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A Study of Temperature Estimation Models using A Tiny Neural Network
and Strange Attractor

I ERSE 2 — X FHRE % HUIDONG TANG

According to the White Paper on Information and Communications in Japan, recent years have seen
Japanese society reach Society 5.0. Smart grids, one of the goals of Society 5.0, are being investigated in
terms of their role in improving energy efficiency via energy distribution optimization. They quantify the
energy in power grids and transmit power from surplus areas to demand areas, which necessitates the
prediction of power consumption. However, challenges arise in such predictions because power demand may
increase or decrease depending on highly correlated environmental factors such as temperature. Therefore,
electricity demand estimation depends on maximum temperature (i.e., electricity demand is considered the
maximum power consumption in any season). Hence, the ability to predict hourly temperatures would
considerably reduce power consumption.

Traditionally, scientists have based their daily temperature approximations on simple statistical methods
and long-term computer simulations. However, they have focused their predictions only on maximum
temperatures but not hourly temperatures, as temperature is part of a complex system that follows fluid
dynamics. Scholars have proposed several neural networks to forecast the weather. These show the lack of a
round-the-clock hourly prediction technique via a small neural network that may be useful for small local
power companies. Although several small-scale neural networks have been suggested, they only estimate
maximum and minimum temperatures. Thus, to determine the exact amount of electricity demand, predicting
temperature transitions over time is crucial. Therefore, we proposed a small-scale neural network for
forecasting temperature variations. We applied this system in five representative Japanese cities and
achieved high accuracy, with errors ranging from 1.62% to 3.24%, but a rather wide error variance between
cities.

In other fields, the stability of nonlinear systems has been studied using stock analysis, particularly range
limitations of price movement, and some unconventional attractors have been identified that are known to
affect price predictions. These researchers found similarities between attractor bursts and the volatility
clustering of empirical financial time series, which make it possible to predict rapid stock price changes by
observing attractor bursts. Our work described a novel temperature prediction method that combined a small
neural network and attractor behaviors. Our small neural network mainly predicted stable temperatures, and
our attractor behaviors detected temperature fluctuations. The results of our yearly experiments in five major
Japanese cities showed that this method can accurately predict temperatures in the country.

To verify our scope of application, we conducted additional experiments in 12 cities worldwide, whose
further results validate the usefulness of our method.

This whole research is about temperature estimation over time using a tiny neural network and strange
attractor to achieve one of the goals of Society 5.0-smart grids. The author earnestly believes that the
research findings would contribute to the realization of Society 5.0.
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