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바이올린
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저의 대학원 생활은 방황과 교수님의 무관심 덕분에..
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https://www.youtube.com/watch?v=6rBrm0o22l4

https://youtu.be/1GdCKdYk5ak

https://www.youtube.com/watch?v=6rBrm0o22l4
https://youtu.be/1GdCKdYk5ak
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문제 정의 : 무엇을 어떤 목적으로 최적화 할 것인가?
- 무엇: 설계 대상, Domain, 경계조건
- 목적: 최적화 목적 (강성, 부피, 고유진동수, 음질…)

이슈 & 한계: 계산량, 제한적인 목적함수

Bi-directional Evolutionary Structural Optimization on Advanced Structures and 
Materials: A Comprehensive Review

https://www.researchgate.net/publication/309650579_Bi-directional_Evolutionary_Structural_Optimization_on_Advanced_Structures_and_Materials_A_Comprehensive_Review
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TopOpt Game - be the optimizer



12



/3613

ZX

Y

Density

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15

ZX

Y

Density

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15

X Y

Z

Density

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15Violin bridge [3]

(Filtering characteristics)
Violin plate [2]

(Shape of nodal line)

Musical bell [1] 
(eigenvalue, radiation efficiency)

[1] Yu and Kwak, Design Sensitivity Analysis of Acoustic Damping and its Application to Design of Musical Bells Design, Structural 
Multidisciplinary Optimization, 2011
[2] Yu, Jang, Kim and Kwak, Nodal Line Optimization and its Application to Violin Top Plate Design, Journal of Sound and Vibration, 2010
[3] Yu and Kwak,  Topology Optimization of Violin Bridges, Journal of Sound and Vibration, under review

Optimization of Musical Instruments: Examples



Optimization of Musical Bells

• Characteristics of bell sounds
– Frequencies of 

overtones(eigenvalue)
– Acoustic damping  (radiation eff.)

/3614

Eigenmodes



Optimization of violin plate (Nodal Line Optimization)

/3615

Thickness distribution of violin plate

Nodal lines of violin plate (tuned)

• Radiation efficiency
• Position of Nodes & antinodes



/3616

Initial nodal line

Optimized nodal line

Optimization of violin plate (Nodal Line Optimization)



» Transfer
•transverse force from string 
into normal force to violin body

» Hold & Keep
•strings from violin body

» Important part for tuning violin
•balance spectral envelope
•Replaceable part

Topology Optimization of Violin Bridge

17/36



Generation of Violin Sound

Idealized bowed string motion

The relationship between the input waveform of 
the violin and the output waveform

(a)  Input waveform

(b)  Bridge 
response

(c)  Body response

(d)  Output waveform Frequency(kHz)

18/36



Dunnwald  Frequency Band for Violin Timbre 

Timbre parameter Definition Comment

Bass A - B High values for good and bass-rich 
violins

Nasality ACD – B High value for ‘non nasal’ violins; lo
w values for ‘nasal’ violin

Clarity DE - F High values for ‘clear’ violins;
Violins with low values sound ‘harsh’

Old Italian violins

Modern “master violin”

factory violin

Response curves of three groups of violins.

Calculated levels of each Dunnwald frequency band for the 
average LTAS produced by 15 violins by A. Stradivari and 15 

violins by G. Guarneri del Gesu. (Buen, 2007)
19/36

“Bridge Hill”



• Mechanical filter, transmitter or resonator
• What is the optimal structure?

Motivation

?

20 /36

Topology optimization technique is applied.



Results

Bridge Hill

Modern bridge

21

1st In-plane resonance Bass

/36

Baroque Bridge

Maximize



Tuning Violin Sound with Optimized Violin Bridge
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Input
Wav File

Partial
Strength

Band -
Averaged
Strength

Band-
Averaged
Strength

Input
Signal

Output
Wav File

Tuned
Partial

Strength

Output
Signal

recording wavread() Fourier transform(fft())

playing wavwrite() Inverse Fourier transform(ifft())

Parameter Tuning
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Martin Schleske
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2016.3.15



282017.5.17
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ESOSIMP

*evolutionary structural optimization**solid isotropic microstructure with penalization



33 https://mavt.ethz.ch/content/dam/ethz/special-interest/mavt/department-
dam/news/documents/sigmund-presentation-dls-hs-15.pdf

!"
!#=?

https://mavt.ethz.ch/content/dam/ethz/special-interest/mavt/department-dam/news/documents/sigmund-presentation-dls-hs-15.pdf
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10억?!
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https://www.digitalengineering247.com/article/topology-optimization-
methods/

응력이 낮은 20% 물질을 제거하라!

