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Warum Prognhosen?
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Datengrundlage

A Gemessene Wirkleistung an Trafos, 15 Minuten Durchschnitt
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Wetterdatenc¢ EinGamechangétr
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A Vergleich von Anbietern
- Keiner ist wirklich gut
- MeteoTesterfullt Anforderungen am besten

)
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Multivariate Modelle

: @_—)
Measurements

'C:)' 0O T . e Forecast
@1 Ol

Features

Features: Modelle
- Wetterparameter - Neuronale Netze (LSTM, GRU)
- Zeitfeatures - GradientBoostingModelle (XGBoost
- Saisonalitatensin( hour), cos( day of year ) LightGBM

- Feature Interaktionen
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Modelle im Vergleich

Genauigkeit Trainingszeit Aufwand
ARIMA { Mittel _ Schnell L Gering
Prophet ¢ Mittel { Schnell ¢ Mittel
LSTM & GRU L Hoch @ Langsam © Hoch
XGBoost { Hoch L Schnell L Gering
LightGBM _ Hoch L Schnell { Mittel
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XGBoostg® (Extreme GradienBoosting \Y

A Effizientc Keine GPU erforderlich
A Robust gegen fehlende Daten
A a ¢ NJ v a tIvekekeyr@atures fir die Vorhersage wie wichtig sind

Timestamp TT GHI RH DowW Month Hour Target
202505-01 09:00z 17.1 743.4 60 Thursday 5 9 A 137 kW
202505-01 10:00Z2 19.1 878 53 Thursday 5 10 A 110 kW
20250501 11:00Z 21.0 958.3 47 Thursday 5 11 A 88 kW
X X X X X X X X X
202505-02 09:00Z2 18.7 763 57 Friday 5 9 A ? kW




XGBoostg” (Extreme GradienBoosting

A Eine Kombination aus vielen Entscheidungsbaumen, die Fehler iterativ korrigiert

Alle Daten

Y l \ 4 l Y

Subset Subset Subset

Abweichung Abweichung
Resultat Resultat Resultat
Y

Summe der Gesamtresultat
Resultate
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XGBoosfiraining & Hyperparameter

Train §<: Test
l— Hyperparam. Hyperpal’am eter:
— _)@ - Anzahl Baume
_train, y_train
- Grosseder Baume

- Mindestanzahl Daten pro Blatt

X_test H@—) Forecast _ L ernr at e

v

y_test »  Validierung
|
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Wann ist eine Vorhersage gut?

AYD “Y‘O\/B ( ) A Grosse Fehler werden hart bestraft!
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Wo muss das Model sehr gut sein?
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Wie gut werden Peaks erkannt?

PeakWeightedMetric A Fehler bei Peaks (positiv / negativ) werden noch harter bestraft!
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FallbackModel
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Vorbereitung fur die Praxtdvlodulare ML:Pipelines

<
g Wetterdaten ‘ ///\/ Messwerte = Wetterdaten
- —T
y ' e
/> Vorverarbeitung Vorverarbeitung Vorverarbeitung
2 C.@ Wetterdaten C’a Messwerte c‘a Wetterdaten
N
preprocess_weather.py
\ 4 \ 4 \ 4
‘ .
{/> o '.’! Feature o 'l.l Feature
""""""" ,.@.. Engineering ,:lél:, Engineering
generate_features.py
Y Y
‘ .
-~ -
N2 @ Training :é: Predict
+
train.py I Model
\ 4 ) 4
@ {:} {} {:}
Model Meta Metriken Forecasts
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Wetterdaten —|—>

Training Pipeline

Umsetzung in die PraxisML-Pipelines

[ Messwerte J—‘—)
G | |

Y

Inference Pipeline

Forecasts

Wetterdaten 4|—’

[ Forecasts —I—>

Validation Pipeline

.
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Model Ranking




Infrastruktur¢ Azure ML

/
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- S
4 Azure ML h
A s ™ e ™
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> Component Pipeline
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Azure Al | Machine Learning Studio

< All workspaces

{m Home

[l Model catalog

Authoring

El Notebooks
4% Automated ML
&2 Designer

»_ Prompt flow

Assets

B2 Data
I & Jobs

BY Components
Pipelines
Environments

Models

$ @ b &

Endpoints

Manage

L Compute

@ Monitoring

[ Data Labeling

P Linked Services ereview

& Connections ereview

Vivavis Schweiz AG > prognosen-workspace-ewh >

Jobs

All experiments

-+ Create job C) Refresh 4 Export -

Q  Search

D]

9

D]

D]

9

D]

D]

9

D]

9

9

D]

9

All jobs  All schedules

Display name (25 visualized)

inference_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

inference_validation_pipeline

Jobs

Parent job name

== View options -~ Default

Experiment

InferencePipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferencePipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline

InferenceValidationPipeline
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@ Only my jobs

