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Topics

• IntroductionIntroduction

• Joint Estimation of Battery Parameter and SOC

• Algorithm Verification

• Applications• Applications



Challenges in Parameter and SOC Estimation
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Challenges in Parameter and SOC Estimation 

• Nonlinear and time‐varying dynamics: SOC, SOH 
(remaining life), model parameters vary as
– Aging
– Changes in operational conditions

Chemical property variations– Chemical property variations 

• Expensive sensors, non‐measurable signals
l l• Flat voltage curves

• Noise in measurement
• Capture dynamics in real time



Joint Estimation – Output Re-formationJo t st at o Output e o at o

Parameters to be estimated: E0, K, Q, R

State to be estimated: s0



Joint Estimation – Statistical Property p y

By the strong law of large numbers, the sample average of v(τk) converges 
stronglyg y

Sample variance converges strongly

Estimate for



Joint Estimation 

For the identified values of h(t) and g(t) at tj , j = 1, . . . ,m.



Joint Estimation - Simulation Results

For m = 33 steps:

F ll k ll diti d!Full rank, well conditioned!
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Algorithm 
VerificationVerification



Applications

• Battery Management 
SystemsSystems

• Optimal Battery 
Ch i /Di h iCharging/Discharging 
Controllers

• Real‐time Battery 
Characterizer

• Stationary grid applications 
using retired batteries

• …



SOC Weighted Control for Grid Battery 
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Storage System 

s
s

s

…
...

…
...


