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FMI Tutorial - Example incubator using
UniFMU with FMI3 and clocks

Some considerations:

- This presentation is related to the FMI tutorial.
Go to this repository:
https.//qgithub.com/INTO-CPS-Association/example-incubator-fmi3

- Focus on Co-simulation interfaces only.

- We're skipping some details.
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https://github.com/INTO-CPS-Association/example-incubator-fmi3

Formulation of Super-dense Time

Super-dense time is defined by the tuple™:

t=(t,,t;), tx€R,t,EN
* Lee and Zheng, 2007. Leveraging synchronous language principles for heterogeneous modeling and design of embedded systems.
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Co-simulation Loop

The FMUs are instantiated, and their
Initialize initial state/inputs/outputs/parameters
are calculated or set by the importer.

The simulation is progressing in

simulated time, and FMUs that
represent ODEs are being L\ [event happens]
numerically integrated.
Step Event
[no more events]

The simulated time is stopped and
events (e.q., clock ticks, parameter
changes) are being processed.

Terminat The simulation has finished, and all
e ate resources are freed.
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Types of Events

[event happens]

Step Event

[no more events]
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Consecutive Events

A Step Mode Step Mode
e e
v s g D
*(31)

[event happens]
*(32)

Event /\/ ,
(3,0)

Step
(2,0)

[no more events]
| |

Event Mode
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Introduction to Clocks

e Clocks:

* abstraction of activities whose occurrence
Is tied to specific points in time.

* At any super-dense time instant, a clock is
either active (ticking) or inactive.

* Declared in the ModelDescription.xml
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Clock Types

Clock Type Period Interval Interpretation
constant FMU declares period in XML.
eriodic fixed Importer sets the interval during Initialize.
ime-based P calculated = FMU calculates period in Initialize mode.
tunable FMU calculates period in Event mode (CS) or after executing model parti-
tion (SE).
aperiodic changing FMU calculates interval after each clock tick.
P countdown FMU calculates interval after an event.
triggered - triggered There’s no known interval. The clock ticks unpredictably, either due to

FMU current state/inputs, or due to events.

All time-based clocks are inputs.
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Clock Connections

C
- Clock Y, connected to u, means the two

always tick at the same super-dense time. uf, is transitively connected to ug,. ﬁ
* The importer must enforce this. ium ﬁun
- Output triggered clocks can declare w | m u | |7
dependencies. — 1
Legend
U--—---3Y Y is computed from u when 1 ticks.
ut "
N T— y© may tick because of u° ticking
-7

or u changing value.

MODELICA CONFERENCE SANTIAGO GIL

DEPARTMENT OF ELECTRICAL AND COMPUTER 8. SEPTEMBER 2025 POSTDOC
WP FCNEERNG ‘




Clocked Variables

- Variable v associated to a set of Clocks C, where v's value changes only when one

c e ticks.

- Each clock c¢ is associated to a set of variables V and equations spanning V,
forming a discrete-time system that evolves on ¢'s ticks:

Discrete time state
vector

th ..
k™ tick of clock ¢

Clocked variables

Previous value of X,

any other variable that
is not clocked by k

——

- Clocked variables can be discrete-time states.
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Our example

We're using the incubator Digital twin example:

https://qithub.com/INTO-CPS-Association/example_digital-twin_incubator
Supervisor <
heating_time
éent-based clock f-------- <<C_|°Ck» temperature_desired
supervisor_clock
Y Y
heater_ctrl
Plant (Incubator)

>

Jd
G <<Clock>> > Controller
controller_clock
Time-triggered
clock
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https://github.com/INTO-CPS-Association/example_digital-twin_incubator

Thanks!
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