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Introduction

* Who are we? Institut de radioastronomie millimétrique: Europe’s leading research center on millimeter radio-astronomy
* What is the 30m radio-telescope? One of the world’s largest and most sensitive single-dish millimeter radio-telescopes
* Who am I? Head of the 30m Computing Group

* What do we monitor? Hardware, software, operations metadata

* Why do we monitor? Reliability: maximizing observing time means doing more science

Iram

https://iram-institute.org/about
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IRAM 30m Radio-Telescope (Millimetric Radio-Astronomy)

* 24-7 operations since 1984 except weather -atmosphere opacity-, contingencies, and planned stops:
- Short window of maintenance on Tuesdays (stop ~5 hours / week)
- Heavy maintenance during summer (stop ~1 week / year)
- Antenna Motors and Surface maintenance recently (stop ~few months / 40 years)

* Teams: Astronomy, Operation, Frontend, Telescope, Computing, Administration
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Astronomical facilities: overview and challenges
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\ Q
Observatories Objectives Challenges

* Industrial+IT+scientific environment * Minimize downtime * Team size and workload

* Heterogeneous and complex * Maximize observing time * Interwoven legacy heterogeneous
systems * Improve reliability of systems systems

* Certain systems receive little « Minimize effects of human errors * Heterogeneous data sources and
updates in decades data policies

* Zabbix used in some observatories * Time s precious, small time
but focused on IT windows for interventions

* SCADA-based solutions more typical
* Grafana widely used
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IRAM 30m Radio-Telescope: resources
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Legacy monitoring architecture

Heterogeneous and hard to maintain
Monitoring systems not updated
Recently added hardware not monitored

History only for certain items

MONITORING

Icinga
(OSS + cusfom python2 scripts)

ABBIX

PROCESSING + REPRESENTATION

Alarms webapp

Hosts and VMs

External services

Network equipment

Power equipment

A

Legacy HW and VMEs
(+ HW alarm system)

Y

(bottle+angularjs)

Email notifications

______________ b—"-__”'___—'“—-_h_h
T %-"x\ ST IRAM staff
Telescope HW alarms s - .
(Djangotjquery) 2y
Public

Telescope control system alarms
(python2 CGI+js)

Antenna tracking status
(python3+vuejs)

New
Antenna Control Unit

New Hardware

Wind monitering
(terminal ASCII art)

Logs
(terminal)

Manual data gathering
(spreadsheets)

Weather and Tau monitors
(php + perl scripts)

Tau predictions custom frontend
(python3 dash)
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Current monitoring architecture

0ss
I:I PREPROCESSING MONITORING PROXY REPRESENTATION
(o]

C b . d t f It' I - (container bl?:si :Fr)g?‘l&;mited data, —\i Grafa(réaséfublic ——» Public
Hosts and VMs web API)
ompine data Trom mulitipie sources i

zabbix senders / web API)

Single-pane-of-glass for operators R

Grafana

(OSS)
3 IRAM staff
Email and IM notifications -
» -
-
-

Leverage OSS and reduce development

Zabbix
(0SS)

Network equipment

All systems with periodic updates

Power equipment K

Notifications to alarm system
(docker basic app, web API)

Integration with alarm system and IM
More hosts: from ~50 to ~250 (x5) e |
More items: from ~500 to ~24000 (x48)

History for all items

Proxy for public data



Philosophy

Simplified and centralized information

Zabbix as the system core, integrated with low level
alarm system, combining information from
multiple sources

Structured alert approach

From chained approach depending on operators
towards conditional based type of alert

Continuous improvement

From reactive to proactive (less firefighting and
more prevention)

ZABBIX
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Deployment: infrastructure
* Infrastructure:

- Hardware:

* Servers

* Firewalls, router, switches, radiolinks

* NAS

* PLCs (instruments, cryogenics controllers, antenna control unit, etc.)
UPS, ATS, PDUs
* NVRs, cameras

Antenna @ Last 60 seconds

* Industrial I/0 devices (sensors, actuators, etc.)
- VMs and Software:

* Containers, processes, REST APIs, websockets, etc.
- Metadata:

* Observation metadata
— External sources:

* External websites
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Deployment: challenges

Monitoring periods:

- IT: >=1 minute

* Services running, data pipelines generating data, web scenarios, etc. /}/p Z ABBIX

- Operations: 1 second

* Critical data (e.g.: antenna vibration), sensible equipment (e.g.: sun avoidance),
tracking control (e.q.: tracking errors detection), etc.

