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15™ IEEE INTERNATIONAL WORKSHOP ON
APPLIED MEASUREMENTS FOR POWER SYSTEMS

The workshop deals with all the aspects reloted to measurement applications
N Nnow power systems and networks (Smart Grids) and has the main goal of
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will be checked by the Technical Program Committee. Final papers may be
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occepted for presentotion ot the Workshop
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* EMERGING POWER SYSTEMS REQUIRE NEW PARADIGM FOR CONTROL

* MEASUREMENT PARADIGM IN POWER SYSTEMS: LOSSY COMPRESSION

*  MEASURES FOR VARIABILITY. INFORMATION LOSS. GOODNESS OF FIT

* HIGH REPORTING RATE MEASUREMENTS

* APPLICATIONS: POWER PROFILES, FREQUENCY, NET POWER FLOW VARIABILITY

* ELEMENTS OF DATA ANALYTICS AND FORECASTING BASED ON OUTLIERS
FILTERING (AS A FUNCTION OF VARIABILITY)
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X EU Clean Energy

Transmission network ..
Transition

* Big Data
* Data Analytics
* Optimal planning

—
—

7Tl ENERGY
s {1 STORAGE

Energy
harvesting g
: :
DER I Power ' - , Energy vs.
A _eliction_ics_ '_' 0|ert|a9 lower time constants D Ga G
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IEEE { GAME CHANGERS. NON-CONTROLLABLE, INTERMITTENT GENERATION. STATIC
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Active Power [W]
2 3 @ 3

J=E

Storage

DC Bus

AC low

voltage grid i L.
1 mmen | © E:::Z fh*/ \ /1
l L j:ggw 1215 1230 1245 13
- . . . .. .
ﬁ ' ¢ site based energy harvesting—> lower inertia in the AC grids
% N e Discrimination between steady-state and dynamic operation
Heat Pump becomes difficult

e control € real-time measurements & accurate estimation

e office appliances: DC native loads or DC compatible; e
of load flexibility

e Higher efficiency of the energy transfer at higher
—  frequencies

e planning € accurate load/generation profiles estimation
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Periodic signals ar represented by only a few parameters -> lossy uty
information compression . -
; \/\ / \,
eAmplitude U, peak-to—peak value u,, PN
. T+t0 1 J N+k 1
emean value: u=— ju(t)dt Uk——>< a U[J]
j=k The measurement paradigm

in power systems:
[hidden!] data compression

" 1 j:I\c|>+k-1
_Y U= |=xa uvlj]
eroot mean square vaIue; rms: ) = > N e
j=
rms reported @ 3s: waveform, sampling @ 150 kHz /
1 min, 1 min, :
1 channel, 1 channel,

1 measurand: 40 Byte 1 measurand: 120 MB

High Reporting Rate Measurements for Smart[er] Grids I_P I E E E
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* by averaging the measurement result, the message becomes less sensitive to measurement errors;
 However, there is a lack of significance of the quantity at the end of aggregation process:

» the decimation introduces an additional uncertainty which is associated NOT with the
measurement but with the meaning of the resulting quantity;

* this error can be related to the “adequacy’ of the information [output message] to the model (of
the physical system) = definitional uncertainty, an estimate of the semantic noise

Measurement: - u}%M
. . . _ 2 * 2. *
information compression u = \/(u M) +(uRM) ) URMm™= N uy, : model/definitional

(and coding) uncertainty

Upyy : Uncertainty
______________________________________________________________________________ associated with the
measurement value;

- i aggregation L1 .
5 aggregation LO gereg Uy UNCertainty
P i B | 5 | J& s j& x| & dn] associated with the
x(t) _ x[n] = Grms g[n] : reported aggregated
. \LP filter A/D m-rms ymessage measurement value;
Measurement device signal distortion

High Reporting Rate Measurements for Smart[er] Grids ' I_P I E E E

Montevideo, 27 February 2025 1 Seccion Uruguay
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Synchronized
measurements

WAMCS

advanced
measurement
systems (and data
communication)

loT

Non optimal control of the energy transfer

Lossy algorithms

Unknown aggregation

High Reporting Rate Measurements for Smart[er] Grids
Montevideo, 27 February 2025

