CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

04.2-114

. c@0ceeRe LA LI AR L RS as L AS 21 1)

PROPOSING SUSTAINABLE POWER SYSTEMS FOR ENHANCED -
INTERNATIONAL MONITORING SYSTEMS OPERATIONS -

Study Case in Indonesia — =

Hendri Satria WD, Dewi Tamara Qothrunada, Evi Nilasari —— - ¢
= : .

Indonesian Agency for Meteorological, Climatological and — -

Geophysics BMKG §

e s L L e e B e e S e 2 e S as Bl o e S es 1

Presentation Date: 12 September 2025



S nT 2&25 mum PROPOSING SUSTAINABLE POWER SYSTEMS FOR ENHANCED

CTBT, SCHNCE AND TECHNOLOY cONPRRENCE INTERNATIONAL MONITORING SYSTEMS OPERATIONS

Hendri Satria WD, Dewi Tamara Qothrunada, Evi Nilasari

INTRODUCTION 04.2-114

(Background)
T L o City T
1 J =
+ CTBTO Relevance ! e -
1 1 NCIES <im [<8m Ea g1 Total Davao Ci
: e Continuous station uptime is IMS under CTBTO E %%‘i Bl - . el By A
: critical for treaty verification ! ¥ ) A
I e Self-SUStaining bOWer Systems * Global network for nuclear-test-ban ! ) R A A
: ) &P y verification [ YA \ Kuching A A &
I reduce risk of outages . N . C redh” \ A
| « Remote monitoring + predictive ¢ [ndonesia: >500 seismic stations ' black ‘
: . g§*p : (BMKG), 6 auxiliary IMS stations - N
1 maintenance ensure data quality ! i
| andresilience ! & f%
: : A AA
I : P
1 : A
: ' ol VY
1 1
1 1
= |
1
: : INATEWS-BMKG
' 1 INDONESIA
! ] Maintenance !
' Operational Challenges oy eye .
: Responsibility !
1. Wide archipelagic geography - high ! X
I logistics and travel costs ¢ All seismic & IMS !
i e Limited number of technicians > stations are maintained ! MAINTENANCE BASED ON
1 stretched across hundreds of stations in-house by BMKG ! MONITORING
I . . . . technicians I
1 Fiscal constraints (Presidential ) .
1 Instructions /INPRES No.1/2025) > fewer * No outsourcing > full !
| site visits allowed reliance on BMKG staff !
! capacity I

___________________________________________________________________ 7 COMMUNICATION ~—
BMKG



971012 SEPTEMBER
AT HOFBURG PALACE. VIENNA & ONLINT

I crov scunce b TacHNOLORY conPRrmce INTERNATIONAL MONITORING SYSTEMS OPERATIONS

Hendri Satria WD, Dewi Tamara Qothrunada, Evi Nilasari

INTRODUCTION

(Current Systems)

S nT 2825 PROPOSING SUSTAINABLE POWER SYSTEMS FOR ENHANCED

04.2-114

Solar PV arrays + Growatt SC4860 MPPT

LiFePO, batteries for stable, long-cycle storage

Deployed
Technology

Connectivity via Teltonika RUT-955 modem

Successfully implemented at BMKG stations (MLJI,
PMCI, TRT, ARMI)
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Maintenance remains reactive, not predictive

Battery Information

Hardware is strong and reliable | -
Key Insight - ~  —
Bottleneck lies in telemetry & analytics ¢ — =
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»Adopt MQTT QoS2 station management early warning reliability
— secure, exactly-
once data delivery P
>Replace siloed ~ —
vendor dashboards -
with



s nT 2&25 oronesc | PROPOSING SUSTAINABLE POWER SYSTEMS FOR ENHANCED

971012 SEPTEMBER
AT HOFBURG PALACE. VIENNA & ONLINT

CTBT, SCHNCE AND TECHNOLOY cONPRRENCE INTERNATIONAL MONITORING SYSTEMS OPERATIONS

Hendri Satria WD, Dewi Tamara Qothrunada, Evi Nilasari

04.2-114
Power Supply in BMKG field tests: PV + LiFePO, + MPPT feasible in harsh environments
Remote Monitoring
Similar AWS/IoT deployments show same challenges > data often siloed (loannou, 2021)
MQTT inloT Proven in environmental monitoring & cloud integration [Alves, 2024]
Applications
Lightweight, secure, scalable > ideal for IMS
QoS2 ensures exactly-once delivery, critical for treaty verification
Predictive Reactive / scheduled maintenance insufficient in remote sites [Afif & Meganendra, 2023]
Maintenance
BiLSTM & CNN-BiLSTM with attention > accurate SoH & RUL forecasts [Guo, 2022; Zhang, 2022]
Ensemble deep learning > robust across variable conditions [Ganaie, 2022; Lin, 2023] ; Hybrid CNN-
BiLSTM-Attention models proven accurate for battery SOH & RUL estimation (Zhu et al., 2022)
Sustainability Economic: Predictive = lower OPEX, fewer field trips
(Triple Bottom Line)
Environmental: Extend battery life, reduce e-waste [Fairuzen, 2021) —

