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Relay feedback excitation for identification of fuel cell low 
frequency resistance3 =  impedance at: 
• Add filter d(s) such that  
• Filter                            =>                                when 
• The filter can be partitioned in to pre- and post-filers e.g:

• Bias estimator for handling of slow voltage drift must be included
• Require access to DC/DC in FC system for setting fuel cell current
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Relay feedback creates quickly a stable 
limit cycle at critical frequency of H(s)

Gain                can be obtained from data
Result can be used e.g. for PID tuning

Recorded EIS curves  from long term test  (ref FESB)  

From simulation data:

Full stack test

The                                     EU-project:
• Building Hydrogen Fuel Cell range extender for heavy duty transport
• Diagnostic, Control, Performance and health monitoring for fuel cells

Case introduction:
Fuel Cell Impedance – electrical equivalent model Z(s): 

LFR - A dynamic parameter for ageing indication1:
• The low frequency resistance (LFR) at the intercept where 

increases with ageing.
• Challenge: How to identify LFR in a running FC application!

( ) 0Z jω∠ = °

Alternatives for on-line identification: 
• Electrochemical impedance spectroscopy (EIS)  – use in lab only
• Fixed frequency excitation in relevant range   - feasible, tested
• Phase locked loop - feasible
• Relay feedback excitation – studied here

Relay feedback excitation2

180( ) 180HH jω∠ = − °

( ) 0Z jω∠ = °
( ) ( ) ( )H s Z s d s=

2( ) 1/d s s= 180( ) 0HZ jω∠ = ° 180( ) 180HH jω∠ = − °

1
1 2 2 2

1

11 1( )* ( )( ) *
1

Td s d ss d s
s sT s+

=
+

= =

180( )HH jω

Bias Estimator

Relay feedback loop

• Bias estimation is based on simple 
adaption by a gradient method

• Data can be post processed for more 
detailed analysis

Testing on a full stack:
(ElringKlinger) 

• Tests have been carried out at a 
set of fixed frequencies and with 
the relay excitation. 

• The key parameters can be 
estimated from data

• Post treatment by Fourier series 
analysis 

Conclusion: 
• Relay feedback excitation can be applied in common FC control systems 
• Simple to implement, robust to noise, quick convergence

• Single cell simulation  
Simulink model

u: voltage, i: current,
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