigning a predefined rule - Temperature 
threshold level for instance - which automatically controls the process of opening and 
closing the curtain without a human interface as shown in the flowchart of Figure (3). 

Fig (2) Manual mode operation flowchart 

 

Fig (3) Auto mode operation flowchart 
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7. SYSTEM IMPLEMENTATION 

After we review the types of sensors used in this design and how to connect them to the 
circuit board. We will implement the design practically for each external and internal 
circuit. The motion sensor, as well as the curtain base, and all other sensors are 
presented in figures (4), (5), (6), and (7). The motion sensors will be distributed in three 
places in the house (the kitchen, the corridor between rooms, and inside the room). Figure 
(4) shows one of the places of motion sensors in the house, and also the external circuit, 
which, as we explained previously, contains three sensors for temperature, humidity, rain, 
as well as lighting, is and the location of the rain sensor as shown in figure (5), where we 
connected it at the top of the house building.  

Figure (6) shows the inner circuit in all its details from the sensors connected inside the 
room, such as temperature, humidity, gasses, lighting, and movement. Figure (7) shows 
the shape of the curtain base. After completing the connection to the electronic circuit and 
feeding it with power, the programming stage now comes to how to read from the sensors 
and store and monitor these readings on an ongoing basis. For this purpose, we used 
IDE Arduino programming with C programming language and Cayenne cloud for storage 
and monitoring the data. 
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Fig.4. PIR sensor 

 

 

 

 

 

 

 

Fig.5. Rain sensor 

 

 

 

 

 

 

 

 

Fig.6. Internal circuit 
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Fig.7. curtain base 

 

 

 

 

 

 

 

 

 

 
8. RESULT 

The cayenne application program which has been installed on the mobile displays as 
shown in figure (9). It shows all the variables in our project after downloading the program 
on the phone and linking it with the cloud through the same electronic account, i.e. Gmail. 
It also gives us the same options on the computer where we can open and close the 
curtain as shown in figure (8). 

After reading these variables continuously, we will store them in the cloud for further 
analysis in future works. This data can be downloaded from the cloud in the form of an 
excel file, as shown in the following (Table. 1). 
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Fig.8: The process of reading data from sensors and displaying it on the cloud via 
computer. 

 
Fig.9: The process of reading data from sensors and displaying it on the cloud via 

mobile phone 
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9. DISCUSSION 

The collected data as shown in figure (10) presents the data for one week. It reflects the 
effect of external and internal temperatures on the process of opening and closing the 
curtain in the living room by the homeowner. 

Table.1. Reading the indoor and outdoor temperature for a certain period 

Time Date Indoor Temperature Outside Temperature 

10:08:27 14/3/2022 22 19.5 

10:18:28 14/3/2022 22.2 19.6 

10:18:29 14/3/2022 22.2 19.6 

10:28:29 14/3/2022 22.5 19.8 

10:38:29 14/3/2022 22.7 19.9 

10:38:30 14/3/2022 22.7 19.9 

10:48:30 14/3/2022 22.8 20.9 

10:48:31 14/3/2022 22.8 20.9 

10:58:31 14/3/2022 22.8 20.9 

10:58:32 14/3/2022 22.8 19.5 

10:58:33 14/3/2022 22.8 19.5 

11:08:32 14/3/2022 22.8 20.4 

11:08:33 14/3/2022 22.8 20.4 

11:18:37 14/3/2022 22.9 20.3 

11:28:24 14/3/2022 22.2 20.3 

These data were collected in Mosul city at the beginning of March 2022, which means 
that the weather is winter at this time of the year. We note from the drawing that the user 
usually tends to open the curtain in the morning, especially in the case of sunny weather. 
As a matter of consequence, the sun’s rays enter the room, thus the temperature rises 
which may reduce the use of heating devices. Therefore, it leads us to pay less for 
electrical bills. 

Fig.10. Internal and external temperature with the opening and closing of the 
curtain. 
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10. CONCLUSION 

The process of remote controlling the curtain is one of the important things in smart homes 
that user deals with in daily life. It provides comfort and a safe environment inside the 
home. This research studies the surrounding factors that may affect the process of 
controlling the curtain. Temperature outcomes were presented as an example of 
surrounding physical phenomena elements on the curtain. Also, it is possible for the 
lighting factor to directly control the process of opening and closing the curtain. The 
designed system proves the applicability to have a simple system using ESP32, sensors, 
and Cayenne cloud-based application which reflects big benefits and basic elements in 
smart home-based IoT. The study will continue to have all the factors that we have 
collected and to improve the operation of the system interaction intelligently using 
Machine to Machine patterns. The process of upgrading the system to Machine 2 
Machine type demands a continuous reading of user behavior. It may last for several 
months and seasons. The collected data will be analyzed to get the output by applying 
Machine Learning Algorithms, which will be our work for the incoming research. 
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