Seccion Uruguay
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energy consumed on ..15.05.2020 has been 5.351kWh . Std_a 99interval
| Typical information loss: | 22MB/day, as .txt lnfo_lOSSinterval B P1 day
15/1h-> 140% 1.2 MB/day as .zip mean
S 1s/10min—>102% 1
1s/1min—>30%
2500 | energy consumed on ..27.05.2020 has been 10.38kWh
4000 T T T T 3
% Typical information loss:
g Ao 0 | 1s/1h-> 113% |
% Radu Pldméanescu, Mihai Valentin 1s/10min—>87%
v Olteanu, Viorel Petre, Ana-Maria o0 L 1s/1min—>64% |
Dumitrescu, Mihaela Albu,
1000 "Knowledge extraction from highly-
variable power profiles in university Egm i |
500 - . campus", U.P.B. Sci. Bull., Series C, rg
i Vol. 84, Iss. 4, 2022 ;9000 r T
00 5 10 15 20 E
time[h] 1500 - ]
- A
lday _ ICY 1Pl d . — Z(Px_Pa’) 2 =
Pmean — T std_agYinterval = N
500 | H L
Grigore Stamatescu, Mihaela Albu, Mihai Sanduleac, "Residential Smart
Meter Energy Time Series: Active power measurements with 1s reporting c L
rate", IEEE Dataport, doi: https://dx.doi.org/10.21227/3yea-xm39. ¢ 20

time[h]

High Reporting Rate Measurements for Smart[er] Grids : LP I E E E
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EXAMPLES OF LOAD PROFILES
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T setEr METRICS FOR SIGNAL VARIABILITY ASSESSMENT AGAINST A CHOSEN MODEL

VAE — i=1l% —yil _ Xizaledl MSE — Yo (o — yi)?
n n n
n(x; — ;)2 _ 1\/ L G=yi)?
=1 e
RMSE = [%=-= = = JMSE CVRMSE) =5 7=

2
MAPE = 100y |@| RZ = 1— i=1 (i — i) MASE = —24F

=1 . — —yn -
" i i=1 (i —¥)? i Tyl
100 © i N
B Z Xi — Vi D ) TN i D T
MSPE_T,lx—i‘ xi=Pi;yi=y=f;yi= 1:7;5 =Yy
1=

y; — estimate/model value
x; —measured value,
N — number of measured values available during the analysis window T,,,
The coefficient of variation of RMSE - CV(RMSE) normalizes the root mean squared error value using the model value. The coefficient of determination RZ?is a
metric used to assess the predictive capability of a linear regression model. It indicates the normalized measure of how well the model fits the data.

High Reporting Rate Measurements for Smart[er] Grids ‘ LP I E E E

Montevideo, 27 February 2025 Seccion Uruguay
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The identification process for the parameters that characterize a deterministic signal is equivalent to
a matching mathematical problem also known in the statistic science field as the goodness of fit.
Goodness-of-fit: a statistical test that determines how well a system fits a set of observations. The
metrics are usually calculated based on the differences between the observed and the expected

values according to the model. X
GoF = 20lg .
1 n 2 _ Dizalx — il
—Z._ (x — y.) MAE =
(n —_ m) =1 l l n
o MSE = Y (= y)?
r “‘ Harold Kirkham , Artis Riepnieks,— n
“Dealing with Non-Stationary Signals:
o5 g T Definitions, Considerations and Practical n(x; — y;)?
s Implications”, IEEE PES GM 2016. RMSE = |==1 T‘l Y =+/MSE
=

al )_, "
1'50 u.clms u.lm DE‘ME D.L}Z 0.0‘25 0‘03 G4500 BIaCkBOX n )2
Timp(s] (Elspec) Rz — 1 _ 1_:1(xl }il)z
N,,=128; N,,=1024; T,=10 min i=1(yi =)

High Reporting Rate Measurements for Smart[er] Grids * I_P I E E E

Montevideo, 27 February 2025 Seccién Uruguay
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Metrics Values for phase | Values for phase | Values for phase | Reference
3 value

N,,=128;

MAE[V] 25.493

Amplitudine[V]

. MSE[VA?2] 853.452

N,,,;=128; N,,=1024; T,=10 min

Metrics Values for phase | Values for phase | Values for phase | Reference
N,.=1024 value

8.255 7.663 67.824 0
91.371 80.094 5840 0
9.558 8.949 76.419 0
0.043 0.0378 0.345 0

?:1(951' —¥;)?
n

1
CV(RMSE) = -

1 C — )2
?:1(371' - )_})2

R?=1-

Anca BRINCOVEANU, E. FIORENTIS, R. PLAMANESCU, Ana-Maria
DUMITRESCU, Mihaela ALBU, Signal Model Adequacy Indicator for
Power Quality Monitoring, International Workshop of
Electromagnetic Compatibility, CEM-2022, Suceava, Sept. 2022

