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About ONS

www.ons.org.br

We are the National Electric System Operator -
ONS (Brazilian ISO)

The mission of ONS is to ensure the supply of
electricity in the country, with quality and a balance
between safety and the overall cost of operation.

The ONS is a private law legal entity, non-profit,
under government's regulation and supervision.
ONS does not own any generation, transmission,
or distribution assets. The centralized management
of the system operation guarantees operational
security at the lowest possible cost.

PMU infrastructure is owned and maintained by the
TSOs guided by ONS standards.

COSR-NCO
(Brasilia)

COSR-SE
(Rio de Janeiro)



What is openWAMS?

Control-Room Engineering Analysis
OVERVIEW vow | awe 15 ot T e e
openWAMS is an open-based platform designed by ONS for real- =
time monitoring and disturbance analysis based on synchrophasors A | e =
(PMU) measurements: A A e o i
. Empowers decision-making for control room operators and ONS 3 'Z* : ' X

engineers. gt G 16 .
g Provides detailed analysis for the engineering team : ”‘”,' L —
Wiy

. Custom-built solution tailored to ONS’s needs at reduced costs

. Supports integration with existing systems to ensure grid stability and T =l
development of new applications e et , » c
J N >

AVAILABLE APPLICATIONS T —— e s |
Control-Room/Real-Time: —l = openWAMS oo B e

—  Geo-Localized Navigation el eppah

— Real-Time & Historical Trend Graphs N S 5999. 5990w

—  Short-Circuit Visualisation &' -

—  Electric Island Synchronization T3 T e o S W

— PMU Data Quality Reporting - I 17 kv

—  Wallboard Support Panels T
Off-line Analysis (stand-alone application) o G

e . . ZERO Hz
. Hlstorlan Trendlng “ B e e e e e Tt woe  was ek o a s
— 0openPLOT (in development)
SCADA x WAMS Feat. SCADA Phasor Measurement

PLANNED APPLICATIONS 2025/2027 (BACKLOG) Resolution Low 60-120x Higher
2 Oscillatory Stability Detection and Tracking Real-Time Detection Limited Immediate Disturbance Alerts
y Disturbance Detection and Characterization Post-Event Analysis Minimal In-depth Investigations
* Fast ISlanding Clusters Detection Integration Capabilit. Restricted Smart Grids & Renewables

. Events Notification System



Synchrophasors at ONS
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Our PMU Network Scale

VISAO GEOGRAFICA | SINMAPS (&

Actual coverage
(~800 PMUs)

2019

2020

3 phase Voltage and Current Phasors
60 frames per second
+ Harmonics (analogs) for selected PMUs

Forecast of 2000
PMUs by 2028

2021 2022 2023 2024




Architecture Overview

Redundant critical production systems:
— OP-RIO (Rio de Janeiro)
— OP-BSB (Brasilia): PROD

Scalability: Up to 1500 PMUs @ 60 FPS, 3-phase V/I

Comprehensive Support Environments:
— DEV: Development environment

— SIM: Simulation environment for system
validation and training (Future)

— LAB: For testing, exploratory learning, and
Grafana editor training

*  Grafana visualization Ul: comprehensive dahsboards
portfolio for control room, post-operation activities,
and system maintenance.

*  Advanced applications Real-time, Analyst and
maintenance applications.

Production Environment

OpenWAMS Simplified Architecture
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openWAMS: Advanced User Interface

\
GRAFANA DASHBOARDS Q Geographical/Navigation View

Grafana enables modern, flexible and highly customizable platform
for dashboard creation. Real-Time/Historic combined.

openWAMS uses an independent Grafana server enabling more
flexible and customized deployment. GPA openHistorian connected
via openHistorian Data Source plugin.

Grafana community provides several plugins for advanced panels
creation, enabling continuous UX enhancement.

ONS' users provided excellent feedback (friendly navigation, easy to
access data and modern design).

CUSTOM MADE DASHBOARDS

End-User (Control-Room & Engineering):
—  Geographical/Navigation View
— Real-Time/Historic Trending

Governance Team

o : — responsible for ——
g | CUBLSICRIIElEE quality and creation Islanding and Resynchronisation N
— Islanding and Resynchronisation s o e
238.7 wv 2360w
.4

—  Energy Quality/ Harmonics Monitoring ——— ‘j .

