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Continuous Time and Discrete Time State Equation Analysis
about Electrical Equivalent Circuit Model for Lithium-Ion Battery

Seungyun Han'!, Jinhyeong Park', Seongyun Park!, Seungwoo Kim',
Pyeong-Yeon Lee!, and Jonghoon KimT

Abstract

Estimating the accurate internal state of lithium ion batteries to increase their safety and efficiency is crucial.
Various algorithms are used to estimate the internal state of a lithium ion battery, such as the extended Kalman
filter and sliding mode observer. A state-space model is essential in using algorithms to estimate the internal
state of a battery. Two principal methods are used to express the state-space model, namely, continuous time
and discrete time. In this work, the extended Kalman filter is employed to estimate the internal state of a
battery. Moreover, this work presents and analyzes the estimation performance of algorithms consisting of a

continuous time state-space model and a discrete time state-space model through static and dynamic profiles.

Key words: State of charge estimation, Extended kalman filter, Continuous—time state equation, Discrete-time

state equation, Electrical equivalent circuit model
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Fig. 3. Experimental setup.
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TABLE I
SAMSUNG INR 18650-25R SPECIFICATION
Item Specification
Nominal discharge capacity 2,500mAh
Nominal voltage 36V
Charge cut-off voltage 4.20+0.05V
Standard charge current 1.25A
Max discharge current 20A
Discharge cut-off voltage 25V
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TABLE TI
PARAMAETER EXTRACTION VALUE
SOC OCV [V] | RO [m®] | Rl [mQ] | Cl1 [F]
0 291 - - -
0.05 3.20 20 262.4 5274
0.10 3.37 19 118.6 844.8
0.15 3.46 179 717 1428.0
0.20 3.49 176 38.4 2302.1
0.25 3.55 17.3 39.7 1650.7
0.30 3.60 17.2 40.2 1888.1
0.35 3.62 17.3 35.6 1904.1
0.40 3.65 16.9 32.3 1848.4
0.45 3.67 16.9 30.7 1917.5
0.50 3.71 16.9 30.8 2004.4
0.55 3.75 17 33.1 2054.3
0.60 3.81 16.9 40.7 1606.4
0.65 3.86 17 43.8 1403.8
0.70 3.90 17 41.2 1445.5
0.75 394 17 40.5 1408.6
0.80 3.99 17.1 44.6 1469.0
0.8 4.05 17.2 43.7 1738.4
0.90 4.08 17.3 30 2395.4
0.9 4.10 174 26.2 2003.9
1.00 4.18 17.9 44.3 1624.6
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