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More than 60 telescopes deployed at the 2 hemispheres of Earth

CTA N + CTA S = CTA Observatory (CTAO): the first ground-based gamma-ray
proposal-driven observatory open to the worldwide astronomical and particle
physics communities

CTAO

Large-Sized Telescope (LST): ~45 m; ~50 tonnes; 
~20 sec for repositioning (20 GeV → 3 TeV)

Medium-Sized Telescope (MST): ~27 m; 
“workhorse” of CTA with sensitivity in its core 
energy range (80 GeV → 50 TeV)

Small-Sized Telescope (SST): ~9 m; sensitive to the 
highest energies (2 → 300 TeV)



3

ACADA in CTAO
Supervises distributed array elements at CTA-N and CTA-S.

Orchestrates telescope observation execution.

Manages data acquisition and compression of raw data.

Provides automatic science alerts and human-machine
interface.

The core software infrastructure of CTAO

REL 1 → July 2023

REL 2 → expected July 2026

REL 1.5 → Dec 2024

distributed; based on ACS; 

writen in Java, Python, and C++



ACADA in CTAO: numbers
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50+ experts to build ACADA

8 years project (2021 -> 2029)

1000 PB/year or raw data

12 PB/year after compression

2000 computer cores (overall)



MONAAS in ACADA
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Monitoring and Logging System (MON)

• Collect, elaborate, distribute, and archive
ancillary data coming from telescopes,
auxiliary, and calibration instruments

• → 5 Hz; 26 Mbps for Monitoring; 1 Gbps for
Logging

Array Alarm System (AAS)

• Collect, filter, shelve, reduce, acknowledge,
and combine alarms from Array Elements
(telescopes and instruments)

The core systems for CTAO inspection and diagnosis

Java

Distributed

Scalable

Fault-tolerant architecture

Advanced Big Data and IoT technologies



Monitoring deployment
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Monitoring information flow
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Logging deployment
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Logging information flow
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Alarm deployment
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Implemented through the 

Integrated Alarm System
(IAS)



Alarm information flow
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Towards predictive maintenance
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sensorfact.eu

Enables the replacement of a component just in time (when 

it is close to failure) improving the system life cycle:

lower the facility inactivity

increase the operational time

extend the components’ lifespan

reduce the maintenance costs



Towards predictive maintenance
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www.ctao.org

Thank you
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ACADA in CTAO: context

16



Configuration:

ACS: ACS Manager discovery + ACS CDB entries

OPC–UA: ACADA CDB → attempts every 2 minutes

Monitoring features and configs
Callback-Based Monitoring

Remote monitors

Asynchronous callback delivery

Monitoring instance per property

Sampling Control
Configurable sampling interval

→ protects network bandwidth

Minimum trigger interval

Per-property configuration (not global)

On-Change Mode
Callback triggered only on significant value changes

Optimized for event-driven monitoring
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Configuration:
Client configuration: logging framework, ACS

Server configuration: Filebeat, Logstash, ACS 

CDB, ACADA CDB

Logging features and configs
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Avro LogEvent schema (main fields)
recordId, sourceTimestamp, logEntryType, message

Log Levels
TRACE, DEBUG, INFO, NOTICE, WARNING, 

ERROR, CRITICAL, ALERT, EMERGENCY 

Logging Analyzer (future development)
analyzes logs to trigger additional alarms/warnings



Configuration:
ACS: ACS CDB

OPC–UA: ACADA CDB 

IAS: Plug-in, IAS CDB, transfer functions

Alarm features and configs
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Alarm Collection
Consumes ACS alarms

Receives OPC-UA threshold alarms

Receives complex alarms from IAS

Publishes events to Kafka

Supports: Shelving, Acknowledgement, OOS

Alarm Filtering (IAS-based)
Implements Transfer Functions

Generates complex alarms

Executes operational scripts (high priority)



Logging system overview (distributed collection)

Log event model, severity, and alarms
•Log events follow an Avro LogEvent schema (core fields):

•recordId, sourceTimestamp, logEntryType, message

•Severity taxonomy:

•TRACE, DEBUG, INFO, NOTICE, WARNING, ERROR

•CRITICAL, ALERT, EMERGENCY → should reach operators via HMI

•Logging Analyzer:

•analyzes logs to trigger additional alarms/warnings

•Handles many log sources:
•ACS logs, observation scripts, firmware/low-level logs, 

syslogs, OPC-UA server logs

•Logging Collector is distributed:
•log shippers on each host harvest files

•buffering + filtering at the edge

•forward to a central Log Aggregator

•Aggregator routes to Logging Storage and 

Logging Analyzer

20



Logical architecture (high level) (2)
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•Monitoring covers two main source families:
•ACS Monitoring Properties

•OPC-UA Monitoring Points

•Configuration:
•ACS: uses ACS Manager discovery + CDB entries (validated XML 

delivered by element teams)

•OPC-UA: uses the ACADA –CDB 

Monitoring inputs and configuration
Callback-Based Monitoring

Remote monitors created via:

create_monitor(...)

create_postponed_monitor(...)

Asynchronous callback delivery

Monitoring instance per property

Sampling Control

Configurable sampling interval

→ set_timer_trigger(...)

Enforces minimum trigger interval

→ protects network bandwidth

Per-monitor configuration (not global)

On-Change Mode

Timer disabled (timer = 0)

Callback triggered only on significant value changes

Optimized for event-driven monitoring
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•Client–server approach based on OPC-UA sessions

•Discovery:
•direct connection or via Local Discovery Server

•Security and robustness:
•secure channel

•client certificate generation/usage

•Collection model:
•subscriptions + monitored items

•asynchronous tasks per monitored server/config

Monitoring Collector
(OPC-UA mode)
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Key design decisions and technology stack

Log event model, severity, and alarms

•Implementation choices:
•Java for MON components (robustness, ACS alignment)

•OPC-UA sessions for monitoring (secure, reliable communication)

•Eclipse Milo as OPC-UA SDK (pure Java)

•Filebeat (log shipper) preferred over logging libraries for resilience

•Core technologies:
•Kafka clients, Avro, Cassandra, SLF4J (and supporting libraries)

•Log events follow an Avro LogEvent schema (core fields):

•recordId, sourceTimestamp, logEntryType, message

•Severity taxonomy:

•TRACE, DEBUG, INFO, NOTICE, WARNING, ERROR

•CRITICAL, ALERT, EMERGENCY → should reach operators via HMI

•Logging Analyzer:

•analyzes logs to trigger additional alarms/warnings
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AAS Architecture Overview (1)
Alarm Collector

Consumes ACS alarms

Receives OPC-UA threshold alarms

Receives complex alarms from IAS

Publishes events to Kafka

Supports: Shelving, Acknowledgement, OOS

Alarm Filter (IAS-based)

Implements Transfer Functions

Generates complex alarms

Executes operational scripts (high priority)

Alarm Storage

Consumes Kafka topics

Batch insertion into Cassandra

24h data availability for TOSS

Alarm Supervisor

Manages lifecycle of AAS components

Interfaces with Resource Manager
25



AAS Architecture Overview (2)
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AAS Architecture Overview (3)
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