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Italian National time scale UTC(IT)

INRIM realizes the Italian national time scale, kept aligned to the 
international reference time at nanosecond level



UTC(IT) performances over the last 2 years

08/2023 – 07/2025



Overview of INRiM Time and Frequency Lab



Hardware for UTC(IT) generation



Hardware for UTC(IT) generation



T&F Lab Servers & Virtual Machines



Virtual machines for UTC(IT) generation and data storage

Before 2020

After 2020

VM TW & GNSS

VM Time scale



Monitoring web-page and automatic emails allow operators to check clocks,
UTC(IT) and steering corrections behavior

Virtual Machine for UTC(IT) Monitoring 



Alarms & Procedures
Automatic Alarms

Procedures for UTC(IT) operators



Virtual Machine hosting UTC(IT) Algorithms

Three main stages:

 Input data pre-processing

 A steering algorithm for 
each of the available 
steering references

 Post-processing for the 
final steering correction 
computation

Optical clock

L. Galleani et al. “Generating a real-time time scale making full use of the available frequency standards”,
Metrologia 57 (2020).



Steering Algorithms’ Common Principles

The total frequency correction applied to the master clock is:

∆𝑓𝑓 = ∆𝑓𝑓0 + ∆𝑓𝑓1 + ∆𝑓𝑓2
where:

∆𝑓𝑓0 → corrects the frequency offset of the master clock vs REF

∆𝑓𝑓1 → corrects the residual frequency offset vs UTC/UTCr

∆𝑓𝑓2 → corrects the time offset vs UTC/UTCr, for time accuracy



Steering correction computation
Optimized for missing clock data

∆𝑓𝑓 = ∆𝑓𝑓0 + ∆𝑓𝑓2

∆𝒇𝒇𝟎𝟎

Fr
eq

ue
nc

y
de

vi
ai

to
n

H-maser vs REF

∆𝑓𝑓2 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣 𝑈𝑈𝑈𝑈𝑈𝑈
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑



UTC(IT) team



Thank you for listening!

Ilaria Sesia
Head of Time and Frequency Dept.
Quantum Metrology and Nanotechnologies Division
INRIM

i.sesia@inrim.it
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