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Case study: Power system protection

Isolate the faulted section to protect the other parts from the impact of the fault

Goal and requirements

« 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)
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Power system protection is the last line of defense when equipment is physically endangered due to a fault event or

operating conditions being out of acceptable limits
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Goal and requirements

» 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
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Power system protection is the last line of defense when equipment is physically endangered due to a fault event or
operating conditions being out of acceptable limits
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Power system protection — Improve tripping of relay in overhead HITACHI

transmission line

Inspire the Next

ML solution case study

Requirements:

Priorities (order or preference):

> trip
Fault detection within a few samples after —
—>
occurrence of fault 1/0

Reach setting (protected zone) information
Binary decision of trip (1) or restrain (0)

Operate under 4.8kHz real time system e —— =i

Decision made based only on past samples i — —— —
Decision made for each time-sample

Settings:
- Line parameters
- Reach setting

High dependability (no false positive)
High speed (~ms)

High security (no false negatives) _ _ _
Data imbalance depends heavily on this

ML model requires to make a binary decision every sample if circuit breaker should be tripped
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ML for protection - Why is it challenging?

Example case

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=1.45ms
- Mal-operation

Fault
outside

protected
zone (e.g.,

ina

neighboring

line),

should not

trip this

relay

10

HITACHI

Inspire the Next

0.8 -

0.4 4

0.2 1

0.0

m— fault start time
—— black box model decision output
=== decision threshold

False trip

150

0.0

1.0

count

1.6 4

144

124

104

0.8 1

0.6 1

0.4 1

0.2 4

0.0

le7

200

0.0

1.0

210 220 230 240

Left: reach setting range (0.0 — 0.33)
Right: reach setting range (0.67 — 1.00)

Trip: red
Restrain: Blue

Power system protection require to solve causal and temporal problem of high-stake decision making

Public
6 © 2023 Hitachi Energy. All rights reserved.

@ Hitachi Energy



ML for protection — simulation setup and dataset

50000 cases, 27 features, 576 time-samples
sys_b_r0 [Ohm]

I?ne_len: [km] ey b 11 [ohm]
Simulation setu line_r0: [Ohm/km] DI
P line_r1: [Ohm/km] sys_b_sir: [pu]
line_x0: [Ohm/km] zﬁ_g_ﬁ %82%
line_x1: [Ohm/km M AL
Iine:cO: %F/km] | sys_b_z0z1_ratio: [pu]
line_c1: [F/km] load_angle: [deg]

d'Rline

d'Xline (1 - d)'Rline(d - 1)'X|in

sys_a V_nom: [V]
sys_a r0 [Ohm]

ec() -

sys_a rl [Ohm] Euea(t)
sys_a_sir: [pu] ” Vag(t) fit_angle: [deg]
sys_a_x0: [Ohm] = flt_detection_time: [samples] =
sys_a_x1: [Ohm] Protection relay input: flt_location: [pu]
sys_a_z0z1_ratio: [pu] insc(t): [A] = flt_r: [Ohm]
Vasc(t): [V]
line_r0: [Ohm]
line_rl: [Ohm]
line_x0: [Ohm]
line_x1: [Ohm]

reach_setting: [pu] (default 0.7)

Operate if flt_location < reach_setting as fast as possible after fault detection
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Going beyond resampling for reducing data imbalance HITACHI
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U State-of-the-art resampling methods provide ways to up / down sample minority / majority class representation
O Usually, they are suitable for independently and identically distributed data samples
O hyper-parameters (e.g., stopping criteria) that need to be relearnt for each use case
O They are costly and slow for extremely skewed imbalance

U Time series data with power system protection has more acute degree of imbalance in the time dimension
U Causality needs to be respected; sequential decision at time steps
U Decision has to be fast and accurate

U 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
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