Administration & Maintenance:
—  PMU Data Quality Report X
—  System Health Status \
—  Users Monitoring
—  Dashboard Usage Monitoring s :
—  PMU Configuration View S ZEROHZ B




Wallboard Dashboards: Control-Rooms
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OP1 - Geographical Navigation

6 ~ Pagina inicial » Painéis de controle » OPENWAMS OP > OPO1 - Navegacao Geografica Q Buscar ou pular para... Sectrisk | 4 v ® » & .
w Edit Export v Share v
AMBIENTE | BSB-1 v | Qual  1-Confivel x x -~ kv | Alx x+ | EQUP(® LT 500KV JAGUARA-SE / SAO SIMAO-SEC1MG ~  PMU | RSSPA2.525 PM_02 -~  Busca(® | ... @ LastSminutes v @ ) Refresh 5s
= DASHBOARDS
2025-07-16 svicia Local VISAO GEOGRAFICA | SIN MAPS () PMU Local: Balango da Tensao Trifasica (NOM) [TR 525 /138 KV S V PALMAR 2 ...

AR
1:48:13 60.02 h: 5 ‘ 517.6 kv 518.0 kv 515.5 kv
FREQUENCIA DO SIN R
FASE A FASE B FASE C
60.10 Hz 5% v g, - .
~ Wb § PMU Local: Tensao Trifasica (NOM) e Reativo [TR 525/ 138 kV SV PALMAR 2 3 ...
60.08 H -
2 #r Y. b :
\ 60.06 Hz ‘ * ‘ /o F oy 519.0 kV
fﬂ 60.04 Hz e * > b4 gmﬁ 518.0 kV
e / 60.02 Hz 5 / AT o
\//‘\/r ‘ ‘ g g * xR, 517.0 kv
60.00 Hz ¢\ ) ¥ / ®* w4
s08Mz g 4 ’ s ==l ¢ MWUW" VAU A A i, 516.0 kv
3 B % ‘ s
8058 118 ~ PMUs 2 SINDAT: SUBOP  SINDAT: LT 500 OP S15.0 KV
£0.04 Hz " { ~ LT 500 kV ANGRA FUR / NOVA IGUACU C 1RJ [RJSTAN_500_PM_02]
A R 514.0 kV
59.92 Hz b 200 3 PR o 1 Name LT 500 kV ANGRA FUR / NOVA IGUACU C 1 RJ [RJSTAN_500_PM_02]
e * | * ( Equipamento LT 500 KV ANGRA FUR / NOVA IGUACU C 1RJ EAZOD R
" n e S0 an:518.4KV == FASEC Mean: 515.9 kV
59.88 Hz =
14400 14500  T:46:00  T:A700  1:48:00 Longitide 445 ‘R525/138 KV S V PALMAR 2 3...
== REGIONAL_S_PR == REGIONAL_SE_RJ == REGIONAL_NE_AL g Acronym RJSTAN_S500_PM_02
= REGIONAL_N_AM = PMU Local: RSSPA2_525_PM_02 ~ DFP Inf. T Agente FUR
CER S Qualidade  1-Confiavel TOOA
= p Razdo PMU OK
DIFERENGA ANGULAR (TENSAOQ FA... REPRESENTAGAO POLAR -
, Link Vie sis (painel la 108.0 A
-60.0 ® 920°
> LT 500 kV ANGRA FUR / C. PAULISTA C 1RJ/SP [RISTAN_500_PM_01]
L5 & E 106.0 A
-70.0 ° 8.s { m IR W
-s00° . 1| | . 104.0 A
[ *
000° 11:44:00 11:45:00 11:46:00 1:47:00 11:48:00
- 4 Selecaolocal e
n:45 22 ¥ QUAL IR Data outside time range
= [RSSPA2_525_PM_02 -ONS_REF_VB_ANG] 270° .

