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REAL-WORLD PROBLEM
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emergency straight-line full-stop braking maneuver

Average braking distance y =
1

10
σ𝑘=1
10 𝑡𝑠׬

𝑡𝑒 𝑣 𝑡 𝑑𝑡

Maneuver phases

1) Acceleration of vehicle to 103.5 km/h

2) No acceleration or deceleration until 103 km/h

3) Applying brakes until vehicle stop

minimize
𝑥 ∈𝑋

𝑦 𝑥 , 𝑋 = 𝑥 ∈ ℝ2: 𝐵𝑙𝑏 ≤ 𝑥 ≤ 𝐵𝑢𝑏



SIMULATION
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• Two-track model (16 degrees of freedom)

• Tire model MF-Swift (Pacejka’s Magic Formula)*

• Control systems Anti-lock Braking System (ABS)

minimize
𝑥 ∈𝑋

𝑦 𝑥 , 𝑋 = 𝑥 ∈ ℝ2: 𝐵𝑙𝑏 ≤ 𝑥 ≤ 𝐵𝑢𝑏

Vehicle Settings
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 →

brute force

over

100 000

simulations

2 weeks

(50 parallel)

Simulation Information

*Siemens Digital Industries Software. 2020. Tire Simulation & Testing. https://www.plm.automation.siemens.com/global/en/products/simulationtest/ tire-simulation-testing.html

braking distance
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DATA AS BENCHMARK PROBLEMS

𝑦1
𝑦1

𝑦2

Multi-objective – Pareto Front

𝑥2
𝑥1

CMA-ES run (without further simulation)
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PARAMTER TUNING
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PARAMTER TUNING - TRANSFER



ARTIFICIAL FUNCTION GENERATOR*
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ARTIFICIAL FUNCTIONS
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105 artificial functions (AF), 5 instance by rotation & shifting, inverse function (* -1) ➔ 𝟏𝟎𝟔 different AF
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EXPLORATORY LANDSCAPE ANALYSIS
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Vehicle Settings

Principal component analysis Features

• 55 features (calculated with pflacco)

• 1000 samples

• PCA → dimensionality 31

Similarity of two problems 𝑝1 and 𝑝2:

𝑑(𝑝1, 𝑝2) = 𝐹𝑝1 − 𝐹𝑝2 2



EXPLORATORY LANDSCAPE ANALYSIS
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Vehicle Settings

SimilarityFeatures

• 55 features (calculated with pflacco)

• 1000 samples

• PCA → dimensionality 31

Similarity of two problems 𝑝1 and 𝑝2:

𝑑(𝑝1, 𝑝2) = 𝐹𝑝1 − 𝐹𝑝2 2



SIMILAR FUNCTIONS
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SIMILAR FUNCTIONS
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HYPERPARAMETER SPACE
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• Algorithm quality - AUC: Area under the ECDF curves

(81 target values logarithmically distributed from 10^8 to 10^(−8))

• 100 CMA-ES runs on tuning reference



RESULTS
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CMA-ES on real-world problem y1 Average 3 tuning runs per problem

➔ Goal: Minimize 1 - AUC



CONCLUSION
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• Changing the vehicle setting changes the problem landscape

• Tuning CMA-ES to similar artificial functions improved performance on the 
five real-world problems

• Better performance compared to the default CMA-ES configuration, IPOP 
CMA-ES, and also to CMA-ES tuned to BBOB functions

Open Questions:

• Is the computational effort for computing the ELA justified?

• Does tuning on several similar functions increase the robustness?
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