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Who are we?

We helps you improve your competitiveness in the fields
of energy, sustainability and digitalisation

We are a private non-profit foundation

We are the gap between research and the needs of the
business sector +30 0

PEOPLE
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Our model

We start a 
laboratory-scale

R&D+i line

We obtained
competitive 
public funding

We accompany you to
prove that the
technology is viable and 
profitable

We transfer the
results to your
company

We enhance your
competitiveness and 

generate private income

We anticipate future 
challenges and keep you
informed

We reinvest the
income in 
improving the
current line or
creating a new 
one

100%
SELF-FINANCING
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Lines of
activity

Smart grids

Industrial 
technologies

Hydrogen and 
renewable gases

Efficiency and 
decarbonization

Recycling and circular 
economy

Mobility

Generation and renewable
resources

AI and digitalization
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Horizon Europe Experience

90
Projects funded
2021-2025

25
Projects directly coordinated
by CIRCE

55
Return secured
by CIRCE

100
Return or national
partners

M€M€

+10 Multidisciplinary experts
Dedicated to proposal writing>40%

<10%

CIRCE

EU avg.

Proposal success rate last 6 years
Proposals written entirely by CIRCE

Top 10 in Spain
For total Horizon Europe return

4th in Spain 
for coordination Top 50 in Europe

2021-2025 CALLS
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Validation and homologation laboratory for
IEDs and communication protocols

Real-time laboratory tests are conducted to
study the interaction of smart equipment with
the electrical grid. Equipped with test cases, 
communication infrastructure, wiring replicas, 
and GPS network. 

Control, protection, remote control, and 
telecommunications equipment, along with
automation tools for 61850 testing developed
by CIRCE, are utilized.

We also have a laboratory that allows the development and testing of wide
area protection systems (WAMPAC), virtualized systems and algorithms
based on neural networks that contemplate the necessary adaptations for
the operation of the electricity grid of the future.
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CIRCE’s RTDS

1 chassis with 4 cores
NOVACOR 2.0

PB5
2 racks, the first with 2 PB5 cards and the

second with 5 PB5 cards)
1 GTFPGA, 1 GTDI, 2 GTAO, 2 GTNETx2, 1 GTNET,

1 GTDO, 1 GTSYNC, 1 GTFPI, 2 power amplifiers

(12 voltaje and 12 currents), 1 Power Amplifier EGSTON.

Additional Cards
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GTFPGA card with EGSTON amplifier

RTDS
GTFPGA

EGSTON
Power Amplifier

Power Electronic 
Device
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Virtualized Platforms
General Overview
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Virtualized platforms. General Overview

Analog
Processing

Protection and 
Control

SOFTWARE

HARDWARE

PMU virtual
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Test Cases using HiL
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Test Case 1: Analog Processing Module

03.1
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Test case 1: Analog Processing Module validation

O B J E C T I V E
Provide MU data to the control services 
running on the platform.

Ensure the information is delivered accurately
and within the required time constraints.

Merging 
Units

V / I sampled 
values

IEC 61850-9-2

Control 
services

Protection & 
control apps

VMs / containers

M A I N  F U N C T I O N S  TO  B E  E VA LUATE D

1

Signal 
reconstruction
Missing samples, 
incorrect quality bits 
and loss of 
synchronization (SRM)

2

Grid 
frequency 
estimation
Based on voltage 
measurements

3

Resampling
According to the 
actual system 
frequency

4

Fourier, RMS 
& harmonics
Calculation of 
Fourier 
components, 
RMS values and 
harmonics

■Data flow      ■ Processing on the virtualized host
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Test case 1: Analog Processing Module validation

Tests performed to verify the behaviour

Functional tests

NUMBER OF TESTS

1,915 tests

EVALUATION
Comparison of the theoretical values 
published by RTDS with the values 
calculated by the Analog Processing 
Module

Performance tests

TEST DURATION

3 days

EVALUATION
Verify that the measured average 
latency is below the requirements 
defined in the IEC 61850 standard
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Test case 1: Analog Processing Module validation

