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With the advent of the large-scale popularization of lithium-ion secondary batteries, it is imperative for
measurement system to be accurate and cost-effective. In the battery management system, the state of
charge (SOC) estimation and state of health (SOH) estimation and the thermal management of the
storage battery is the most basic technology.

Temperature rise is one of the causes of the storage battery degradation. Therefore, the technology to
suppress the temperature rise of the storage battery is important. Then, a thermal model of the storage
battery is required. In this paper, we analyze the thermal behavior of a storage battery using a thermal
circuit. Since the size of the thermal circuit model is large, unless parallel calculation is performed, there
is enormous time. In order to solve the problem, we propose a method to speed up the analysis of
thermal circuit model by diverting parallel calculation of electric circuit using GPGPU. We proposes a
fast and accurate parallel transient simulator for power grid by Backward Euler method using GPU. A
new data structure CSG (Compressed Sparse for Grid structure) is proposed for the computational
efficiency, it can be realized with about 63% computational cost compared to conventional sparse matrix
representation method. It is about 50% performance compared with the speed upper bound. As the result,
we have implemented a simulator whose speed is 74.0 times faster than CPU calculation. It is an
innovative result considering that the communication loss is about 30%, and that the part which cannot

be parallelized such as data transfer and conditional branching.



To estimate the state of health, the internal parameters identification method of the storage battery is
the most basic technology. In this paper, we propose the on-line internal parameters identification
method of lithium-ion battery using the Recursive Least-Squares method (RLS) and evaluate the
identification method using test experiments. Since batteries fluctuate during discharge terminal voltage,
is not appropriate to dispose a constant forgetting factor, in order to solve the problem, we proposed the
setting method of the forgetting factor using the ratio terminal of terminal voltage and discharge rate
(average current).

The state of health estimation is a very important technology for battery measurement system.
Self-discharge, voltage drop by internal resistance, and polarization make it very difficult to directly
estimate the SOC from the external voltage and current of battery. The extended Kalman filter (EKF)
can affect a highly effective the SOC estimation. In this paper, we discuss a state-of-charge (SOC)
estimation system for lithium-ion batteries using EKF with adaptive noise covariance estimation. In the
prior art, it was necessary to the test experiments (roughly 1000 Kalman filter processes) in order to find
the optimum noise variance setting. Our proposed method can estimate the optimum noise variance
setting from the residual error, it is not need the noise setting search experiments. Therefore, it is an

efficient and accurate noise setting method for the SOC estimation using EKF.