11:44:00 1:45.690M to d3fag o0 1:47:00 11:48:00




REGINA

Real-Time Grid Inteligent Notification Alarm

] Tenséo: [Todas v]

REGINA - Real-Time Grid Intelligent Notification Alarm
@ Ultimos 10 Minutos @ Selecionar Intervalo Data Inicial: Data Finaliw Aplicar | Descrigéo®
COS: [ Todos V] Area: [ Todas V] Tipo: [ Todos V] Nome: [ Filtrar por Nome ] Estacéo: [ Filtrar por Estacéo
DATA HORA DESCRICAOQ NOME cos AREA TIPO
1410212025 125041 SCUHSR_13P8_UG3 UG3 13.8 47 UHE SAO ROQUE LIGOU UG 47P3 MW UH_.. ] 25C  Unidade Ge.. SCU... 138
1410212025 125850 MGSTIT 345 ITMGJCAB_1 LT 345 ITUTINGA / JECEABA G1 DESLIGOU LADO JECEA LT 345 KV ITUTIN.__ SE SMG  LinhadeTr MGS_ 3450
14/0212025 12:58:48 MGITO2_345_LTMGJCAB_2 LT 345 ITABIRITO 2 / JECEABA C2 DESLIGOU LT 345 kV ITABIRL... SE 5MG  LinhadeTr.. MGIT.. 3450
1410212025 12:58.46 MGITO2 245 LTMGJCAB 2 LT 345 ITABIRITO 2 / JECEABA C2 DESLIGOU LADO JEC... LT 345KV ITABIRL... SE SMG  LinhadeTr.. MGIT.. 3450
1410212025 125736 MGSTIT 345 ITMGJCAB_1 LT 345 ITUTINGA
1410212025 12:55:34 SCBLU_230_BC2 BC2 230 125 BLUMENAU L .
1410212025 125422 MGITO2 345 LTMGJCAB 2 LT 345 ITABIRITI s b s s syl L 2, s
1410212025 12:53:13 MGITOZ_345_LTMGJCAB_2 LT 345 ITABIRIT EQUIPAMENTO NOME FMU
14/02/2025 125310 MGSTIT_345_LTMGJCAB_1 LT 345 ITUTINGA MG"m_m_Lm_z Mm_m_m_m
1410212025 12:5253 MSAQU 138 LTMSCGI 2 LT 138 AQUIDAUAI

MGSTBB_345_LTMGITO2_1 MGSTBB_345 PM_01
1410212025 125206 MGSSUS_16P5_UG3 UG3 16 5 285 SAD SIMJ

MGSDU2_345 LTMGLPD2 1 MGSDUZ_345 PM 01
1410212025 12:51:56 SPTAQ_13PE_UG5 UG5 13.8 105 TAQUARUG
1410212025 125057 MGSSSE_500_ L TMGSSUS 3 LT 500 SAO SIN MGSAR 345 BAA MGSAR 345 PM 01
1410212025 12:50:17 MGITO2_345_LTMGJCAB_2 LT 345 ITABIRIT MGSAR 345 BAB MGSAR 345 PM 02

e

EsmchoTENSRO P REGINA is a synchrophasor-based system within the

ONS alarm setup. It enables users to select an event
from the SCADA alarm list (such as a transmission
line disconnection), automatically locates the
nearest PMUs to the event, and offers an analysis
interface for examining the event.
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OP2a - Trending (Tree View

6\» Pégina inicial > Painéis de controle * OPENWAMS OP : OP02a- Grafico de Tendéncia (TreeView)

C Buscar ou pular para... ctrlsk | o4« @ a @ .
v Edit Export Shara  ~
AMBIENTE (7) | BSB-1 ~ 1-Confiavel ¥ ¥ ~ Nmax (D | 10 ~  PMU | GOBCQ 230 PM.01 X GOIGU 230 PMO1 X X - [ REINICIAR | | = DASHBOARDS | (D) Last15 minutes 03 v & '} Cancel Auto v
GRAFICO DE TENDENCIA | [BSB-1] ()
Tipc All VPHM VPHA IPHM IPHA
60,090 Hz
FREQ DFDT CALC ALOG
60,080 Hz
NAVEGAGAO POR CAMADAS [TREEVIEW]
O » PMU (2/377 selected) 80070 bz
b+ |
Search values
60,060 Hz
B ~ CO (2/24 selected)
60,050 Hz
B ~ GO (2/1 selected)
B - 230 (2/2 selected) 60.040 Hz
LT 230 kV ITAGUACU [ BAR.COQU (22 selec
EIROS C1GO texd) 60.030 Hz
¥ GOBCQ_230_PM_01
60,020 Hz
¥ GOIGU_230_PM_01
60,070 H:
B > 500 (o/e selected) z 1
B > MT (o/3 selected) 60.000 HZI h H I1
A l |
B : N (0/54 selected) A ] SINMAPS
> | A
B » HNCO [0/ selected) | | 1 :L
| | W
@ > NE (07102 selected) * ! ) M
| J
B > S (0/4D selected) | 11
" v (]
" = * | )
B > SE (0/85 selected) e f |
b V
*
i'&rr. b 1:39:00 T:40:00 T:41:00 T:42:00 T:43:00 T:44:00 TE45:00 T:46:00 1:47:00 TE48:00 T:49:00 T:50-00 TES5100
bkt :} [i5_GOIGU_230_ PM_0LFREQ
PMU Selecionada *
e *
2




