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Abstract—The energy-saving smart window is a system of 

window actuators that work together electronically through a 

wireless system to control the climate within a residential home 

or office. The components include an actuator that mounts 

onto a traditional sliding window to open and close in response 

to weather conditions. The actuation is controlled by a wireless 

system that is coded to appropriately react to weather 

conditions. The determining factors will be the temperature 

gradient, humidity, and wind speed. The aesthetics, safety, and 

ergonomics have been considered in the design. 

I. INTRODUCTION 

Temperature plays a large role in comfort and health. 
Controlling the indoor temperature and humidity to ease 
discomfort is balanced against the cost of the utilities that it 
takes to effectively heat and cool a home. An efficient 
solution is the use of windows. Windows allow for air 
exchange between the exterior environment and the interior 
of the home. This exchange can benefit the level of comfort a 
homeowner experiences and alleviate the burden of high 
utility costs. An automated system to do this would save the 
homeowner time and allow for an increased level of 
effectiveness in the process of maintaining interior air 
quality. Generally, cooling and heating are done by a heater 
or air conditioning unit. To have these units work efficiently, 
windows must be closed. The addition of windows to the 
living space opens the way to natural lighting, room 
ventilation, warmth, and improves the overall look of a 
home. Deciding on the type of window for a home 
determines the positive and negative effects such as 
airtightness and ventilation. The project being introduced 
incorporates natural elements into the home to improve 
efficiency, comfort, and improve healthy air and lighting in 
the home. The window prototype will open and close 
depending on certain conditions, and the user interface will 
be ergonomic for the user. 

II. EASE OF USE 

A. Realistic Constraints 

In compliance with the American Society of Mechanical 
Engineers (ASME), the hardware and measurements will 
have to be kept in the Imperial System of measurement. If 
the product were to expand into other countries, then the 
design would have to be worked into the metric system. 
Dimensioning and tolerance will need to be incorporated into 
the design although tolerance may not be needed for 
residential use. All ASME safety code regulations will need 
to be met. ANSI regulations will need to be met for the 
American Market. 

B. Maintaining the Integrity of the Specifications 

The producer and the consumer will both face economic 
constraints with the product. The producer will have to price 
the finished product according to manufacturing production 
cost, distribution, and marketing. After the window design is 
complete, it will need to be incorporated into a bigger 
ecosystem of windows with the main controller so that they 
work in tandem. The ease and benefits of the design will 
need to be properly marketed to the consumer.  

Certain economic constraints the user may encounter will 
be dependent on how many rooms will require the device. 
Ideally, as a producer, the product will go on every window 
to fully benefit from the design. However, the consumer will 
have to weigh the cost to benefit from outfitting the number 
of windows they need. The bigger the house, the more 
devices it will need, which can increase the cost of installing 
the devices on the windows throughout the house or office. 

III. OPTIMAL DESIGN 

Temperature plays a large role in comfort and health. 
Controlling the indoor temperature and humidity to ease 
discomfort is balanced against the cost of the utilities that it 
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takes to effectively heat and cool a home. An efficient 
solution is the use of windows. Windows allow for air 
exchange between the exterior environment and the interior 
of the home. This exchange can benefit the level of comfort a 
homeowner experiences and alleviate the burden of high 
utility costs. An automated system to do this would save the 
homeowner time and allow for an increased level of 
effectiveness in the process of maintaining interior air 
quality. It would also save the homeowner time. 

The system consists of four separate components, 
including two sensors that measure both temperature and 
humidity. These function to provide readings of temperature 
and humidity for both the interior and exterior of the home. 
This data is then passed to the next component, the 
controller. The controller interprets the data and produces a 
command for the mechanism that opens and closes the 
window to best reach the desired temperature. The final part 
is the mechanism that controls the window. This allows the 
flow of external air into the room affecting the interior air 
temperature. This feedback loop allows for a more 
comfortable interior air temperature. 

 

A. Individual components 

The controller consists of a simple comparison algorithm 
that either opens or closes the window and is run through a 
small computer. The strength of this control system lies in its 
simplicity. It minimizes the opening and closing of the 
window over time by only operating the window mechanism 
when the direction of the temperature gradient demands it. It 
also makes the integration of additional window units easy 
by treating additional window units as binary units in a 
system and reduces the need for computing power. The 
control system will also account for the inclusion of 
humidity as a factor affecting indoor air quality. As 
temperatures rise the sensor will interpret higher 
temperatures in terms of the heat index to accurately gauge 
their effect on human comfort. 

