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Performance Targets
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* Wholly owned subsidiary of Robert Bosch LLC

• Develop advanced battery management system that 
estimates internal immeasurable states to impose safer 
constraints on battery operation

• Use of optimal control algorithms to push envelope on 
charging rates and battery utilization while maintaining 
battery safety and longevity

- Reduce cost of batteries > 25% by increasing the 
envelope of battery operation

- Reduce charge time by more than 50%, enable higher 
penetration of EVs

Metric State of the Art Proposed

Cost of battery pack $10,000 $7,500

Charge time from 
0% to 80% capacity

30 min to 3 hrs < 15 min

Available capacity 100% 125% – 133%  

Surface temp.V
=c

el
l v

ol
ta

ge

ECM based 
limits of battery 
operation

State-of-the-art BMS

Surface temp.V
=c

el
l v

ol
ta

ge

ECM based 
limits of battery 
operation

State-of-the-art BMS

Internal temp.

In
te

rn
al

 
ov

er
pt

ot
en

tia
l(
) ECM based 

limits of battery 
operation

ECheM based 
limits of battery 
operation

State-of-the-art BMS

Advanced BMS

Internal temp.

In
te

rn
al

 
ov

er
pt

ot
en

tia
l(
) ECM based 

limits of battery 
operation

ECheM based 
limits of battery 
operation

State-of-the-art BMS

Advanced BMS

State-of-the-art

Proposed

In
te

rn
al

 s
ta

te
s

ECU
(supervisory control)

Battery
Control action

Electrochemical-based battery model

State
Estimator

Parameter
Estimator

Control algorithms
(includes optimal utilization)

M
ea

su
re

m
en

ts
(T

, I
, V

)

P
roposed control action

D
em

ands

BMS

SOC, over-
potentials

SOH, 
capacity, 
diffusion,

Advanced BMS

Available capacity