OP2b - Trending (Advanced Filters)

{5' ~ Pdgina inicial » Paingis de controle : OPENWAMS OP : OP02b- Grifico de Tendéncia (Avancado)

Q) Buscar ou pular para... Ectrisk | 4 ~ @ &

o Edit Export ~ Shara
AMBIENTE () | BSB-1 ~ Qual (0 All X W o cos (O All % o Kv | A% | xQ Agente (3} All % ® v EQUIP () All X W o PMU (T3 Al % X o @ Last 5 minutes -03 ~ & 3 Refresh 10s ~
re
[ REINICIAR | | = DASHBODARDS Selactud {1}
All
TIFO DA MEDIDA GRAFICO DE TENDE
765
FREQ = i
60.070 Hz 525
10 - Enter variable value
60,0685 Hz 500
——————— A000L; 220
LISTA RESULTANTE (SELECIOMNE PARA PLOTAR) O
345
ListaResultante (10/10 selected) T2 Sl
& Al 60.050 Hz
# VIS_BAOLD_S00_PM_01:FREQ 60.045 Hz
¥ VIS_BAOLD_S00_PM_02:FRE!
Sk e Q 60.040 Hz
¥ VIS_BASPU_S00_PM_04:FREQ
60.035 Hz
& VIS_GOSTPS_345_PM_O1:FREQ
60.030 Hz
¥ VIS_GOSTPS_345_PM_02:FREQ
@ VIS_PBJPD_500_PM_02:FREQ s0.02stz
¥ VIS_SEUPS1_S00_PM_01:FREQ 60.020 Hz
¥ VOLT_RNACT_S00_PM_03:FREQ 60,015 Hz
™ VOLT_RNMSD_230_PM_01:FREQ 0070 Hz
¥ ZOPONE_MGSDUZ_345_PM_01:FREQ
60,005 Hz
60.000 Hz
59995 Hz

LISTA RESULTANTE (METADADOS)
PointTag 7
VIS_BAOLD_S00_PM_01:FREQ

VIS_BAOLD_S00_PM_02:FREQ

T:44:30

Th44:45 TE45:00 TH4515 TE45:30 T1:45:45 ThAG:00 TM:4615 TE:46:30 T1:46:45 11:47:00 114730 M:47-45 T:48:00 TM:48:15 T:48:30 T:48:45 TE49:00 T:-4915

== VIS_BAOLD 500 PM_D1:FREQ == VIS_BAOLD 500 PM_D2-FREQ == VIS_BASPU 500_PM_04:FREQ == VIS_GOSTPS_345 PM_OTFREQ == VIS_GOSTPS_345 PM_O2Z:FREQ == VIS_PBJPD_S500_PM_02:FREQ
== VIS_SEUPS1_500_PM_OTFREQ = VOLT_RNACT SO0 PM_O3:FREQ = VOLT_RNMSD_230_PM_OLFREQ == ZOPOME_MGSDU2_345 PM_DVLFREQ

14715

SignallD 7 PointlD 57 Metadata 7
C559D6A3-F28F-4E9E-9098-79513F8E1BDBE 34715 [FREQ] [LT 500 kV PORTO SERGIPE | / OLINDINA C P3 SE/BA] [VIS] [COSR-NE] [1-Confiavel PMU OK]
8607BBB9-EG7B-4FAE-AAFC-721ES6858C14 3474 [FREQ] [LT 500 kV OLINDINA [ SAPEACU C S9 BA] [VIS] [COSR-NE] [1-Confiavel PMU OK]