High Reporting Rate Measurements for Smart[er] Grids @ I E E E
Montevideo, 27 February 2025 Seccion Uruguay
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mrerereseas - [MJETRICS FOR POWER PROFILE VARIABILITY — LOW REPORTING RATES

n 2
1 7{"= (x;—yi)? 2 =1(xi _ yl)
CV(RMSE):?\/ K A
=
Sy Pio o _ St P

xi =Py yi = Y—T;Yi=T=7

GoF = 20lg

y; —model value x; — measured value,
n —number of measured values available during the analysis window T..
m - number of parameters estimated in the equation; (n-m) is the residual degrees of
freedom ; X is the signal amplitude

High Reporting Rate Measurements for Smart[er] Grids LP I E E E
Montevideo, 27 February 2025 Seccién Uru
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IMETRICS FOR POWER PROFILE VARIABILITY —
EXAMPLE OF A HOUSEHOLD POWER PROFILE AND PV

Power Consumption

Metrics for active power profile for T,.= 15 minutes

3500
Power Consumption
Mean value ot power tor T = 15 min R2
3000 - p . | NR. TIME MAE MSE RMSE CV(RMSE) MAPE MSPE MASE
Mean val I8 cer for T =30 mi
can vatue of pawer for T, T T, 00:15  5.09E+00 3.49E+01 5.91E+00 2.62E-02 1.23E-03 1.59E-06 -1.21E+01 3.11E+00
2500 | | Tyy 00:30  3.20E+00 2.02E+01 4.49E+00 1.99E-02 1.35E-03 6.55E-07 -6.56E+00 1.96E+00
Tys 00:45  2.13E+01 1.07E+03 3.26E+01 1.45E-01 5.41E-02 6.05E-05 -3.99E+02 2.21E+00
Tys 01:00 ' 6.31E+02 4.26E+05 6.53E+02 2.90E+00 1.94E-01 2.30E-02 -6.90E+00 1.36E+00
Ezooo Tys 01:15  4.80E+00 3.15E+01 5.62E+00 2.49E-02 3.74E-03 4.81E-06 -1.08E+01 2.94E+00
5 Tre 01:30  3.15E+00 1.52E+01 3.90E+00 1.73E-02 2.34E-04 1.75E-06 -4.71E+00 1.93E+00
2 1500t _ Ty 01:45  4.35E+00 2.70E+01 5.19E+00 2.31E-02 8.17E-04 3.02E-06 -9.11E+00 2.66E+00
51
Tz 2345  3.36E400 3.24E+01 5.69E+00 1.20E-02 3.96E-04 3.74E-07 -9.25E-01 8.19E-01
1000 F ) [ Teoe 7240007 2.39E+00 1.05E+01 3.25E+00 6.83E-03 4.00E-04 1.42E-07 3.75E-01 5.83E-01
500 1
Anca Petruta Brincoveanu, Radu Plamanescu, Ana-Maria Dumitrescu, Irina Ciornei —
0 ‘ : : : L . . . .
0 2 3 4 5 6 7 8 9 “Assessment of Power Profiles in LV distribution grids”, The 8th Intern. Symposium on
Nr. points <10 Electrical and Electronics Engineering, Galati, 26-28 Oct. 2023
300 : Powelr Genel:atiun . .
Power Generation
Mean value of power for Tr =15 min
700 - Mean value of power for T = 30 min | M t - f t- f- I f T — 30 1 t
EWriCS 10r active power protiie 1or 1, minutes
2
R. IME
N T MAE MSE RMSE CV(RMSE) MAPE MSPE R MASE
500 - 1
= Ty 00:30 4.84E+00 4.40E+01 6.63E+00 4.06E-02 1.98E-03 2.19E-04 -1.55E+01 2.95E+00
5400 i T 01:00 1.20E+01 5.45E+02 2.33E+01 1.43E-01 5.33E-02 5.94E-05 -2.03E+02 2.13E+00
z Tys 01:30 4.09E+02 2.77E+05 5.26E+02 3.22E+00 1.15E-01 1.34E-02 -1.32E+01 1.76E+00
* ol | T 02:00 3.87E+00 2.38E+01 4.88E+00 2.99E-02 3.80E-04 5.28E-06 -7.92E+00 2.37E+00
Tys 02:30 5.59E+02 3.85E+05 6.20E+02 3.18E+00 3.84E-01 7.89E-02 -5.25E+00 1.59E+00
00l | T 03:00 4.29E+01 2.40E+03 4.90E+01 2.52E-01 5.30E-03 6.11E-04 -6.32E+02 1.87E+01
" Ty, 03:30 6.37E+00 7.06E+01 8.40E+00 4.31E-02 1.45E-03 2.54E-06 -1.76E+01 3.24E+00
T 04:00 3.72E+01 1.52E+03 3.90E+01 2.00E-01 1.38E-02 1.36E-04 -4.00E+02 1.91E+01
100 - 1
T 23:30 1.84E+02 3.59E+04 1.90E+02 4.62E-01 1.62E-02 4.60E-04 -2.13E+03 3.52E+00
o . . . . .
p S B Y 5 p ; " 0 [T 24007 5.63E+00 5.06E+01 7.12E+00 1.73E-02 9.99E-04 1.24E-06 -2.01E+00 1.37E+00
Nr. points 1ot
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Define /select the model of the power profile