Functional tests

■ Packet loss
■ Invalid signal quality
■ Delays associated with 

communication 
channels

■ Loss of time 
synchronisation

Signal reconstruction
module

15 tests

■ Fast and slow 
frequency variations

■ Frequency ramps
■ Voltage dips
■ Phase jumps
■ Voltage recovery at 

different frequency 
values

Frequency tracking 
module

405 tests

■ Voltage and current 
phasors without 
harmonic content

■ Voltage and current 
phasors with harmonic 
content

Data reconstruction 
window, Fourier + 
RMS calculation

1,495 tests
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Test case 1: Analog Processing Module validation

IEC 61850

SV

Virtualized Platform

IEC 61850

SVReal-Time Digital Simulator

SVpub1

SVpub2

Analog Processing 
Module

GTNETx2 SV

GTNETx2 SV

GTNETx2 SV
SV

IEC 61850

• SVpub1:  Publishes the current and voltage signals generated by RTDS.
• SVpub2 : Publishes the current and voltage signals reconstructed by the analog processing 

module.

q Signal reconstruction testbed
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Test case 1: Analog Processing Module validation

q SV Manipulation scenarious
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Test case 1: Analog Processing Module validation

1  Start of the delay

When the delay starts (t = 0 s), the 
output holds the last received value: 
the current stays constant and the 
sample counter freezes at 650, while 
the input keeps evolving.

2  System recovery

The output resynchronises with the 
input as soon as the sample counter 
resets to zero (t ≈ 0.839 s).

■ _in: signal received by the APM      ■ _out: signal delivered by the APM

q Signal Reconstruction Module.

q Operational test results: Communication channel delay
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Test case 1: Analog Processing Module validation

IEC 61850

SV

IEC 61850

SVReal-Time Digital Simulator

SVpub1

SVpub2

GTNETx2 SV

GTNETx2 SV

GTNETx2 SV

GTNETx2 SV

SV

IEC 61850
SV

IEC 61850
SVpub3

• SVpub1 : Publishes the frequency, and the current and voltage phasors (magnitude, RMS value and phase angle) 
• SVpub2 : Publishes the current and voltage harmonic components up to 4th harmonic
• SVpub3 : Publishes the current and voltage symmetrical components and 5th harmonic component

Analog Processing 
Module

q Frequency and Phasors testbed Virtualized Platform



2026 MADRID USER’S GROUP MEETING MADRID, SPAIN

Test case 1: Analog Processing Module validation

q Fourier calculation

< 0.01 %
Maximum deviation of the computed 
magnitudes from the expected values (< 0.1 A)

2.0 / 1.0 kA
Expected values: I1 = 2.0 kA, I0 = I2 = 1.0 kA

No errors
Magnitude error checks for I0, I1 and I2 stay 
inactive over the whole test window 
(Tolerance considered < 0.2% in magnitude)

■ _expected: reference magnitude        ■ _SV_APM: magnitude computed by the APM from the SV stream
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Related Publications

Villén, M.T.; Comech, M.P.; Prada Hurtado, A.A.; Oliván, M.A.; Cortón, D. L. and Castillo, C.R.D. "Software-Defined Analog Processing Based on IEC
61850 Implemented in an Edge Hardware Platform to be Used in Digital Substations", IEEE Access, vol. 12, pp. 11549-11560, 2024, doi:
https://doi.org/10.1109/ACCESS.2024.3354718.

https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718
https://doi.org/10.1109/ACCESS.2024.3354718


2026 MADRID USER’S GROUP MEETING MADRID, SPAIN

Test Case 2: Multicriteria FPS Algorithm
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Test case 2: Multicriterio FPS algorithm

