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Battery Model Identification using Switched-Capacitor Equalizer
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Comparative Study of Estimation StrategiesOperation Principle of the Online Identification

Performance Verifications

Conclusions

❖ This paper assesses two estimation strategies for online EIS-model identification which is integrated into existing equalizers.

❖ The MTPS has more advantages than S-ETPS in terms of practical implementation.

❖While the S-ETPS is sensitive to the characteristics mismatching of the cells, the MTPS can estimate the model parameters just by some arbitrary estimation point.

Summary

❖ Online state estimations require an accurate EIS model to reduce the estimation error, frequency-swept method require a long processing time.

❖ By virtue of switch-matrix structure, an EIS model of every cell can be identified but it is heavily dependent on the current sampling strategy.

❖ By assessed current sampling strategies, the start and end time-point strategy can achieve good accuracy, but it is difficult to determine optimal sampling instant.

❖ The multiple time-points strategy can accurately estimate the model parameters and overcome the disadvantages of the start and end time-point strategy.

http://eccl.ulsan.ac.kr

EIS-integrated equalizer

Theoretical waveforms current and 

voltage of the measuring capacitor

❖ The online measuring scheme is embedded

into a switch matrix single-capacitor

equalizer as Fig. 1.

❖ The EIS-model identification is executed in

phase A.

❖ The single R-C Thévenin model is chosen.

❖ The current flow through the loop and the

voltage of the capacitor are expressed by

❖ Capacitor voltage and current are measured

at t to calculate the battery impedance.
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Cell #1 Cell #2 Cell #3

Rn ( Ω) Rp ( Ω) Cp (F) Rn ( Ω) Rp ( Ω) Cp (F) Rn ( Ω) Rp ( Ω) Cp (F)

Commercial EIS analyzer 49.617 3.258 1.117 40.104 3.631 0.916 40.504 4.136 0.799

EIS-integrated eq

ualizer

S-ETPS
Avg. 49.525 3.314 1.129 40.175 3.678 0.928 40.391 4.282 0.816

Error (%) 0.185 1.719 1.074 0.177 1.294 1.288 0.279 3.530 2.114

MTPS
Avg. 49.646 3.294 1.159 40.022 3.545 0.845 40.529 4.115 0.825

Error (%) 0.058 1.102 3.747 0.205 2.363 7.82 0.062 0.503 3.189

            
 

  

   

   

   

 
  
 
  
  

 

       

 
 

 
 

 
 

                 

            
 

  

  

  

  

  

  

  

 
  
 
  
  

 

       

 
 

 
 

 
 

                 
            

 

  

  

  

  

   

   

   

 
  
 
  
  

 

       

 
 

 
 

 
 

                 

Fig.3. The error dependency on tM2 in S-ETPS
Fig. 4. The error dependency on number of time point in the 

MTPS

❖Start and end time-point strategy 

(S-ETPS)
❖Multi time-points strategy (MTPS)

❖ Error of the S-ETPS are within 4% for all model-parameters.

❖ Large error of Cp when tM2 is closed to tM1 and tM3.

❖ The optimal tM2 point of three battery cells are different.

➔ Cannot fix a tM2 for every cases.

❖ Error of MTPS is good more accurate for Rs and Rp.

❖ Error of Cp is up to 8%.

❖ The MTPS is implemented by multiple measurement points (from 3 to 100).

❖ The error becomes the smallest with 50 time-points.

➔ Optimizing the number of time-point for all three parameters to decrease error.

𝑖𝐶(𝑡)=
∆𝑉

𝑅𝑛 + 𝑅𝑝
1 +

𝑅𝑝

𝑅𝑛
𝑒

− 𝑅𝑛+𝑅𝑝 𝑡

𝑅𝑛𝑅𝑝𝐶𝑝 1

∆𝑉 = 𝑂𝐶𝑉 − 𝑣𝐶 𝑡 2

➢ By assuming tM1 ≈ 0, Rn can be

obtained from (1).

➢ tM3 → ∞, the battery impedance

becomes a sum of Rn and Rp

➢ tM2 as a mid-point between tM1 and tM3,

Cp is calculated by

Where K is denoted by

𝑅𝑛=
𝑂𝐶𝑉 − 𝑣𝐶 𝑡𝑀1

𝑖𝐶 𝑡𝑀1
3

𝑅𝑝=
𝑂𝐶𝑉 − 𝑣𝐶 𝑡𝑀3

𝑖𝐶 𝑡𝑀3
− 𝑅𝑛 4

𝐶𝑝 =
𝑅𝑛 + 𝑅𝑝 𝑡𝑀2

𝑅𝑛𝑅𝑝ln(
1
𝐾
)

5

𝐾 =
𝑖𝐶 𝑡𝑀2 𝑅𝑛 + 𝑅𝑝

𝑂𝐶𝑉 − 𝑣𝐶 𝑡𝑀2
− 1

𝑅𝑛
𝑅𝑝

6

➢ Equation (1) is transformed to

➢ Using the exponential curve fitting

method to identify the EIS model of

the battery cell.

𝑖𝐶(𝑡)

∆𝑉
=

1

𝑅𝑛 + 𝑅𝑝
+

𝑅𝑝

𝑅𝑛 𝑅𝑛 + 𝑅𝑝
𝑒

− 𝑅𝑛+𝑅𝑝 𝑡

𝑅𝑛𝑅𝑝𝐶𝑝 7

  
 

  
 

  
 

         

  
 

              

                 

      

  
 

  
 

  
 

  
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

  
 

  
 

  
 

  
 

  
   

 
  
 

 
 
 
 

  
 

   
Theoretical waveforms start 

and end point strategy
Theoretical waveforms multiple 

time-points strategy

   

   

   

   

   

   

   

   

 

  

  

  

  

      

 

 

  

   

   

   

   

   

   

   

   

 

  

  

  

  

      

 

 

  

Measuring process of cell #4


