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This project is developing four transformative
technologies and innovations:

1. Collective/differential algorithms for 
estimating the states and parameters of many 
battery cells in a pack simultaneously. 

2. Targeted algorithms that tailor the way a 
battery is cycled to improve state and 
parameter identifiability. 

3. A reconfigurable battery pack architecture
that improves pack-level health management 
through the dynamic rerouting of current. 

4. Nonlinear model-based algorithms for plug-
and-play, multi-cell pack-level health 
management. 

6. ACCOMPLISHMENT: TARGETED ONLINE DIAGNOSTICS

We have built both the
laboratory HIL test setup
and the full hardware
demonstrator. Both
setups are being actively
used for technology
validation.

Our research is 
progressing rapidly 
from 
differential/targeted 
battery health 
estimation to battery 
pack management 
using predictive 
models parameterized 
using our estimation 
techniques.  We are 
exploiting 
pseudospectral
optimization and 
differential flatness to 
improve the 
computational 
efficiency of battery 
pack model-predictive 
control. 

Both simulation studies and 
experiments support the 

viability of collective 
SOC estimation. 

We have developed 
computationally efficient 

algorithms for collective, multi-
cell SOC estimation.

Rigorous theoretical analyses 
show that these algorithms can, 
indeed, improve SOC estimation 
accuracy considerably.  

Motivation:  What if a well-
instrumented, well-diagnosed 

reference cell is used as a 
benchmark for pack-level SOH 

estimation and diagnostics? 

Discovery:  SOH estimation accuracy 
improves for all reasonable voltage 

measurement accuracy levels, especially 
in terms of reduced sensitivity to 

current measurement errors.

Innovation: a differential 
diagnostics algorithm for pack-

level health estimation. 

Innovation:  The use of 
optimal input shaping to 
reduce the lab time 
needed for the 
characterization of 
thermo-electrochemical 
battery behavior. 
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Accomplishment:  a tenfold
reduction in the lab time 
needed for accurate 
characterization of thermo-
electrochemical properties. 

Innovation:  The use of 
optimal input shaping to 
maximize health-related 
parameter identifiability
for online diagnostics 
applications.

Experimental validation 
study:  Can an optimized 
targeted diagnostics protocol 
improve online health 
estimation accuracy and 
speed for a second-order 
nonlinear battery model? 

Validation results:  
significant 
improvement in 
both parameter 
and output voltage 
prediction accuracy. 

Innovation: development of an online, pack-level 
combined differential/targeted diagnostics algorithm. 

Accomplishments: 
1. Significant improvements in 

health estimation and outlier 
detection accuracy. 

2. Rigorous quantification of 
benefits of different levels of 
pack reconfigurability. 