Pi=0,% = Ppax, (V) i =T1,n,n=T./Ty Y =S = P < Py, (V) i = T, n =T, /T,

P; -corresponds to a real power profile data, P; < P, < Pogx

n

b GoF = 20lg Finax -0 I | P P
B 0 < GoF = 201 max =20 [g—2&
\/(n i 1) z:?=1(0 - Pmax)2 < Go g 9 Std(Pi)

\/(n—il)Z;'Ll(Pi - ﬁ)z

P; = constant = Py, ¥, = Py, (V) i =1,n,n=T./Ts. | | p. -corresponds to the real power profile obtain with a sampling

rate fs, P; < Py < Puaxs ¥ = Prax, V)i =1,n,n =T,/T.

I P,
GoF = 20lg - —=
ST

LV circuit with B, /P,,,4, = 0.77,
GoF is 12.73 dB.

- Pmax)2 P
GoF = 20lg - —

\/(Tl _ 1) Z?:l(Pi - Pmax)2

High Reporting Rate Measurements for Smart[er] Grids - I_P I E E E
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Load power profile 01.03.2023 iR ____GoF for daily power profile |
8000 l Daily ]Ioad power ;?rofile ] 1 o GoF for 1 frame/s
Power 124 © GoF for4 frame/h |
2000 - mean value of Power for T_= 15 [min] | _ e
122 | 7
6000
12 | g
5000
g _18r 1
g 4000 - 5
5 % L6 1
3000 | - 0 e
114 i
2000 |-
112 F A
1000 |-
31 F
0 L 1 1 1 1
0 5 10 15 20 24 108t 8 e 8
Time [h] '
10.6 :
T.=2h,T,=24h 0 5
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Daily GoF classified with one single value

March 2023
Pmax n
GoF* = 20lg — = i1 Pij .
7 | J maxl P] n J =Lk . GoF for mouthly power profile
' 1 ' ' ®
Pj Is the daily average of the recorded load profile

Al

T.=24 h, f, = 1 frame/s, T, = 31 days |

Monthly GoF classified with one single value 15 P
O, @
Pmax E
GoF™ = 20lg : 1t o
— 2
\/m ¥1(P; — Prax)
O HoTi g
@
@ .. ®
— Y Pyj " »
== =1k GoF** =0.25dB | ®e eevcecee oo " e00 L0t
5 10 15 20 25 31
Time[days]
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mnaee — CV(RIVISD) FOR POWER PROFILE VARIABILITY

T,=2h

CV(RMSD) for daily power profile

CV(RMSD) [%6]

10 T
or rame/s Da 5 -
of p | B SmeT ¢ min median max
ol | 1/3/2023 0.13 0.73 908
o o
.| O 2/3/2023 0.18 1.76 8.15
T .l 3/3/2023 0.10 2.19 8.41
3 . 4/3/2023 0.15 1.07 7.64
g | 5/3/2023 0.12 0.40 7.78
2 © o 6/3/2023 0.04 0.39 7.39
3
o - o 7/3/2023 0.15 1.56 7.51
| |
A 4
- ° 8 a8 30/3/2023 0.14 3.44 8.50
% . ?—, 10 5 2 2 31/3/2023 0.12 1.12 7.55
Time [h]
T.=2h, f, =1 frame/s, T, =24 h 1 |3 (x; — y,)2
CV(RMSD) = — |[==12 2
T.=2h, f, = 4 frames/h, T, =24 h Yo n

High Reporting Rate Measurements for Smart[er] Grids L@ I E E E
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T, = 15 minutes

CV(RMSD) for daily power profile

T T

CVRMSD [%]

DE)
T—= y min median P95 max
6 g 1/3/2023 0.01 0.11 5.32 7.69
. ¢ _ 2/3/2023 0.02 0.17 478 7.46