   
The window mechanism consists of a simple linear 

actuator mounted to the bottom of the frame of the window 
and the wall. The small forces demanded and the need for a 
compact design meant that a linear actuator was an 
economical and effective choice. Due to the dynamics of 
sliding windows, the bottom mount allows for a minimum 
amount of jamming by operating most directly against the 
force of friction caused by gravity. The mechanism will also 
include a safety latch for the release of the mechanism during 
emergency situations. 

 

 
The final component chosen was the sensor. Sensors with 

a high tolerance of atmospheric temperature variations were 
chosen so that the external temperature sensor would operate 
in most environments. The chosen sensor also includes a 
humidistat so that changes in perceived temperature due to 
humidity could be accounted for. 

 



B. Equations 

The first step is a comparison between the interior(Ti) 
and exterior temperatures (Te) and the desired temperature 
(Td) that is input by the user. The difference (ΔTa) between 
the exterior and interior temperature will be calculated as in 
Eq. (1) and the difference (ΔTd) between the interior and the 
desired temperature will also be calculated as in Eq. (2). 
These two values will then be compared in Eq. (3) to 
produce an operation parameter (OT). 

 
 
OT will either have a value of either positive or negative 

one 1. If OT=1, it means the direction of the temperature 
gradient between the interior and exterior sensors was 
favorable to reaching the desired temperature and the 
window should open. If OT= -1 then the direction of the 
gradient was not favorable to achieving the desired 
temperature and the window should be closed. 

After either temperature rises above 80For 40% relative 
humidity the system will automatically apply a heat index 
algorithm to the temperature to account for the increase in 
temperature and humidity on levels of comfort. A study in 
the John Hopkins School of Biostatistics underwent a 
comparative analysis of heat index equations and found 
several to agree with theoretical values in this range [8]. The 
heat index temperature is calculated in Eq. (4). 

 
 
This will allow for a more effective comparison of the 

exterior and interior temperature. The water content of the air 
may raise the perceived temperature of the air outside even if 
the actual temperature is lower. The system will be able to 
effectively account for the effect of humidity on the interior 
air quality.  

The comparison by the controller will only take place 
every 2.5 minutes. The reason for this is that it limits the 
possible number of times the window can open and close. 
This limits the degree to which the noise of the mechanism 
can disturb the occupants of the home and limits the number 
of times it will open and close over the course of a day. .” 

IV. CONCLUSION 

The introduction of technology into the home to allow for 
the better control of environmental variables is an integral 
part of the resource management process. Control over 
climate variables can be achieved using windows that allow 
for the perceived temperature to be optimized to preserve 

resources while heating or cooling the home. Though this 
could be done manually, the inclusion of a certain degree of 
automation will allow the user to reach desired outcome 
while saving a considerable amount of time. Due to the 
residential nature of the implementation of the design, safety 
must be considered in every aspect of the design to reduce 
the risk of harm.   

The design has three primary components. First, a simple 
mechanism that utilizes an actuator could effectively open 
and close the window. A safety release and a minimization 
of force would be needed to ensure the safety of the users, 
especially considering the residential nature of its 
deployment. Second, Temperature and humidity would be 
read by an exterior and interior sensor that will transmit data 
to a control module. Finally, a control module would 
determine if the window should be in an opened or closed 
position to reach the desired interior temperature based on 
the temperature gradient between exterior and interior 
temperatures. This will create a feedback loop by altering the 
interior air temperature. The system will communicate via 
wireless internet connection and allow the components to 
communicate wirelessly. 

Safety and simplicity are the guiding principles of the 
design. The design of devices, especially those that operate 
in residential environments requires a thorough consideration 
of the possible outcomes of the use of a product. Through the 
limitation of the force it can apply, the ability to remove it in 
an emergency, auditory and visual warnings, and the 
minimization of its movement the design should deliver the 
safest possible user experience while producing its desired 
behavioral outcomes.. 
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