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The plan

1. Why coverages?
2. Existing IVOA solutions
3. MOC & extensions, state of art
4. And ObsCore?
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Goal reminder:
interoperability

• Simplify/accelerate selections:
=> a priori knowledge of coverage avoids 
unnecessary queries

• What kind of coverage?
=> Space, Time, Frequency…

• 2 challenges:
– Use appropriate methods? efficient, easy to use,…
– Which precision vs. Volume? where to set the 

cursor?
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IVOA solutions: state of art

• Level 1 : targets, intervals (e.g. What, Where, When fields in VOEvent; 
t_min, t_max, em_min, em_max, etc in ObsCore)
– Very easy to fill in, but approximate, often lacunar, not very 

efficient (reference frame? resolver?...).
• Level 2 : dedicated syntaxes (e.g. STC in s_region)

– Syntax to be mastered, adaptive content, but difficult to 
manipulate (multiple reference systems, complex coverages, 
etc.).

– In practice: STC being abandoned by the IVOA, and/or simplified 
(J2000 only, basic shapes only (e.g. xtype DALI), etc.).

• Level 3 : MOC (e.g. Moc.fits in HiPS, coverage field in RM registry)
– Requires dedicated tools/libs, adaptive content, but in a unique 

reference system, easy to manipulate (adaptive resolution, 
performance, ...)

– In practice: integrated into many tools/libs (spatial MOCs)
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For newcomers,
a MOC...
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See the IVOA MOC 2.0 
document for details

… specifies arbitrary coverages for sky regions and/or time coverages…
… provides a very fast comparison mechanism…
… is based on a discretization of space, resp. time, dimensions…
… is based on specific storage of the map coverage using predefined cell hierarchically…
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MOC standard evolution
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2011 2014 20192011 2020

First implementation
CDS proto

2023

Space +ASCII
serialization

+Time

Frequency
study
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MOC principles
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1. Discretization
2. Unique referential
3. Hierarchical and unique 

representation
4. Serializations
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MOC principles (cont)
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• As soon as the consecutive cells
are used at order n, they will be
hierarchically grouped in their
parent cell at order n-1, and this
recursively
=> 29/2,7,12 28/2

• List of numbers
=> 2,7,8,9,10,11,12
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In practice…
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E.g. Coverage/spatial field
in VO RM registry

~200 records
(+ all CDS records)



Time extension
=TMOC
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• Discretization based on JD

• TCB reference

• Able to address 73 000 years at 1µs resolution
from JD=0

TDIG/Apps joint effort
2018 - 2021



Time-Space combination
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Time indices
-> Space indices
Time indices
-> space indices
…
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What about Energy ?
=> FMOC

• Reuse the same MOC principles to handle coverages
on the electromagnetic axis

• Frequency values map in FMOC coding as an 
exponential expression in 60 bits (idea F.X.Pineau & B.Cecconi)
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…

Mantissa
52 bits

Exponent
8 bits

Proto
2021 - …



It all works perfectly!

Now we have MOCs to describe coverage in space, time 
& energy, as well as combinations (currently 2 to 2).
e.g. : t16/6020-6022 s3/128 4/345-510

So why not extend our IVOA standards
based on these generalized MOCs:

– HiPS3D: in progress…
– VOEvent 3.0 : currently under discussion 
– ObsCore : discuss in this workshop
– VO Registry ?
– …
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HiPS3D already fully
based on SF-MOC principles

Atelier HEIG Paris –Mai 2025 – P. Fernique 14

• Implemented in Hipsgen and 
AladinDesktop

• Very promising results
(ADASS 2024, ASOV 2025, SKA 
SRC-FR…)

SFMOC 
display 

in Aladin 
Desktop



What about ObsCore?
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• MOC completes and/or duplicates some ObsCore
fields.
– s_ra/ s_dec / s_region / s_fov
– t_min / t_max / t_exptime
– em_min / em_max

• Possible implementation: 
– Currently (proto): MOC ASCII serialization in s_region, but 

covering only spatial usecases
– Proposal: define a dedicated ObsCore field whatever the 

MOC is [space, time, freq, or combinations)
=> “moc” ? “multid_coverage” ?



Questions ? Comments ? Suggestions ?
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