*

3/3/2023
17/3/2023 0.01 0.12 - 7.83
° - 29/3/2023 0.01 0.14 4.93 _

L ot oA capdewpndonh . | 30/3/2023 0.00 0.11 4.60 7.71

0 5 10 15 20 24
Time [h] 31/3/2023 0.01 0.11 5.74 7.57

0.11 5.54 8.19

CV(RMSD) [%]
¥ =S
3
[ ]

N
]
@

-
T

w

fs = 1 framels, T, =24 h
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mnaee — CV(RIVISD) FOR POWER PROFILE VARIABILITY

T,.=2h T, = 15 minutes
CVRSD)

O
QD
<

S
<

min median max min median P95 max

1/3/2023 0.13 0.73 _ 1/3/2023 0.01 0.11 5.32 7.69

2/3/2023 0.18 1.76 8.15 2/3/2023 0.02 0.17 4.78 7.46

4/3/2023 0.15 1.07 7.64 _
5/3/2023 0.12 0.40 7.78
| 532023 | 17/3/2023 0.01 0.12 - 7.83
7/3/2023 0.15 1.56 7.51

— 29/3/2023 0.01 0.14 4.93 _

30/3/2023 0.14 3.44 8.50 30/3/2023 0.00 0.11 4.60 7.71

31/3/2023 0.12 112 7 55 31/3/2023 0.01 0.11 5.74 7.57

fs = 1 framels, T, =24 h
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Analysis of frequency in case of generation loss caused by lightning

e s
At S e
i w8

— ¥

05:34:08 650
053408 000
212 054030

? 053400 0
22 0540 w0

L. Toma et.ot., Frequency analysis in the Romanian
power system under large perturbations, Proc. of 55th
Universities Power Engineering Conference (UPEC 2020)
— Torino, Italy, 1-4 September 2020
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|I|I|I|I|I|I|I|ISOCIETY®

e Cernavoda Nuclear Power Plant 2 x 700 MW

CNPP_ev1l: 1%t June 2017
* One unit was under planned maintenance (half
inertia available)
* Sudden full disconnection of the unit (no inertia
remained)
* The instant of perturbation:
= 18% wind generation
= 17% power export

CNPP_ev2: 16 August 2018

* Both units in operation

* Sudden full disconnection of
the unit

* The instant of perturbation:

=  4.4% wind generation
vars: 37 L. Toma, M. Sanduleac, M. Albu, C. Diaconu, = 6% power export

C. Stanescu, Frequency analysis in the

Romanian power system under major grid

disturbances, CIGRE e-Session, 2020

High Reporting Rate Measurements for Smart[er] Grids . LP I E E E

Montevideo, 27 February 2025 Seccion Uruguay
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& MEASUREMENT = IMJETRICS FOR FREQUENCY VARIABILITY - WAMSC

e G
Frequency variation during the first event, in 4 different nodes of the Romanian B e S
transmission system, for T =10 minutes. Further we analysed the signal with the s i el > Vol
hlgheSt variabil Ity (nOde ]XJZOZ. Frequency signal during the event m_ﬁ’ "-:; : “j |
= =
50.02 | A
50 M‘"l‘g‘md ) f‘ :2 | TW: 1S TW: 200mS
N AV PN
_ 48] Y " Wﬂ i
% 49.96 - “-"4;7 Y il CV(RMSE) R? CV(RMSE) R?
g i 4 4
§ 19,8 \ I )r - 7.92E-06 0.9999 - 3.71E-06 1.0000
’:\/l' %Bﬁ.ncoveanu' £ (RIS, 2 - 49.92 J 0 - 6.21E-06 1.0000 - 1.96E-06 1.0000
. Dumitrescu and M. M. Albu,
"Assessing Frequency Variability 499 . | - -
Using Long Term High Reporting '
Rate Measurements," 2023 Intern. 49.88 - | 319 B 0.9975 876E-06 0.9923
Conf. on Electromechanical and '
Engrgy Systems (SIELMEN), AR . . : ; ‘ - ) -
Chisinau, Moldova, 2023, pp. 1-6 o 100 200 300 400 500 600 m 176606 09999 “ L60E0S 10000

Time [s]
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& MEASUREMENT = IMJETRICS FOR FREQUENCY VARIABILITY - WAMSC

e

Frequency variation during the second event for T, =10 minutes.