Social: Continuous IMS uptime supports CTBT verification + tsunami warning [Arora, 2024]
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METHODS
(Proposed System Architecture)

8 Hardware Layer

e Solar PV arrays sized for site load

* Growatt SC4860 MPPT - efficient charging + basic monitoring
* LiFePO, batteries > stable, long-cycle energy storage

Connectivity Layer

e Teltonika RUT-955 Gateway - cellular/satellite backhaul
* Publishes telemetry via MQTT (QoS2 + TLS)

Data & Server Layer

¢ IMS Central Server + Time-Series Database
e Stores multi-site telemetry for trend & fault analysis

Analytics Layer

* Predictive Maintenance: BiLSTM + ensemble models |
* Continuous estimation of SoH & RUL —=

MQTT Broker QoS 2 Influx DB CNN BiLSTM

__‘—.1-
BMKG
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METHODS

(Predictive Maintenance Analytics)
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The duaset of CACLE| | e — ¢ \/oltage, Current, Temperature, State of Charge (SoC), Cycle Count

l g prediction

E Data Process apd |

N l * BiLSTM - captures long-term sequential dependencies in battery data

i . (| AMmodel with < TestSet |, * CNN-BiLSTM-Attention ensembles — combine local feature extraction (CNN),
: HIs and Capacity | 1| optimized parameters l . .. .

| ' ! temporal context (BiLSTM), and focus on critical patterns (Attention)

e T Ve R v Forere e oy * Proven in lithium-ion battery SoH & RUL prediction (Zhu et al., 2022)

y Yes i
I g Set AM model criteria? E
5 e Continuous estimation of State of Health (SoH)
Y ¢ Prediction of Remaining Useful Life (RUL) until 80% SoH threshold (IEEE standard)
i Optimize l
: CNN |
: parameters E
i i ! _
; ! * Predictive results published via MQTT topics (ims/<site>/alerts)
i BiLSTM > ,ﬁgﬁ‘;ﬁl‘;‘; ¢ Provides early warnings > enables proactive interventions before failures | —
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RESULTS AND DISCUSSION
(Field Feasibility)

P sl Implementation Sites (Seismic Stations)
s e MLJI (Malang, East Java); PMCI (Mamuju, West Sulawesi); TRT (Pasuruan, East Java) and ARMI
— (Aru Islands, Maluku)

Il — Bl Status at Seismic Sites
* Deployed: PV + Growatt SC4860 MPPT + LiFePO, + Teltonika gateway
< g : : e Limitation: No MQTT telemetry, no predictive maintenance yet

v ¥ [ oo eon |

=] - [ * Further development constrained by Presidential Instructions (INPRES) No.1/2025 (budget
e — - efficiency)

¢ Plan: pilot implementation at BMKG Geophysics sites in the near term

Experience from AWS (Automatic Weather Stations)

Data Explorer

e MQTT + InfluxDB successfully deployed for >2 years
* Proven scalability and stability for real-time telemetry
¢ Next step: integrate predictive maintenance models for power systems

Research-backed confidence

e Numerous studies (e.g., Zhu et al., 2022; Guo et al., 2022) show high accuracy and robustness
of CNN-BiLSTM-Attention models for SoH and RUL prediction

e Strong evidence base > high confidence that sustainable and reliable IMS power systems —
can be achieved iy —

—
BMKG
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RESULTS AND DISCUSSION
(Triple Bottom Line Impacts)

* Reduce costly site visits across Indonesia’s archipelago
e Optimize battery replacement cycles > avoid premature replacements

¢ Aligns with Presidential Instructions (INPRES) No0.1/2025 on expenditure
efficiency

Environmental

¢ Transition to renewable solar energy reduces fossil fuel reliance

* Predictive replacement minimizes electronic waste (LiFePO, batteries used to
full lifespan)

e Lower carbon footprint from reduced logistics and transport

¢ Ensures continuous IMS uptime > supports CTBT verification globally

* Reliable seismic stations strengthen tsunami early warning systems for local
communities

== cosuin. Ny
¢ Builds resilience and public safety through sustainable operations ~ —
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CONCLUSION AND FUTURE WORK

»IMS in Indonesia: proven hardware (PV + Growatt SC4860 + LiFePO,) but limited by vendor dashboardQ
no MQTT telemetry, no predictive maintenance

» Proposed: MQTT QoS2 + BiLSTM/ensemble predictive analytics > shift from reactive > proactive &
sustainable

» Confidence backed by:

0 BMKG AWS experience (2+ years using MQTT + InfluxDB, next step predictive models)

U Global research (CNN-BiLSTM-Attention, Zhu 2022; Guo 2022) - high accuracy in SoH & RUL estimation

» Triple Bottom Line impacts: lower costs (alighed with Presidential Instructions / INPRES No.1/2025
reduced e-waste & carbon footprint, stronger CTBT verification & tsunami early warning

N—

b

> Pilot deployment at BMKG Geophysics sites to validate MQTT + predictive maintenance
» Scale-up integration into IMS auxiliary stations for CTBTO verification network

» Extend predictive models with uncertainty-aware Al for decision support

» Build a replicable framework > scalable across global IMS operations
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