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• Speed – isolate fault as soon as possible 

in order to limit equipment damage

• Selectivity – isolate only faulted section 

of the power system

• Sensitivity / Security – isolate every 

fault

• Reliability / Dependability – only act 

when appropriate (be insensitive to typical 

operation events OR faults in close 

vicinity but that should be cleared by 

other breakers)

Case study: Power system protection

What can go 

wrong?

G

G

Internal fault

Bushing explosion

Internal fault

Power swing

Phase to ground fault

Phase to phase faults

Broken wire

Intermittent earth fault

Permanent earth fault

broken wire fault

Acing earth fault

Busbar fault

Circuit breaker failure

Isolate the faulted section to protect the other parts from the impact of the fault
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• Fault detection within a few samples after 

occurrence of fault

• Reach setting (protected zone) information

• Binary decision of trip (1) or restrain (0)

Requirements:

• Operate under 4.8kHz real time system

• Decision made based only on past samples

• Decision made for each time-sample 

Priorities (order or preference):

• High dependability (no false positive)

• High speed (~ms)

• High security (no false negatives)

Power system protection – Improve tripping of relay in overhead 
transmission line

ML fault reach calculation

iabc

vabc

ML 

model

Fault detection trip

Settings: 
- Line parameters

- Reach setting

Data imbalance depends heavily on this

1 / 0 
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ML model makes a decision if a 

transmission line should be tripped

Machine learning: sequential decision 

using only past samples at each step to 

decide if circuit breaker should trip a 

fault within protected zone

- maintain causality; no peaking in the 

future samples 

- 0.x % error (MSE)

- 99.x % accuracy

- Degree of imbalance depends on reach 

setting

- False positive more detrimental than 

false negative

Power system Protection:

- Speed = 1.45 ms

- Mal-operation

ML for protection - Why is it challenging?

Fault 

outside 

protected 

zone (e.g., 

in a 

neighboring 

line), 

should not 

trip this 

relay

False trip

Left: reach setting range (0.0 – 0.33)

Right: reach setting range (0.67 – 1.00)

Trip: red

Restrain: Blue
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ML for protection – simulation setup and dataset

EA

XsysARsysA d·Rline d·Xline (1 – d)·Rline(d – 1)·Xline XsysBRsysB

vABC(t)

iABC(t)

esysA(t)

esysB(t)

EB

sys_a_V_nom: [V]

sys_a_r0 [Ohm] 

sys_a_r1 [Ohm] 

sys_a_sir: [pu]

sys_a_x0:  [Ohm] 

sys_a_x1:  [Ohm] 

sys_a_z0z1_ratio: [pu]

sys_b_r0 [Ohm] 

sys_b_r1 [Ohm] 

sys_b_sir: [pu]

sys_b_x0:  [Ohm] 

sys_b_x1:  [Ohm] 

sys_b_z0z1_ratio: [pu]

load_angle: [deg]

flt_angle: [deg]

flt_detection_time: [samples]

flt_location: [pu]

flt_r: [Ohm]

line_len: [km]

line_r0: [Ohm/km]

line_r1: [Ohm/km] 

line_x0: [Ohm/km] 

line_x1: [Ohm/km] 

line_c0: [F/km]

line_c1: [F/km]

Protection relay input:

iABC(t): [A]

vABC(t): [V]

line_r0: [Ohm]

line_r1: [Ohm]

line_x0: [Ohm]

line_x1: [Ohm]

reach_setting: [pu] (default 0.7)

50000 cases, 27 features, 576 time-samples
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❑ State-of-the-art resampling methods provide ways to up / down sample minority / majority class representation

❑ Usually, they are suitable for independently and identically distributed data samples

❑ hyper-parameters (e.g., stopping criteria) that need to be relearnt for each use case

❑ They are costly and slow for extremely skewed imbalance 

❑ Time series data with power system protection has more acute degree of imbalance in the time dimension

❑ Causality needs to be respected; sequential decision at time steps

❑ Decision has to be fast and accurate

❑ We are looking for a methodical approach to address efficient reduction of imbalance in time series data to successfully render fast 

and accurate decision 

Thank you

Going beyond resampling for reducing data imbalance
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