50.04
50.02 N
_—
_. 50F ]
N
I T T T T T T T T T
g 1" 1
€ 49.98 - '
) |
] |
g |
I 0.5- ‘ |
49.96 - |
O - - A
N
49.94 - X
5
Q
2-05
49.92 | | | | | | | | |
113 113.5 114 114.5 115 115.5 116 116.5 117 117.5 118
Time [s] Al | 1
Il
1.5 n
L | L | 1 1 1 1 1
113 113.5 114 114.5 115 115.5 116 116.5 117 117.5 118
Time [s]
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METRICS FOR FREQUENCY VARIABILITY - WAMSC

To better highlight the frequency variability: analyse the difference between the signal f; and a selected
signal (model) for the case of pattern timeline of the T, =1s. The selected pattern f,,,,4¢; is described by:

kNW T * .
fk - N ’ — 4, w — T - )
w PMU
Af*model - ﬁ fmodel
Frequency
Freaimboy modal i Metrics CV(RMSE) for T_= 10s Metris R? for T, =10s
50.02 Frequency measured 118 7 T T ! ] T T T T T 1.001 T T T
50 F Frequency deviation from model | 16 E @
= 61 1 19 ° ® ® ® ° @ ®
49.98 M 14 8
.. E
T 49.96 - 12 ¢ 5¢ - 1 0.999
L o
> 49.94 L 13 & o
S o war 1 0998 F
c%49.92 08 g = ¢ ®
L <D ; - - =
L 499 {06 2 oA 0.997
O
;=
49.88 | 104 9 | | |
TW :15 (]SJ- 2 0.996 °
49.86 | 102 &
1r . 0.995
49.84 -——~—'~\/—/ﬂ 0 .
® @ ®
49.82 : : : : : . : . : -0.2 P A . ‘ . P 9 s W 0.994
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0

Time [s] Time [s]
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Frequency %
T T T T T T _ T NW
Frequency model TW _200 ms _ w e, * ZN k—1)+1 fi
50.02 | Frequency measured 11.8 NW —_ T — 5, fk = W( ) ) k = 1’50
50 w Frequency deviation from model | | 16 § PMU NW
49.98 | 114 3
g
w7 49.96 [ 112 ¢
L )
24994 1 H y T
E S
249921 108 8
o @
L G o
499 0.6 (>)‘ Metrics Rz for Ta =10s = 10.4 Metrics CV(RMSE) on Ta =10s
49.88 loa § y r ' ' . . . : 14 : : : :
I 2 1004f
@
4986 + 102 & 12+ ]
A\ 1.002 | .
49.84 0
| ©960868C360008 060IIEEEAUIROIBEREOOBLHBOSEOIIGRE 10 . ' 1
49.82 : : : : . : ' : : 02 .
0 1 2 3 4 5 6 7 8 9 10 0.998 F | sl Y ]
Time [s] w ®
o 0.996 e R S
® e o 1
0.994 - 13
A . . . 2 4r 1
A. P. Brincoveanu, E. Fiorentis, A. -M. Dumitrescu and 0.992 ; L9 o °
M. M. Albu, "Assessing Frequency Variability Using Long - i 2t 5 ]
Term High Reporting Rate Measurements," 2023 Intern. o
Conf. on Electromechanical and Energy Systems 0.988 | 1
(SIELMEN), Chisinau, Moldova, 2023, pp. 1-6, o ! | L { ! | ! ! ! !

Time [s]
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& MU REMENT. METRICS FOR POWER FLOW VARIABILITY - WAMSC
o i ]

iret Stancal Costesti
uceava S » Energy export —
Cpassssssses

Balti

N 2
CV(RMSE) = Zi:lgf; ) =
Y w
<
0.06 . . : : : 0.25 :
0.08 ' ' ' [ / 0.25
) —_—
005 I~ 005+ 7 ] 02 [~
02
0.04 - -
0.04 - - . B
—_— w o L To15+ 1 4
" Lo03- . m 0.15 4
%] = Q g
- — >
E 0.03 002k ) 7 S 01F 1
3 S 04l 1
0.02 - 0011 7 _ 0.05 - 4
%0 112 114 116 118 1:;0 122 124 126 128 130 0.05 - 0 ‘ — ‘ . ‘ ‘ —— — .
0.01 110 112 114 116 118 120 122 124 126 128 130
\_} Timp [s]
" TR P A ‘ ! J r g ! 0 i 1 . e, | bt A ;e | La
00 100 200 300 400 500 600 700 800 900 0 100 200 300 400 200 600 700 800 900
Timp [s] '
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METRICS FOR POWER FLOW VARIABILITY - WAMSC