OP4 - Islanding Resynchronization

¢ @ 2025-07-1615:22:1to 2025-07-1615:23:18 ~ » Q

bl () Buscar ou pular para... @0 ctri+k
= Pagina inicial » Painéis da controle » OPENWAMS OP @ OP04 - Monitoracao de llhamento/Paralalo
AMEBIENTE | BSB-1 - Qual 1-Confiavel * w o KV (3 | 500 - PMU_A &) | TOLJ_S00_PM_21 - PMUE (&) | PATC_S500_PM_14 -
Busca () = DASHBOARDS
Value  PMU Erm Posicio das lihas Elétricas: FREQUENCIA x TENSAD TENSOES
PMU_A TOL 500_PM_21 LT 500 kV SE LAJE U..
PMUE  PATC.500 PM_14 LT 500 kV TUCUR| =l PMU_A PMU_B
450 kv 546.8 kW 539.6 kV
_ =
VISAD GEOGRAFICA | SIN MAPS g 400 kV 4
L
2 asouv FREQUENCIAS
=
300 kV
X 250 KV - PMU_A PMU_B
. 60.00+:  60.00
589 5992 5884 5086 5098 50 6002 GODA  BOOE 6008 80.
FREQUENCIA [Hz)
FREQUENCIAS TENSOES
b4
548.0 KV
60.01Hz
sanoky W "Wﬁ
BO.00 Hz
545.0 KV
| 545.0 KV
50.00 Hz 544.0 KV
b
50.09 Hz 543.0 KV
— 542.0 KV
5410 KV
50.08 Hz
PMU_A %
540.0 KV
o * sag7hz | MMWWW
PMU_B 530.0 kv ¥
& 58,67 Hz

152220 15:22:30  15:22:40

152250 152300 152310

152220 15:22:30 5:22:40 152250 152300 152390

DELTA ANGULO [Graus]

135° s

180

45°

s
225° — 315*
270°
DELTA TENSAG [kV]
DELTA FREQUENCIA [Hz]
ZERO Hz
o= 2
QUALIDADE
ERNp Data outside time range
PMU_B Zoom to data
15:22:30 15:23:00




Foundation for Real-Time Applications

Innovation / Prototype / Easy-to-Deploy

OPEN PLATFORM ARCHITECTURE

.. _ Grafana Ul +Alerting
. Facilitates easy deployment of new real-time control
room applications Grafana Alerting responsible to send notification to the users (email, Teams etc)

. Built on the STTP protocol for seamless real-time
data streaming MS SQL database
Results are stored in the database for Ul dashboards presentation
DATA INTEGRATION & DISTRIBUTION
. Retrieves real-time streams from the main historian

system RT APP 1 RT APP 2 RT APP n

. Distributes data across independent application

modules via a common data bus
Real-time applications independent modules. To handle big data processing, the code are built on multi-
instances schemes (parallel procesing architecture).

ORCHESTRATION & ANALYTICS
The orchestrator:

. Converts STTP streams into discrete data packages
and provide the metadata

- Performs basic analytics and injects results into the B ==~ = — -~ = - = - = === == == == = - e

data bus
STTP Orchestrator

Actionable Business Insights
Responsable to connect to openHistorian via STTP and to organize the information in

. Applications generate real-time analytics for
improved situational awareness. discrete message blocks, dropping them into the data bus. Multi-processing architecture
built.

|
1
|
|
|
|
1
l
|
. Results are stored in a relational database for: :
(i) Visualization in Grafana :
|
|
I
1
1
1
|
|
|
|
1

RabbitMQ DATA BUS: Shared Measurements, Metadata and Basic Analytics

(i) Triggering of alarms for proactive decision-making
GPA openHistorian

Reliable source of real-time PMU streams (raw measurements).
Can be used for on-demand historic data retreival also (off-line applications)

ONS code to be adapted into openHistorian



Real-Time Disturbance Detection

. openWAMS DIST: Automatic detection, localization, and
characterization of disturbances in the National Interconnected
System (SIN), based on nationwide PMU coverage.

CORRENTE TRIFASICA [GOSTPS_345_PM_03]

. Method: Uses rapid variations in PMU measurements (current, '
voltage, and frequency), analyzed by specialized anomaly detection
algorithms. Other methods are still under research.