- Operations high precision: < 1 second
* Wind (e.g.: wind gusts detection), data from PLCs (e.qg.: store all data for a certain time) O\f/o
Additional requirements on some items: |:||:||:|
- High-density and combination of wide and short windows (delivering high performance)

- Aggregation allows to keep all trigger logic in Zabbix

Single Pane of Glass
. L . O |~
- Unify and simplify data display for operators and other users [Fi_ﬁ Q
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Deployment overview: metrics

O] 2%
sda |
Zabbix 7.0 LTS Some metrics -
* Docker  Two sites Dependent
* Periodic updates * 1 serverand 1 proxy n
* Setup running for ~3 years * Around 250 hosts 00 )
* Integrated with telescope o 24k items

email notifications e 1k values/second

* Serving Grafana ZBX data source
typically at 10~250 requests/s

1h 0s
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Deployment overview: health (I)

* Main dashboard extra info:
- Nginx requests per second
- Grafana last request duration
- Active problems:
* operations-related
* general
* software
* hardware
* network

hosts by CPU utilization 20 20ms System information
Utilization Memory Imavg 5mavg 15m avg Processes 2 9 36 l 16ms Parameter Value Details
15 || - -
') l"' 31.19 % 61.22 % 1.71 2.04 2.16 459 - 93 | [ 1 ‘ S Zahbix server is running Yes zabbix-server:10051
Zabbix Server . l l M | &II H [ w IL\ U L .I l |“] , :
:nter T] 13.85% [0 3196%  3.25 211 1.81 767 Values per second 10 FabHEH i ‘H PR i e Zabbix server version 7030  Uptodate
<0 l 5.89 % 33.29 % 0.30 0.31 0.28 438 : : Zabbix frontend version 7.0.30 Up to date
' S ' ' : j 5 3 0
9-19 11:16 AM 9-19 11:33 AM 2026-9-19 i
<7 l 260 % 25 61 % 0.26 0.28 0.95 212 : ; Number of hosts (enabled/disabled) 256 197 /59
- = Zabbix Server: Nginx: Requests p... = mrt-zbx1: Grafana last request dur...
- Number of templates 437
!mir.iram.es | 201% | 19.55%  0.40 0.55 0.44 389
Number of it bled/disabled/not rted 24208 21322 /1914 /972
sy ] 1.81% 9.83 % 0.08 0.13 0.12 196 1097d 1 1090d 1 1097d t 17.74d 1 umber of items (enabled/disabled/not supported) )

Sirvid wpli v Pinicy iplime Wik il Gialana Lptise

- Number of triggers (enabled/disabled [problem/ok]) 10176 9452 / 724 [422 | 9030]

»



Deployment overview: health (II)

Zabbix server and proxy problems

me v Seve Duratio L cton: 300
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Cache usage proxy
100%

0%
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Performance tuning/debug

Basic Zabbix health dashboard
Cache usage + DB load
Internal processes server and
Proxy

Queues sizes

Requests

Requests rate

91007:10AM

91005:16 AM

AN

Requests duration

500ms 1"

M bmird

YL LY
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Proxy - Utilization of internal processes
100%
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Proxy - Queue size

4K

‘ J NANDNE|

ovps |
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Uptime

69 days, 10:40:00

46 days, 07:06:40
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- / J
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Uptime
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00:00:00
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Zabbix upgrades

* Most upgrades are fine

* Few occasions: internal

Processes

causing false alarms and high loa
over time, revert / configuration
tuning / mitigation / upgrade

* Performance tuning tricky

Load and CPU

20 100%

)
90804:46PM 9-090458AM  9.090511PM  9-1005:24AM

cPU

200%

100%

VY QW= VY W N

90901:37AM  9.090141PM  9-100144AM  9-1001:48 PM

WA

Memory available

2468

16GB

9000200AM  9090200PM  9100200AM  9-100200 PM

Memory used
268

9091220AM  9091206PM  9-091L52PM  9101137AM
Virtual memory used
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16GB

9090200AM  9090200PM  9100200AM  8-1002:00 PM

Memory used

384MB

256 MB.
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8
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More dashboards

 Grafana

ABBIX



Use cases (I): Telescope alarms
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Snapshot

Focus on current status

History + combined alarms History + combined + hints

* New alarms integrated in existing * Debugging that used to take hours
system combining data from hours now takes seconds
multiple sources * Detect quickly if data processing

pipeline stops
* Detect quickly issues related with
tracking

* Etc.