@ =<
Pt - PlL)
rocop(t;) = g
T,
1
100 | 500
—_—
50 - = 0
500
0
-500 -~ 0
_ g
= -50 2 = 500
= %—1000 - 2
oy 2. 1000 -
8-100 - g 8 g 1%
2 = ° g
H -1500 -1500 -
-150 g _
. -2000 -
200 - | | -2000
— -2500 : !
— v B wss w4 mas w5 mes  me  mes  wr wrs e k‘jﬂs 135 T4
_250 ! ! ! ! ! ! Timp (=] L 2500 - I L |
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400
Timp[s]
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& MEASUREMENT

e [ANOTHER] EXAMPLE OF DATA ANALYTICS

Voltage evolution N17- 1 second, 1-min, 15-min and 60-min

—> fusion of data recorded at significantly different reporting T ey T
. . . 230 - 1 L an -
rates = increase the situational awareness L L bl ...,m”'f. — e
223 ! i b vy WL At 1I' i) Wi e 7
. T il il Tiby il I’L l[lJI i 1-h “’-ll!
—>framework for knowledge extraction from HRR data. The s ‘ Ik | 'y it f,‘ﬁl ! h 4
process takes place at smart meter level = to increase the E sl ' u.r i j -
accuracy of the monitoring tools for distribution power grids L
by using statistics (the percentiles - e.g., p95 and p99 and I
the cdf) able to capture system dynamics relevant for S S S S S S S
network diagnosis. Hb \
: : Voltage evolutlion N17-1 secolnd, 1-min, i 5-mlin and 60-min : .
>k © 25 0 25 o se1bmn? ostomm? N10 = . ot
o T e N @[0! il il WVW .
I = e b zz_ W m MTFMJ h_,_»rrj |
PV.NS Ld.NS N8 Ld.NB : PVIN1O N10 sess ‘ r o v
leff;"mz N6 osotmmi N7 eiosmmt  NIL maﬁg:m N12 oiion,: N16 %m MWW lﬁﬁ ML ,J |
() Linii-3 2 5o ; L 1= .
e T1 D‘ "SR 214 | nJ J u ::-smr::n _
A PVNE  Ld.NG Ld.N7 PVIN11 Ld.N11 PVN12  Ld.N12 Ld.N16 212 - | i x| 1
h NO m;x;?mnr‘nz N1 o semm? N2 mL;ET.Lz N3 o ontomm? N15 t=40mf3 210 [ i
[ ni2 ] 10mmie 208 . . . . . L]
w”l le:; TvaNaiq e L=120:‘;3 N3 MM N7 il
nit 18 Lnis-d LdN17 M. Sanduleac, V. I. Ciornei, L. Toma, R. Plamanescu, A. -M. Dumitrescu and M. Albu,
D‘ N8 ‘& uliss "High reporting rate smart metering data for enhanced grid monitoring and services
e e Fres e for energy communities," in IEEE Transactions on Industrial Informatics, 2021
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DATASETS. DISSIMILARITY VS. VARIABILITY
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110 ?
- % M
=100 I 1 A
= |
T s ¢
g
z J\ \ A
2 90
]
g N
85 prediction |
actual
upper bound / lower bound
80 \
e Anomalies
0 50 100 150 200 250
Time [hrs]
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Max

16.0
e Number Peaks
Christ, M., Braun, N.,
150 Neuffer, J., & Kempa-Liehr,
A. W. (2018). Time series
14.5 d. feature extraction on
Me lan basis of scalable
14.0 hypothesis tests (tsfresh—
Mean a python
135 package). Neurocomputin
g, 307, 72-77.
13.0 i\
12,5
12.0
o o o o o ® o '
o e o o o X 2 Min
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C. M. Yeh et al., "Matrix Profile I:
e Data structure and family of algorithms for the efficient All Pairs Similarity Joins for Time

description of time series series: A Unifying View That

Includes Motifs, Discords and

. . . . . h / 2016 IEEE 16th
 The matrix profile at location i records the (normalised e o s

Euclidean) distance of the subsequence T in position i to its Mining (ICDM), Barcelona, 2016

nearest neighbor
Must be an anomaly in the original
g / data, in this region.

