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A Comparative Analysis of Online Update Techniques for Battery Model
Parameters Considering Complexity and Estimation Accuracy
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Abstract

This study compares and analyzes online update techniques, which estimate the parameters of battery

equivalent circuit models in real time. Online update techniques, which are based on extended Kalman filter and

recursive least square methods, are constructed by considering the dynamic characteristics of batteries. The

performance of the online update techniques is verified by simulation and experiments. Each online update

technique is compared and analyzed in terms of complexity and accuracy to propose a suitable guide for
selecting algorithms on various types of battery applications.
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Fig. 1. Inaccuracy of terminal voltage according to temperature
variation.
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Fig. 2. First-order RC-ladder model of battery equivalent
circuit.
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Fig. 3. Current profile for parameters identification.

TABLE 1
SPECIFICATIONS OF BATTERY CELLS
Battery Type NMC (Nickel Manganese Cobalt)
Capacity 89 [Ah]
Voltage Range 2.7 - 42 [V]
Nominal Voltage 36 [V]
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Fig. 4. Lookup table of parameters according to the room(25°C) and low(-20°C) temperatures.
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Fig. 5. Comparison of online update algorithms.
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Fig. 6. Experimental set up for verification.
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Fig. 7. Battery equivalent circuit model parameters estimated by EKF and RLS on simulation.
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3. Function Information [hide]

View function metrics in a call tree format or table format. Accumulated stack numbers include the
estimated stack size of the function plus the maximum of the accumulated stack size of the
subroutines that the function calls.

View:Call Tree | Table

Function Name Accumulated Self Stack  Lines of Lines lexity
Stack Size Size Code
(bytes)  (bytes)
[+] EKF_Complexityl step 768 768 122 295 14
[+1 EKF_Complexityl_initialize 0 ] 7 19| I
EKF_Complexityl_ terminate 0 0 0 4 1

(a) Complexity of EKF algorithm

3. Function Information [hide]

View function metrics in a call tree format or table format. Accumulated stack numbers include the
estimated stack size of the function plus the maximum of the accumulated stack size of the
subroutines that the function calls.

View:Call Tree | Table

Function Name Accumulated Self Stack  Lines of Lines plexity
Stack Size Size Code
(bytes) (bytes)
[+] RLS_Complexityl_step 392 392 72 180 7
[+] RLS_Complexityl_initialize 0 ] 7 19 b
RLS_C lexityl terminate 0 0 0 4 B

(b) Complexity of RLS algorithm

Fig. 10. Complexity comparison by MATLAB static code
analysis.

TABLE I
ESTIMATION ERROR AND COMPLEXITY OF ONLINE
UPDATE TECHNIQUES

. Estimation Error of Vi )
Algorithm Complexity
Room (25°C) | low (-20°C)

EKF 837 [mV] 19.88 [mV] 16
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5.2 &

B =RoAE ujgE] 57} 32 Rl deugHE
2ol #3elA ARt F4%h= RLS % EKF 2
B4 duess Aoes B wxld wel v
f‘s} E} EKF= A8d F4& avdhs 54
ZHHE dnEEs 2aR e v

7_}7_1 a8} wheba BMSoﬂH HHE%‘H <7t
E

References

[1] W. Zhang, W. Shi, and Z. Ma, “Adaptive unscented
kalman filter based state of energy and power
capahility estimation approach for lithium-ion battery,”
Journal of Power Sources, Vol. 289, pp. 50-62, Sep.
2015.

[2] L. Ly, X. Han, J. Li, J. Hua, and M. Ouyang, “A
review on the Kkey issues for lithium-ion battery
management in electric vehicles,” Journal of Power
Sources, Vol. 226, pp. 272-288, Mar. 2013.

[3] G. L. Plett, “High-performance battery—pack power
estimation using a dynamic cell model,” IEEE
Transactions on Vehicular Technology, Vol. 53, No. 5,
pp. 1586-1593, Sep. 2004.

[4] A. P. Schmidt, M. Bitzer, A. W. Imre, and L. Guzzella,
“Experiment-driven  electrochemical modeling  and
systematic parameterization for a lithium-ion battery
cell,” Journal of Power Sources, Vol. 195, No. 15, pp.
5071-5080, Aug. 2010.

[5] T. Kim and W. Qiao, “A hybrid battery model capable
of capturing dynamic circuit characteristics and
nonlinear capacity effects,” IEEE Transactions on
Energy Conversion, Vol. 26, No. 4, pp. 1172-1180, Oct.
2011.

[6] J. Li and M. S. Mazzola, “Accurate battery pack
modeling for automotive applications,” Journal of Power
Sources, Vol. 237, pp. 215-228, Sep. 2013.

[71 J. H Kim, S. J. Lee, J. M. Lee, and B. H. Cho, “A new
direct current internal resistance and state of charge
relationship for the Li-ion battery pulse power
estimation,” in 2007 7th International Conference on
Power Electronics, pp. 1173-1178, 2007.

[8] G. L. Plett, “Extended kalman filtering for battery
management systems of LiPB-based HEV battery
packs: Part 3. State and parameter estimation,” Journal
of Power sources, Vol. 134, No. 2, pp. 277-292, Aug.
2004.

[9] L. Zhang, Z. Wang, F. Sun, and D. G. Dorrell,
parameter identification of ultracapacitor models using
the extended Kalman filter,” Energies, Vol. 7, No. 5,
pp. 3204-3217, May. 2014.

[10] X. Huy F. Sun, Y. Zou, and H. Peng,
estimation of an electric vehicle Lithium-Ion battery
using recursive least squares with forgetting,” in
Proceedings of the 2011 American Control Conference,
pp. 935-940, 2011.

[11] S. Herdjunanto, “Estimation of open circuit voltage
and electrical parameters of a battery based on signal

“Online

“Online

processed by recursive least square method using two
separate forgetting factors,” in 2016 6th International

Annual Engineering Seminar (InAES), pp. 67-71,
2016.




wiee] 2 glE e 29l gElolE Ve HitEel 4 g Hu 2 24 293

cEf 3 (E 2 T)

Hr7lsetn E.

N

OlH=(FFEH)

19684, 19944 Sheti ©7|3stnt £,
19964 = e NM7|3Em EA(MAL
2001 Texas A&M University X7|=3tn}
ZE(3Hh). 20024 ~2003H Postdoctoral R
esearch Associate, Texas A&M University.
20034 ~2005H ST MAXT|
Pt MHMAIODE MAATR, 20064 ~sdx] A7z HE
SAE MAMI| SR W, 2004H ~$ A [EEE Senior Me
mber, |EEE VPPC2012 =Z2[Z 2016 ~3HA =M 77|
=2 23(EC) MeMEIteld3l (CAB) O|AL B &3 oAFA}
0| AL

I

hd

o