Use cases (II): Operations debugging

Visual debugging Overall increase of MTBF
* Debug in minutes what would * Some issues are now detected
take ~1 hour of extensive testing before they affect observation and

* Operations-oriented alerts can be fixed seamlessly

1: Restart control system
On On Off  |On Of On | OnOff On Off On On On (o]} On On n Dﬂl off | off On On Off On Onoff On on on
On On Off of Off On Off On ~ On On On On On n Dﬂ' off  Off On On Off On OnoOff On On On
21:40 ) 2

ubscan On
nts | INRRITNE
20:30

R 1 1 AT A I S V1 T 1Y
) 20:40 20:50 21:00 21:10 21:20 21:30 22:10 22:20 22:30 22:40 22:50

i
22:10 2 22:40 2 23:00

ZABBIX

Overall decrease of MTTR

e Some issues are now evident

00:00

to debug (error hints)

off off
Off Off

00:1

On OnOf On
On OnOf On

0 00:20 00:30




Use cases (III): System status

Visual representation of systems for quick status check / debugging

* Certain checks converted into alarms (minimize downtime)

* Unexpected issues: previously manual debugging (ssh, check logs...), now go through a few dashboards

System status

Maser

ADAM modules

VMEs

Uptime 2.16 days Web 271 ms Ping 1.57 ms
Delay 2 minut ) Last scan 2026-09-10.180 Status OK

Datafiller Tapas Niobe
ACU Proxies BluePill NCS m
Elvin2RabbitMQ RabbitMQ

Uptime 2.90 weeks

Upti
Tlmeodrlft EI‘IE MS Uptime (slow)2.90 weeks  Uptime 2. 90 weeks Uptime 2.05 days Uptime 2.16 days Msgsm:s 73} mz%i}s
Remote 4 enabgg ’ Uptime (fast)2.90 weeks Offline Errors last hour 0 Status OK Msgs. OUT 14 msg/s

Ready NoO Uptime (cmd)2.90 weeks Last loaded scan 3
Tracking No

Ping 267 ms
S

Status  OK Web 12.6 ms Queue  DO1-26 Project

Last script 3 hours ago

Maser monitor

NetVME monitor .
(mrt-api)

Slow traces monitor

Fast traces monitor

Antenna streamer

Events sender

AntennaDS

Web 14.5 ms

ZABBIX



Use cases (IV): temperature and humidity monitoring

MRT CP... Last 2 minutes Alarms
R1TBUP (PS
R1.TBU
RLTBL
R2.TBU
Feslt MRT CPD (room)
R3.TBU
R3.TBL
R4.TBU
R4.TBL

Alarm

MRT CPD (back) @ Last2 tes MRT CPD (front)

R1.TBU - R1.TFU

Data centers temperature monitoring

770

R2.TBU - R2.TFU
| 2.80 °C

* Four sensors per rack (front/back top/bottom) i =

| 5.30:=

* Alarms for ambient absolute thresholds e o

R3.TBL - R3.TFL

* Precise monitoring allowed to properly configure
. . . . 11.6°
A/C air distribution .

MRT CPD (back)

350 =

* Detection of unexpected trends during certain
periods

RC.TFU RC.TBU |

RC.TFL : RC.TBL J 219°¢c GRA CPD (front)

gra-cpd-X-4... | 0°c gra-cpd-X-4... \

GRA CPD (gradients) [last 2 m]

RA.TBU - RA.TFU

RA.TBL - RA.TFL
( 08/13 00:00
RB.TFL

RB.TBU - RB.TFU _ 8 - RB.TFU

RB.TBL - RB.TFL GRA CPD (back)

RC.TBU - RC.TFU

RC.TBL - RC.TFL
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Use cases (V): observing efficiency

Monitoring observing efficiency in real time

* Traditionally calculated based on operators statistics
* Ready (no stops due to weather, maintenance, etc.), general (time taking data), relative (compared to ready)

* Automatic instant, monthly, and yearly measurements of observing efficiencies

« (@ Last24hours UTC v » @ & Refresh

Efficiency (w = 24 h)
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Conclusions

Migration from legacy architecture mostly complete:

- Improved reliability and operations (UX/OX), not only for alerting, also for debugging

- Integration with InfluxDB for sub-second monitoring (polling Influx, alerting in Zabbix): alternatives?
- Not simply a migration: covering many more cases and evolution towards smart operations

— Continuous improvement
Gotchas (many along this path, but some worth mentioning):

- Working at 1 second intervals is not trivial (said softly)

- Importance of count(/host/item,10s:now-10s) vs. count(/host/item,10s) (midnight history sync effects?)
Community:

- Increase contact with the monitoring community (conferences/training/support) to be up to date
Future works:

- High availability: minimize revert/tuning/mitigation after upgrades with issues (e.qg.: libcurl memory leak), avoid
data loss (some issues do not manifest until hours after the upgrade).

- SLA measurements for critical systems
- Model Context Protocol (MCP). Interested in experiences of other users
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