. Architecture: Modular and scalable structure based on a data bus, oo
with the use of parallel processing. We are evaluating the effective -
development strategy designed at the beginning of the project. e
. ' . w R pisTURBIO DETE] ™
«  Testing phase (prototype): Results processed in real time, already iimn's Mo s
. 133 712
being evaluated by selected control room users. oo s i e
«  Backlog: oscillation detection, MS Teams alarms, intelligent alarm iy /23 —— e
grouping, epicenter determination, event characterization (severity § o 3 —
and fault type). A A s N e l‘li -

w0 2025-05-78 05529750 ssom
Pointfag  ONS_BAJZT_S00_PMLOTATBAQUR F1LFA_6IB_S00MAG
© Acronym  BAJZT_S00.PML01 .
tde 949
%
] ®  logtude -405
SignallD  6287649- S4AA-4018-5306-DTAZADBFF 883 sasone
Py . et o)
varistion 378




Case: RJ 28/05 at 18:10:46

AMBIENTE BSB-1 - SignalType = All x HorizonteHoras (O 1 - DeltaMin ) 0 DIST TIPO CORRENTE = @ DIST SELECIONADO = (@ < (@ 2025-05-28 18:10:42 to 2025-05-2818:10:52 v > @  Q Refresh 5s v
SERVICE HEALTH EVENTOS<10MIN = 2025-05-28 SINAL REFERENCIA [BSB-1] [RJLGO_345_PM_05] [ONS_RJLGO_345_PM_05:LTRJCPJ.1_FA_B_IB_345.MAG] [1-Confiavel, PMU OK] (7
o 20 0w 4 DISTURBIO DETECTADO 18:11:43 20000 ;
LOCALIZAGAO GEOGRAFICA | AmplitudeMinima = 0 Amps Sl j
20000 18:10:46,550 | |
150.00 : {
. ]
Event that occurred on May 28 at 6:00 PM in the 100.00 |
Rio de Janeiro region, during which the lights could 50.00 ;
. .. " 1
be Seen fIICkerIng In the ONS bUIIdIng' * ";Q OVOO1B:1D:43 18:10:44 18:10:45 18:10:46 = 18:10:47 18:10:48 18:10:49 18:10:50 18:10:51 18:10:52
2 o % & — ONS_RJLGO_345_PM_05:LTRJCPJ_1_FA_B_|B_3A5,MAG] PPA:2398

" DIST promptly flagged the event 5 seconds

after the disturbance was observed through

TENSAO TRIFASICA [RJTRIO_500_PM_01]

CORRENTE TRIFASICA [RJTRIO_500_PM_01)

32000 kV
the flickering lights in the ONS building, Rio. el o
31000 kV ‘ | -
L 3
¢ o
b 30000V 6020Hz | 00004 Probable cause: three-
o . .
z i R phase short circuit(RITRIO
28000 kV E
600.00 A
e i it Icc = 700A)
e 60.00 Hz
280.00 KV
500.00 A
58.90 Hz
270.00 kV
4
o’ o S0E0Hz 400.00 A
. 260.00 kV
of & %,
Voltage drop S70Hz | 30000A
o 250.00 kV
° Epicentro
¢ % “ ¥ e conforme dados  zewoow SEB0Ez | noc0a
PMU "
. fasoriais e
o ' X ———————y
= 23000 kV 100.00 A
ANALITICO @ u S8.40kz
& & 18:10:46 8047 18:90:48 1890049 18:90:50 18:10:46 18:10:47 18:10:48 18:10:49 18:10:50
ONS_RJTRIO_S00_PM_OT:LTSPFDII_FV_A VA _S00.MAG == ONS_RJTRIO_S00_PM_0T-LTSPFDI1_FV_B_VB_S00.MAG ONS_RITRIO_S00_PM_OLLTSPFDUI_FA_A_IA_500.MAG == ONS_RJTRIO_S00_PM_01:LTSPFDI1_FA_B_IB_500.MAG
ALARME == ONS_RJTRIO_S00_PM_0T:LTSPFDII_FV_C_VC_500.MAG - ONS_RJITRIO_S00_PM_O1LTSPFDLI_FA_C_IC_S00.MAG
&

= ONS_RJTRIO_S00_PM_01:FREQ = TSM_RJTRIO_S00_PM_OLLTSPFDI1FA_IO S00.MAG



Obrigado!

Q&A
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