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e Joint Estimation of Battery Parameter and SOC
e Algorithm Verification

e Applications
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 Nonlinear and time-varying dynamics: SOC, SOH

(remaining life), model parameters vary as
— Aging

— Changes in operational conditions

— Chemical property variations

e Expensive sensors, non-measurable signals
e Flat voltage curves
 Noise in measurement

e Capture dynamics in real time
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Joint Estimation — Output Re-formation
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Parameters to be estimated: Eo, K, Q,

State to be estimated: SO
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Joint Estimation - Statistical Property

Add an sequence{cx:k = 1, ..., N} of mean zero and variance ¢*

in a small interval (t — 7,t| on the input current

By the strong law of large numbers, the sample average of v(r,) converges
strongly

1 :
UN = Zv(m) — h(t) — g(t)i(t), N = oo, w.p.1

Sample variance converges strongly

(1) — piv)? = 02 (g(t))*, N — oo, w.p.1

Estimate for

Gn(t) = \/on o In(t) = g(1).N = oc,wp.l.

Ei\f (1) = un +gn(t)i(t)  hn(t) — h(t), N — oo, w.p.1. /
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Joint Estimation

For the identified values of h(t) and g(t) at ¢;, j =

K
t;) = +R
.g( J) 30—%)\(@)
KQ
h(t E0+KQ—
S0 — %)\(tj)
9 = [R,K,Eo,Q,So],
0 =[RR Ep0Q.S |
F(6) =

Ors1 = Or + EkU(Qk) ](91{)) 1J(6x)'(H — F(Bx))
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Joint Estimation - Simulation Results

For m = 33 steps.:

A(t1) = 0.03Q, A(t2) = 0.04Q, ..., M(t33) = 0.35Q

1(J(0) J(0))" || = 115.2 Full rank, well conditioned!

6, = [0.2,0.1,205,6,0.65]’

0,0 = [0.3353,0.1631,216,5810,6.4595,0.834]’

6, =10.3077,0.1737,216,6753,6.5,0.8]’
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Multi Range DC Power

TENERGY 31515 Communication Supply PWRS00L

LiFePO4 Battery Pack T Control Unit PFX2121

Algorithm
Verification
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. Battery Management
Systems

. Optimal Battery
Charging/Discharging
Controllers

. Real-time Battery
Characterizer

. Stationary grid applicati
using retired batteries
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Applications

A system consisting of M by N units

A unit of m by n base modules
| Power J
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and Model

Real-time Battery

Characterizer
Accurate and Real-Time
Joint Estimation of Battery' SOC, SOH

Parameters

1

Modular Cascaded Power
Electronic Converters
For reliable, efficient, and optimized
operation

1L

Adaptive Battery Management System
For safe and reliable battery operation and grid integration
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Grid
Connection
To effectively meet the

grid needs as such
accommodating

renewable energy
sources, frequency
regulation, etc.
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SOC Weighted Control for Grid Battery
Storage System
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