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Geometry Optimization

Parameter (size) Optimization Shape Optimization Topology Optimization
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Topology Optimization
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Topology Optimization

• Design domain

• Design variables

• Objective function

• Constraints

0 ≤ 𝜉𝜉 𝒙𝒙 < 1 ∀𝒙𝒙 ∈ Ωd

min
𝜉𝜉
Φ(𝜉𝜉,𝑢𝑢)

𝑔𝑔j 𝜉𝜉,𝑢𝑢 ≥ 0, 𝑗𝑗 = 1,2, … , 𝐽𝐽
h𝑘𝑘 𝜉𝜉,𝑢𝑢 = 0, 𝑘𝑘 = 1,2, … ,𝐾𝐾

𝜉𝜉 ,𝑢𝑢(𝜉𝜉)

𝜉𝜉 ,𝑢𝑢(𝜉𝜉)



2023 Advancements in Acoustical Topology Optimization, Christensen 7

Topology Optimization

Tweeter Example
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Auxiliary Constraints

Used for aesthetics requirements, to control 
directivity, reduce computational load, and to 
overcome software limitations.

Affine Constraints General Constraints Equation-based Constraints

𝒑𝒑 𝑃𝑃 =
−𝜔𝜔2𝜌𝜌

2𝜋𝜋 �
𝑆𝑆
𝒘𝒘 𝑄𝑄

𝑒𝑒−𝑖𝑖𝑘𝑘𝑖𝑖

𝑅𝑅 𝑑𝑑𝑑𝑑
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Auxiliary Constraints

Affine Constraints

Mirror reflection Nonuniform scaling Repeating patterns
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Auxiliary Constraints

General Constraints
2D Optimization/3D Physics for Path Extrusion Constraint
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Auxiliary Constraints

Equation-based Constraints
Overcome software limitations; Kirchhoff-Helmholtz Equation modification

But…

4𝜋𝜋𝜋𝜋 𝑃𝑃 = �
𝑆𝑆
𝜋𝜋 𝑄𝑄

𝜕𝜕𝐺𝐺(𝑃𝑃,𝑄𝑄)
𝜕𝜕𝑛𝑛

− 𝐺𝐺(𝑃𝑃,𝑄𝑄)
𝜕𝜕𝜋𝜋(𝑄𝑄)
𝜕𝜕𝑛𝑛

𝑑𝑑𝑑𝑑

4𝜋𝜋𝜋𝜋 𝑃𝑃 = ∫𝑆𝑆1 𝐼𝐼1 𝑥𝑥,𝑦𝑦, 𝑧𝑧 𝑑𝑑𝑑𝑑1 + ∫𝑆𝑆1 𝐼𝐼2 𝑥𝑥′, 𝑦𝑦′, 𝑧𝑧′ 𝑑𝑑𝑑𝑑1

𝑥𝑥,𝑦𝑦, 𝑧𝑧 → (𝑥𝑥′,𝑦𝑦′, 𝑧𝑧′)

Exterior Field Calculation; XY, YZ, or XZ limitation
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Topology Optimization

Waveguide Example
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Conclusion

• Topology Optimization can lead to innovative and 
non-intuitive engineering solutions

• Auxiliary Constraints add further design 
requirements relevant for industry cases. 

• Solutions are now out in the Audio Industry!
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