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Formulate new FLCs 
fis

Run the simulation on 
the driving profile and 
evaluate the fitness;

Output the best individual

Yes 

No

Create initial population 
with n chromosomes

Select parents from 
the population

Next generation of
population

Crossover and mutate 

Generation 

i =threshold?

one chromosome

x1 x2 x3 x4 x5 x6 x7 x8 x9
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RULbat

FLC1

RULfc

FLC2

FLC3

FLC4

Classifier

FLC parameters optimization 
based on GA under different 
degradation cases:

Satisfy the demanded power;
;

Tune the fuel cell operation
points;

Reference 
fuel cell 
current

Prognostics

Allocate 
confidence 
factor

Decision 
fusion

Refined 
FLC

State 
estimation

SOH=threshold?

Yes

No 
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Fuzzification
interface

Fuzzy 
inference 

engine

Control rules

Defuzzification
interface

Confidence 
factorsRULfc





GA optimization result for case 1

S1 
S2
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S1 S2

Ifc_ref
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GA optimization result for case 2

GA optimization result for case 3

S2S1 

S1 S2

Ifc_ref
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Ifc_ref

MF

GA optimization result for case 4

GA optimization result for case 5

GA optimization result for case 1

S1 S2

S2S1 

S1 S2

Ifc_ref

MF

Ifc_ref

MF

Ifc_ref

MF

GA optimization result for case 2

GA optimization result for case 3

S2S1 

S1 S2

Ifc_ref
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Ifc_ref

MF

GA optimization result for case 4

GA optimization result for case 5

GA optimization result for case 1

a
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S1 S2

S2
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Ifc_ref
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GA optimization result for case 2

GA optimization result for case 3
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GA optimization result for case 4

GA optimization result for case 5
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Maximum epoch?

Maximum batch?

Epoch= Epoch +1

Batch=Batch+1

Input testing dataset

Output RUL predictions

Pre-processing

Training SDA

No

No

Yes

Yes

Te
st

in
g

da
ta

Trained model

Raw data

Data filtering

Normalization

Prepare training and testing
datasets and set RUL labels

Build SDA architecture

Batch= 1

Epoch= 1

Unsupervised learning phase

Back propagation fine-tuning

Weights and biases update

Layer= Layer +1

Maximum layer?

Yes

Training data

No

Model testing
and output RULs

Evaluate prognostics results Evaluation






















































































