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Aim of this study:
* Improve VLBI scheduling based on efficient sampling of

scheduling parameter space
* Automate process of VLBI scheduling

Presented approach is currently operational in use for various IVS programs:
\INTZ INT3, VGOS-B, VGOS-C, AUA, T2, OHG

@ Example of scheduling performance evolution with time \

Concept of evolutionary strategy

Iterative approach to
find best scheduling

scheduling
parameters

parameters

“Survival of the Fittest”

“fitness” quantity on how 0.8
good schedule is ' |, i
A evolutionary strategy 067 L i v
. (7] LS, A
A classical approach 204l - W | \
— makx fitness (iteration) « T v v ¥ '
. . . T == ¥ [ v
=== mean fitness (iteration) ¢ T < K "l '”'
. . b, o T W' |y el
—— jteration steps R S (Y R e LI K10 A A
RO [ TR RO %, IT A O A NG R 2 P
- scheduling quality 90 |91]92]|93)94]0s | 96|97 | gs| 9o
increased over time © ® e T NQ RO T NOD

\ scheduling version J

scheduling selection of

simulation » best parameter
analysis combinations

crossover
between
parameters

mutation of
pa EInEES

(@

.

simulations from
12 OHG sessions
reference = classical
scheduling approach

rep: repeatability
mfe: mean formal
errors

Blue = improvement
Red -> degradation

110% =
105% -
100% +=————mm———— — K. JEPES S S SR SN SRS B S | reference
+ [ ] ¢
95% .o B T
¢ ' e P ’
90% - o ® L S S o
85% 4 e mfe ¢ rep ®
80% 12 12 12 12 12 12 7 12 12 11 4 12 12 12 10 12
AR REEQNZRZHWL2EZE
3722042500 2
= ‘tl—'n_cctf‘_:zk_'3>'§§
S£35 5 5%
2T Q o] = ¢




VLBI scheduling optimization

optimal

Prerequisites Scheduling result Observation

Session
Catalogs

rrelation
Fundamental task for scheduling software: ezl
Post-corr.
Find the best sequence of scans to receive optimal result :
Analysis...

Scheduling optimization:

Adjust the balance between the optimization criteria
key to get a

« e.¢g. number of scans vs. sky-coverage = good schedule

» sked: minor/major options, VieSched++: weight-factors -
It Is necessary

: L ] : to find good set
Adjust the individual weights of every station/source of scheduling

: L : : include stations
« Stations/Sources with higher weight are more likely to - oroperly parameters for
be scheduled every session

Define conditions/constraints Mostly kept the

«  Minimum time between two scans to the same source same between
«  Minimum number of stations per scan... sessions

G J
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Challenges and goals for scheduling optimization

Find a set of scheduling parameters for providing “optimal results”

1. We have to define a proper session goal and a “fitness” function (high fithess = good schedule) - tricky
— E.g. OHG sessions:
— Most important: high precision for station coordinates (special focus on O'Higgins)
— Important: high number of observations (special focus on O‘Higgins)
— Less important:. EOP precision

2. We have to define which scheduling parameters should be adjusted
— weight factors (4 parameters)
— Individual station weight (n parameters for n-station network)

3. We have to come up with a novel approach for efficient sampling of the scheduling parameter space

— high dimensional (see 2.) = brute-force selection or grid-search does not work well
— Al approaches, in particular an evolutionary strategy - this study
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EVOlUthnary Strategy simulate/analyze parent selection:

every schedule * best (npese)
- fitness function * random (Nygnq)

Task is to find a good set of parameters

ithi i initial lati
within the scheduling parameter space 'nitial population

(g0) generate schedule
- mgy random based on every p
individuals p

Inspired by biological evolution
“Survival of the fittest”
mutation of new crossover based on

Fitness is calculated based on simulation . individuals based on Nyqr Parents to form

results and session goals (fitness function) mutation factors next generation g; 4
0, Omin of m; 4 individuals

Iterative approach based on Every dot represents

 Selection one set of scheduling
» Crossover parameters = one

e Mutation possible schedule

More details: Schartner et al. (2021)
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Parameter evolution
24-hour R1 session
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10 generations (delimited by red lines)
* Initial generation 256 individuals
» Following generation 128 individuals
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More details: Schartner et al. (2021)
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Parameter evolution
Intensive session

3 dimensional parameter space
« 2 weight factors wgyy, W gyr

« 1 additional scheduling parameter ¢,

10 generations (delimited by red lines)
* Initial generation 64 individuals

» Following generation 32 individuals
- 352 schedules (abscissa)

Displayed are slices from the twelve
dimensional parameter space

Things to note:
* fitness of ES increases with time

« optimal solution is found at the
edge of the parameter space

ETHzirich

Space Geodesy@ETHZ - Matthias Schartner et al.

2000 - ..
. -:. .ﬁ'. ° " .d e - ‘ . -t 2l®

1500 1o Pumsprelbe prichiog? § T TR R

1000 {—giee® 2 oo Thas]

1.00 ——— —

0.75 1~ & %.5."1.

0.50 1 o5+ %, 2k~ %

oo L st

1.00 ;‘Cf: o i g @ onnd o co o] cometr e aned

0.75 - D00 e U e B B

0.50 -

0.25 -

0.00
o o~ <t 0 s8] o )]
O e} ™~ Te) (e8] o Tg)
— = o™ ™~ M m

0.1 0.2 0.3 0.4 0.5 0.6

fithess

0.7

More details: Schartner et al. (2021
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Improvement of geodetic parameters based on ES (simulations)
Example: average improvement based on 12 OHG sessions

Relative improvement of simulated
4 repeatability (rep)

® mean formal errors (mfe)

of geodetic parameters and

® number of observations

based on 12 OHG sessions

Reference (100%): results gained by
using classical scheduling approaches
Blue = better performance

Red -> worse performance

Things to note:
» On average 10% more observations

* On average, station coordinates
precision improved by 8%
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Conclusion

Evolutionary Strategy (ES) IVS programs currently scheduled utilizing ES
@ Transparent scheduling — AUA — INT2

— Based on well defined goals — INT3 — INT9

— Based on Monte-Carlo simulations — OHG — T2

- Reduced human bias in scheduling — VGOS-B — VGOS-C

Non-1VS program currently scheduled utilizing ES
— GOWO08 (BKG)

— GOW16 (BKG)
© Benefit is highest for complex schedules — GOW17 (BKG)

— OHG, T2...

& Reduced human workload

& Highly optimized scheduling

— Sl (Soutern Hemisphere Intensives)

- Approach works well for all session types
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VieSched++: https://github.com/TUW-VieVS/VieSchedpp

VieSched++ reference: https://iopscience.iop.org/article/10.1088/1538-3873/ab1820

Manuals: https://n.ethz.ch/~mschartner/download/
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