Power grid MU: Sampled Values & GOOSE messages

V I R T U A L P L A T F O R M

Analog Processing Module

1 FPSA1

Incremental currents

FP1 Q1

2 FPSA2

Incremental voltages

FP2 Q2

3 FPSA3

Impedance & seq. angle

FP3 Q3

4 FPSA4

Sequence voltages

FP4 Q4

M-FPSA ·  Multi-criteria FPS algorithm

Final faulted-phase selectionFPn: faulted phase
Qn: selection quality

M - F P S A  C O M B I N E S  4  F P S  A L G O R I T H M S

1 Incremental currents
Faulted-phase selector based on incremental 
currents

2 Incremental voltages
Faulted-phase selector based on incremental 
voltages

3
Impedance & sequence currents
Faulted-phase selector based on impedance 
calculation and the angular displacement 
between sequence currents

4 Sequence voltages
Faulted-phase selector based on sequence 
voltages
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Test case 2: Multicriterio FPS algorithm

q Test network
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Test case 2: Multicriterio FPS algorithm

q Test scenarios
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Test case 2: FPS Module validation

q FPS Testbed

• FPS_1, FPS_2, FPS_3, FPS_4 : Relevant outputs of each method, using IEC61850 SV and GOOSE messages. 

• FPS_MC : Relevant outputs of Multicriteria method, using IEC61850 SV and GOOSE messages.

IEC 61850

SV
Real-Time Digital Simulator

FPS_1, FPS_2, FPS_3, 
FPS_4,

FPS_MC

GTNETx2 SV

GTNETx2 SV
SV

IEC 61850

Va, Vb, Vc, Vn
Ia, Ib, Ic, In

GTNET GSE
GOOSE

IEC 61850

RFAULTDET

Virtualized Platform

Analog Processing 
Module
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Test case 2: Multicriterio FPS algorithm

q Solid Fault A-G, 2% line,

FPS_1 FPS_2 FPS_3 FPS_4 FPS_MC
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Test case 2: Multicriterio FPS algorithm

q Test results
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Related Publications

Villén, M.T.; Comech, M.P.; Prada Hurtado, A.A.; Oliván, M.A.; Castillo, C.R.D.; Cortón, D. L. and Andrino, R. "Faulted phase selection multicriteria
algorithm implemented in generic hardware for centralized P&C in Smart Grids”. International Journal of Electrical Power & Energy Systems, vol.
155, pp. 109541, 2024, doi: https://doi.org/10.1016/j.ijepes.2023.109541.

https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
https://doi.org/10.1016/j.ijepes.2023.109541
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Test Case 3: Virtual PMU
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Test case 3: Virtual PMU

PMU PMU PMU PMUPMU PMU

PDC 1 PDC 2

DATA ACQUISITION / PROCESS

DATA MANAGEMENT

APPLICATION Application
software

Application
software

PMU PMU PMU…

• REAL TIME AUTOMATION CONTROLLER
• PHASOR DATA CONCENTRATORS
• WAMPAC SERVICES

• PHASOR MEASUREMENT UNITS
• ACTUATORS
• GPS SIGNALS

WAMPAC SYSTEM

• SCADA FOR WAMPAC
• INTEGRATION FOR EXTERNAL TOOLS

Lo
ca

tio
n

1

MEASUREMENT & CONTROL

CTs, VTs, DI, DO, SAMUs

Lo
ca

tio
n

2

Lo
ca

tio
n

N

CTs, VTs, DI, DO, SAMUs CTs, VTs, DI, DO, SAMUs

IEC/IEEE 60255-118
IEEE C37.118

IEC61850 GOOSE

COMM. INFRASTRUCTURE

TSO Dispatch Center

q What is a WAMPAC system?
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Test case 3: Virtual PMU

q How does it work?

• Conventional PMU
• Needs to have secondary 

voltages and currents wired.

• PMUs in digital substations
• Must work with digital measurements, based 

on IEC61850 SV standard.

SEL-AXION 2240
SAMU

+ SV-PMU

WAMPAC Systems
Usefull to be deployed in digital substations on a Generic hardware server 

using the information provided by the SAMUs. 
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Test case 3: Virtual PMU

q How was tested?