We call these Time Series Discords

\/\‘

| r 5 | | | |
0 500 1000 1500 2000 2500 3000

t "‘ ‘t Must be conserved shapes (motifs) in the original data,
in these three regions

High Reporting Rate Measurements for Smart[er] Grids . LP I E E E
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[T SOCIETY® MATR'X PROFILE

n

Z (Toi — Ty)”

=1

MP is computed as a vector of values containing the minimum z-normalised
Euclidean distance d, by sliding a window of size m over a time series T of size n: d(T,, Ty) =J

Various computationally efficient libraries and algorithms available 0l113 2191 14l15/1]2]2]10]7

MP was investigated for the following features:

* Load and generation power profiles Matrix Profile

* Added noise over input information i HRRRRREE
 Anomaly (discords) detection JHEE DEEED
e Evaluating the robustness of the MP ooroDoD . HBE

https://stumpy.readthedocs.io/en/lat
est/Tutorial_The_Matrix_Profile.html #DistanceProfies

High Reporting Rate Measurements for Smart[er] Grids
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* Development of data driven models that operate in a robust manner at various timescales , ——
Grigore Stamatescu, Irina Ciornei,

° P _ : : : Radu Plamanescu, Ana-Maria
Incorporate domain knowledge at pre-processing and feature engineering stages e

« Potential for model compression to run on embedded hardware with resource constraints | /tervalimpact on Deep Residential
Energy Measurement Prediction, Proc.

* Micro-load forecasting and classification e.g. steady state and transients labelling of AMPS2021, 1 Oct. 2021

* How do data-driven models perform under varying input reporting rates? Can we keep the same models w/o
retraining?

* One month of residental energy measurements sampled at 1s; Offline processing of daily text record files

= Must be an anomaly in the original
'0:)' 2500 / data, in this region.

We call these Time Series Discords

1000

500 _”_L_\_ ‘ | \ | \
0 500 1000 1500 2000 2500 3000

09-01 00 09-0103 09-0106 09-0109 09-0112 09-0115 09-0118 09-0121 09-02 00 I I t Must be conserved shapes (motifs) in the original data,
Time in these three regions
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i socETy: DISSIMILARITY VS. VARIABILITY

N TN [ 'y e (=

Window Size = 1076

Matrix Profile to 351
identify most
dissimilar
sequence in the
daily data (noon)

w
o

N
w
!

N
o
!

Matrix Profile

Grigore Stamatescu, et
ot., Reporting Interval
Impact on Deep
Residential Energy
Measurement
Prediction, Proc. of

IDI L O I]]I m LTI |[| 110 ] [| [ Awves2021, 2021

Window Size = 294

iy
(%)
I

=
o
L

0 1000 2000 3000 4000 5000 6000 7000 8000

18 A

Matrix Profile to
identify most
dissimilar
sequence in the
monthly data
(Sept. 1)

e e
N > o
L L )

o
1
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Daily Matrix Profiles

» Daily matrix profile: 1 | ER—
frame/s reporting rate
Input measurements

» Daily matrix profile: [ T T
averaged data
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ANOMALY DETECTION — HAMPEL FILTER

Upper Theeshold

* Uses a sliding window applied to the measurement time
series in which the individual values are compared to the
statistical distribution of their neighbours to flag and |
replace the considered outliers in the original time series /

Lower Threshold
 Median Absolute Deviation (MAD) indicator represents the

Not Outliers Outliers

[\

IMul‘tEPles ofo=3

Swoothed Data Series

median of the absolute deviations from the median V#% )

MAD = median(|X; — X|)
 MAD linked to SD through:

Window Size = 2

* k—scale factor (~1.486 for Normal distribution)

c=k-MAD

amplitude

filtering yields an improvement in
Grigore Stamatescu, et ot., Leveraging

:Che predICtlon performance given Anomaly Detection and AutoML for ’
increased robustness and lower Modelling Residential Measurement

varia b|||ty of the in put data Power Traces, Proc. of AMPS2023, 2023
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T sedE DISSIMILARITY VS. VARIABILITY
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L SOCIETY® WRAP_UP

*  SMART[ER] POWER SYSTEMS: NEW PARADIGM FOR CONTROL

*  MEASUREMENTS ARE LINKED TO INHERITED MODELS

*  IMPORTANCE OF MEASUREMENT TIME, HIDDEN AGGREGATION AND REPORTING RATE
*  HIGH REPORTING RATE MEASUREMENTS [SMART METERS]

*  IMEASURES OF VARIABILITY — INFORMATION LOSS, R%, CV(RMSE), GoF

*  EXAMPLE: VARIABILITY OF POWER PROFILES , VARIABILITY OF FREQUENCY E

*  LEMENTS OF DATA ANALYTICS FOR LOW INERTIA ENERGY SYSTEMS

*  FORECASTING BASED ON OUTLIERS FILTERING (AS A FUNCTION OF VARIABILITY)
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Q&A session

albu@ieee.org

www.microderlab.pub.ro
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