Status

° Completed
@ Completed
0 Completed
° Completed
o Completed
@ Completed
° Completed
@ Completed
° Completed
° Completed
@ Completed
@ Completed

° Completed

® 0 & =a 7

= Filter

Created on |

May 12, 2025 4:01 PM

May 12, 2025 4:01 PM

May 12, 2025 4:01 PM

May 12, 2025 3:31 PM

May 12, 2025 3:01 PM

May 12, 2025 2:31 PM

May 12, 2025 2:31 PM

May 12, 2025 2:01 PM

May 12, 2025 2:01 PM

May 12, 2025 1:31 PM

May 12, 2025 1:01 PM

May 12, 2025 1:01 PM

May 12, 2025 12:31 PM

SGOP

(& Dashboard view

vivavisld: a19f84c2-fbf5-11ef-a5c1-000d...

W

v
prognosen-workspace-ewh

3= Flat list of Jobs

X 0l Columns

a
Duration Created
7m 17s Service F
&m 50s Service F
6m 36s Service
6m 26s Service F
6m 48s Service F
m11s Service
7m 9s Service F
7m 19s Service
m 6s Service
5m 37s Service F
5m 515 Service
5m 43s Service
7m 3s Service F
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Azure Al | Machine Learning Studio

< All workspaces

{m Home

[l Model catalog

Authoring

El Notebooks
4% Automated ML
&2 Designer

»_ Prompt flow

Assets

B2 Data
I & Jobs

BY Components
Pipelines
Environments

Models

$ @ b &

Endpoints

Manage

L Compute

@ Monitoring

[ Data Labeling

P Linked Services ereview

& Connections ereview

Vivavis Schweiz AG > prognosen-workspace-ewh > Jobs » InferenceValidationPipeline > inference_validation_pipeline

» Q Refresh

inference_validation_pipeline

SGOP |
prognosen-workspace-ewh

® Q0 & =2 ? O |

= Clone [> Resubmit View profiling ¢ Deploy ~ [ Schedule - 3E Show compare list li] Delete

¢ € Failed

Inference Validation

|& Share ~ OB Add to compare Job overview

A &

® Execution failed. User process 'python’ exited with status code 1. Please check log file ‘user_logs/std_log.txt' for error details. Error: Traceback (m... ¥ X

Overview Settings Outputs + logs Metrics Child jobs Images Code Monitoring

() Refresh -+ Register model

| { Download all 0 Enable log streaming  ***

&3 Data
measurements.csv /O « = std_log.txt x
V|1 > - 1 2025-04-28 ©8:38:04,806 - INFO - Test dataset: 2025-84-19 05:00:00+00:00 - &
Dataﬁutput 0gs 2 Traceback (most recent call last):
S ol system_logs 3 F11e- Jmnt/azureml/cr/j/df5dd885141240a9%9a72d728dccd1dB66/exe/wd/validate.y
4 main{args)
input file v = | 5 File "/mnt/azureml/cr/j/df5dd885141240a9a72d728dccd1ldB6b/exe/wd/validate.y
user_logs
-09 B raise ValueError(
£ Preprocess measurements B Data 7 ValueError: Less than 24h to validate. Available timespan = © days 23:45:008.
processed_measurements forecasts.csv 0 @ std_log.tet 8
© Vo004 V|1

outp

file

Data/output

measurements_.. forecagt_file

o
Bﬂ Inference Validation
validate

© Vo0

O—
output_metrics_file
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Kaltstart¢ Entwicklung ab dem ersten Datenpunkt

A Messwerte TrafdRietli Herrliberg
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Tag 10fallbackModel
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Tag 14XGBoost
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Tag 18Komplett daneben!
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Tag 26: Neue Muster wurden gelernt

33333
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— M —_—
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Aktuelle Forecasts
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Kontinuierliche Qualitatstiberwachung ufttraining

25 C
20 C
15 C
10C
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Forecast PeakWeightedRMSE Rietli il Tiefer = besser
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== forecast_120h == frainingjob == model_changed
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Kontinuierliche Qualitatstiberwachung ufttraining
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Forecast PeakWeightedRMSE Rietli il Tiefer = besser
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== forecast_120h == trainingjob == model_changed
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Vorhersagefehler TRietlierste 10 Wochen

A PeakWeightedRMSEormiert mit Messwertspanne

Forecast Error by Horizon

(] Tiefer = besser
1296

11.5%
11%

10.5%

rPeakWei ghtedRMSE

10%

9.5%
forecast_24h forecast_48h forecast_72h forecast_9ah forecast_120h

Forecast Horizon
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Feature Relevanz aller Models

Heterogenes Versorgungsgebiet

B Time
0.25 B Weather
B Feature Interaction
0.2
0.15
0.1
; I m
0 Ill..-----------——
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A Garbagdn, GarbageOut
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