MU IEC 61850 SV
V-I 

SV-PMU-RTDS
SV-PMU-MU
PMU-RTDS

PMU-COMER

IEEE C37.118

Se
rv

er
 P

M
U

-C
O

M
ER

Commercial
PMU

SWITCH

SV-PMU-RTDS
SV-PMU-MU
PMU-RTDS

PMU-COMER

SWITCH

SW Monitoring

RTAC

IEEE C37.118

.CSV FILES GENERATION

RTDS IEC 61850 SV
V-I 

IEEE C37.118
Server SV-PMU-RTDS
Server SV-PMU-MU

Server PMU-RTDS

REAL TIME EVALUATION

Secondary
V-I 

OFFLINE EVALUATION

SAMU

RTDS

G
TN

ET
x2

_P
M

U

EPICS

PTP

PTP

IRIG-B

NTP

NTP
IRIG-B

DOBLE F6350   
     
 

   
   

   
 

   
  

G
TA

O
G

TN
ET

x2
_S

V

IE
EE

 C
37

.1
18

IEEE C37.118

Se
co

nd
ar

y
V-

I 

MU IEC 61850 SV
RTDS IEC 61850 SV

V-I 
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Test case 3: Virtual PMU

q How was tested?

PMU  Value Max Mean σ Inside 
limits 

SV-PMU-
MU  

TVE (%) 0.781 0.5358 0.0958 þ 
FE (Hz) 0.00126 0.000295 0.000206 þ 

RFE (Hz/s) 0.071 0.015103 0.011874 þ 

PMU-
COMER 

TVE (%) 0.982 0.72 0.02369 þ 
FE (Hz) 0.00088 0.000301 0.00016 þ 

RFE (Hz/s) 0.102 0.036028 0.01951 þ 
 

TVE, FE AND RFE VALUES, FREQUENCY TEST 

PMU  Value Max Mean σ Inside 
limits 

SV-PMU-
MU  

TVE (%) 0.546 0.52155 0.00638 þ 
FE (Hz) 0.001003 0.000201 0.000155 þ 

RFE (Hz/s) 0.069 0.014339 0.011474 þ 

PMU-
COMER 

TVE (%) 0.674 0.60104 0.01838 þ 
FE (Hz) 0.00085 0.000304 0.000165 þ 

RFE (Hz/s) 0.09559 0.035741 0.019148 þ 
 

TVE, FE AND RFE VALUES, VOLTAGE MAGNITUDE TEST 

Current 
magnitude  Signal Max TVE 

(%) 
Mean 

TVE (%) 
TVE σ 

(%) 
Inside 
limits 

SV-PMU-MU  

Ia 1.126 0.347 0.1664 x 
Ib 1.518 0.628 0.2391 x 
Ic 0.864 0.247 0.1262 þ 
Va 0.409 0.389 0.0056 þ 
Vb 0.535 0.511 0.0061 þ 
Vc 0.350 0.328 0.0059 þ 

PMU-
COMER 

Ia 0.973 0.395 0.1487 þ 
Ib 0.899 0.305 0.1406 þ 
Ic 0.778 0.250 0.1281 þ 
Va 0.509 0.503 0.0017 þ 
Vb 0.545 0.539 0.0016 þ 
Vc 0.506 0.499 0.0017 þ 

 

TVE VALUES, MAGNITUDE CURRENT TEST: 10% 

PMU  Value Max Mean σ Inside 
limits 

SV-PMU-
MU  

TVE (%) 0.823 0.792 0.0085 þ 
FE (Hz) 0.003300 0.000722 0.000530 þ 

RFE (Hz/s) 0.23384 0.05233 0.03983 þ 

PMU-
COMER 

TVE (%) 0.538 0.533 0.0016 þ 
FE (Hz) 0.001026 0.000317 0.0001869 þ 

RFE (Hz/s) 0.1286 0.0375 0.0223 þ 
 

TVE, FE AND RFE VALUES, HARMONIC TEST

All the TVE values related with 100 % and 200% current 
magnitude tests fulfil the standard requirements

