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Abstract

In the past, consumer electrical products have evolved in response to the needs of users, such as “entertainment”,
“convenience” and “comfort”, and in response to changes in society and living environments. More recently, there have been
demands for products with more advanced functions, friendlier user interfaces, and lower energy consumption.

Regarding the need for comfort, we discuss how this can be achieved by optimally controlling the temperature and humidity
to obtain an environment that is close to nature. This drive towards comfortable air-conditioned living environments is aimed
at the use of air-conditioning as a comprehensive environment control technology. Each company has been promoting the
development of energy-saving technology to implement air conditioning that provides comfort by satisfying various criteria
such as the changing seasons, the differences in environmental conditions between Hokkaido in the north and Okinawa in the
south, and the increasingly airtight nature of residential buildings.

While the development of energy-saving technology is in progress, as the performance of air conditioning improves, each
company will use temperature detection sensors (thermopiles) and infrared sensors (pyroelectric sensors) to gather
information such as entry/exit of people to/from a room, their positions inside the room, their level of activity, and the
number of people in the room, and provide energy-saving air conditioning by controlling parameters such as the speed and
direction of air flow based on this information. Due to these sorts of advances in air conditioning, the need has arisen for
technology that can estimate the layout of a room (i.e., the positions of the walls, floor, beams, doors, etc.) and fine-tune the
airflow speed and direction of accordingly.

In this article, we consider methods in which one or more cameras are mounded on domestic air conditioners, and the
images captured by these cameras are used to detect the room layout. The following three methods can be used for detecting
the room layout:

. Using multiple cameras
. Using infrared sensors and/or ultrasound sensors
. Using a laser

One of the methods for detecting the room layout estimates the positions of objects by using the differences between
pictures captured with multiple cameras. This method has had issues of high cost due to the need for multiple cameras, and
the constraints imposed on the camera positioning and the size of the equipment housing. On the other hand, the cost issues
can be solved by a method that uses infrared or ultrasound sensors, but since the number of pixels is small, there have been
issues such as low resolution and short detection range. There is also a method that uses a laser, but the high cost and safety
concerns have become issues.

Therefore, we worked on the research and development of a technique for room layout detection with a single camera to
achieve both low cost and high precision. A room layout detection system using this technique detects the positions of objects
and whether or not doors are open from images captured using a single camera. Also, since this technique was developed
with a view to applying it to household appliances such as air conditioners, the processing of images captured using a single
camera can be performed using little CPU processing power.

With this technique, the shape and size of rooms and whether doors are open or closed can be detected from a picture
captured by a camera mounted on a domestic air conditioner, and the air flow direction and speed can be automatically
controlled based on this information. This technique uses knowledge about the structure of a room given beforehand as a
model to detect the interior structure of the building. For example, the air conditioner in a living room could automatically
switch between single-room and double-room modes depending on whether or not the door between the living room and an
adjoining room is open, or automatically adjust the blower swing orientation according to the size of the room.

An attempt to evaluate the thermal comfort was made by Dr. Fanger in 1973. Dr. Fanger proposed PMV (Predicted Mean
\ote) that was based on heat exchange between environment and human. On the environment aspect, air temperature, mean
radiant temperature, relative humidity and air velocity were included. On the human aspect, clothes and work were included.

The use of controlling supply air can allow changes in local heat exchange between environment and human. However, Dr.
Fanger did not offer a method of estimating the local thermal sensation changes. In this study, we constructed the evaluation
index of local thermal comfort based on the changes of human body temperature and air temperature. We also consider the
basic model of thermal comfort based on the changes of room size and arrangement of furniture.
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