Tested in accordance with IEEE/IEC 60255-118-1:2018 standard

LIMITS
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Related Publications

IEEE Transaction on Instrumentation and MEasurement: Implementation of a Virtualized PMU in a 
CPC Platform Based on IEC61850 Sampled Values.
Link: https://ieeexplore.ieee.org/document/10945521 

2024 IEEE 14th International Workshop on Applied Measurements for Power Systems (AMPS): 
PMU Implementation Using IEC61850 Sampled Values Implemented in a CPC Platform.
Link: https://ieeexplore.ieee.org/document/10706693 

https://ieeexplore.ieee.org/document/10945521
https://ieeexplore.ieee.org/document/10706693
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AI applications
Datasets and Testing
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AI applications: Datasets

q Generation of Datasets

Power system in RSCAD
AC or DC grids

1. Generate the testing scenarious.

2. Format definition to store the 
datasets.

3. Script to generate automatically 
the testing scenarious and results.

Dataset used for Training and 
testing of the AI model
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AI applications: Datasets

q Example of Datasets

.CSV file format:

Each CSV file store a specific
time window of the

simmulation
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AI applications: Testing

q Testbed to evaluate the AI model behaviour after deployment in

EDGE server

HIL chain: real-time EMT simulator, IEC 61850-9-2LE Sampled Values, 
edge inference and GOOSE output

NOVACOR -RTDS

RTDS – GTNETx2

AI Training Server 

Edge Server
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AI applications: Testing

q Test results
CRT1SEA 1 CRT2SEA 2 CRT3SEA 3
CRT4SE_TA1 4

t/s
-0.81 -0.80 -0.79 -0.78 -0.77 -0.76 -0.75 -0.74

I/kA

-20

-10

0

10

20

V1SEA 1 V2SEA 2 V3SEA 3 VSEAN 4

t/s
-0.81 -0.80 -0.79 -0.78 -0.77 -0.76 -0.75 -0.74

 kv

-10

0

10

t/s
-0.81 -0.80 -0.79 -0.78 -0.77 -0.76 -0.75 -0.74

CIEFAL2
LLL

LLCA
LLBC
LLAB

DLCAG
DLBCG
DLABG

SLCG
SLBG
SLAG

NOF

Resistive AB fault (R= 5Ω) 

FPS - SLAG

EDGE SERVER
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Related Publications

Guillermo Rios Gómez; Maria Teresa Villen Martínez; Aníbal Antonio Prada Hurtado; Eduardo Martínez 
Carrasco. CIGRE Paris Session 2026. Deep Learning-Based Faulted-Phase Selector for Transmission Networks with 
High Renewable Penetration Level. 
Link: https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-
for-transmission-networks-with-high-renewable-penetration-level.html  

Elías Herrero Jaraba, Eduardo Martínez Carrasco, Anibal Antonio Prada Hurtado, María Teresa Villen Martínez, Guillermo Rios Gómez, David 
Hernando Polo, Julio David Buldain Pérez, Hybrid Inception-Transformer model for signals classification: The case of electrical faults in power
transformers, Engineering Applications of Artificial Intelligence, Volume 168, 2026, 114093, ISSN 0952-1976, 
https://doi.org/10.1016/j.engappai.2026.114093. 
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https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://www.e-cigre.org/publications/detail/b5-11488-2026-deep-learning-based-faulted-phase-selector-for-transmission-networks-with-high-renewable-penetration-level.html
https://doi.org/10.1016/j.engappai.2026.114093


2026 MADRID USER’S GROUP MEETING MADRID, SPAIN

Other experiences

05



2026 MADRID USER’S GROUP MEETING MADRID, SPAIN

Other experiences

CIRCE’ Services
Zone IIA protection.

Inertia estimation.

3Ph Shortcircuit MVAs estimation.

Voltage Instability detection.

Electrical Parameter Estimation Method.

Virtual PMU

CIRCE Marshal

New Developments
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