https://www.digitalengineering247.com/article/topology-optimization-methods/
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SIMP vs. ESO
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ESOSIMP ML
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특정한 과제에 대해서

경험을 통해

성능을 향상시키는 것

인공지능

기계학습

딥러닝

경험을 통해 데이터를 모아서
패턴을 분석해서 성능을 향상시키는 것
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가능한 적은 수의 변수로 구조를 표현할 수
있는가? 
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Encoder
Network

Decoder
Network

latent vector

Encoder
Network
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https://arxiv.org/abs/1801.05463
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33X33

4

2X2

32X32

64 64
64

16X16

128 128

8X8

128 256 256 256 4X4

32X32

64 128
128

16X16

128 256

8X8

256 256 512

21

Convolution operation(3x3) + ReLU activation + Stride 1

Max pooling (2x2)

Up-sampling (2x2)

4X4
513

4X4

Latent
variables

Mass
Fraction

512

Convolution operation(3x3) + Sigmoid activation + Stride 1

Force and geometric 
boundary conditions

Optimized structure

Wi x Hi

Di

Wf x Hf

Wo x Ho

Do
(Depth of input & output)

(size of filter)

(Size of input & output)

Design
Domain

https://arxiv.org/abs/1801.05463
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https://arxiv.org/abs/1801.05463

Low resolution High resolution Low resolution High resolution

Predicted structure Optimized structure
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3차원도 해야하고..

BC를 더 일반화 해야하고..

설계 Domain이 변했을 때 어떻게 처리해야하나..

근처는 잘 찾는데 Optimum은 아니고…

…
..
….
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SIMP ESO AI
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경험(과거 해석 데이터)를 통하여

우리가 몰랐던 패턴을 발견하여

기존 알고리즘을 점점 발전시킬 수 있지 않을까?
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기존 최적설계 머신러닝 알고리즘

Optimization
Scheduler
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https://arxiv.org/pdf/1704.05831.pdf

https://arxiv.org/pdf/1704.05831.pdf
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https://arxiv.org/abs/1709.09578
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FEM RL

New design

Reward

어디에 구멍을 뚫고 채울 것인가??
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과거 경험으로부터 알고리즘을 점점 개선시킬 수 있지 않을까?
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기존 최적설계 머신러닝 알고리즘

Optimization
Scheduler

최적설계의가속화 목적함수의다양화
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• 기존에 공학적으로 정의하기
힘들었던 것 (개인의 취향, 제작성,
심미성)을 고려한 최적설계

(숙명여대기계공학과강남우교수)
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MLESOSIMP Rule basedMath
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관찰 가설 해석

실험

결과

관찰 ML 결과

Machine learning (귀납적문제해결기법?)

고전적인학문 (연역적문제해결기법?)

재현성
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Hidden Figures (2017)



70



71



72

골다공증성 골절

• 골량 감소 및 골질 악화로 인해 골강도가감소하여 골절위험성이증가하는 골격계 질환

*KAIST 장인권, 계명대 김정진 교수 협업
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78µm resolution 625µm resolution

78µm resolution

정확한 골다공증 진단을 위한 저선량 CT 사진 고해상화
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SRCNN
[Dong, 2016]

SR-GAN
[Ledig, 2017]

Pixel Recursive SR
[Ryan, 2017]

• CNN 구조를 이용한 최초의 고
해상화 논문

• Resnet 구조 및 GAN 을 고해상
화에 적용한 최초의 논문

• Discriminator loss를 이용하여
보다 사실적인 복원이 가능.

• 고해상화 결과를 다시 입력으
로 사용하여 Recursive 하게 고
해상화.
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기계적 자극 골재형성과정 골 미세구조

- 골 재형성 과정은최소의골량으로 주어진 기계적 자극에 대해최대의
기계적효율을 얻는 골 미세구조를 생성함 (Wolff’s law, 1892) 
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• 위상최적설계는 외부하중을가장효과적으로지지할수있는구조를탐색하는 최적설계
방법이며, 골 재형성(p.28)에서의 기본 원리인 Wolff’s law와 개념적으로 유사*

• 위상최적설계를 통해 저해상도의료영상의골밀도분포를골미세구조로재구성 가능**
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* Jang, I.G., Kim, I. Y., & Kwak, B. B. (2009) 
** Kim, J.J., Nam, J. & Jang, I.G. (2018)
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Concatenate

Conv (3x3) + ReLU + Batch Normalization

Max Pooling Upsampling Sigmoid

204x204 (data size)

102x102

51x51
17x17

51x51

102x102

204x204

64
128

256

512
256

128
64 1

64

17x17

Conv (2x2) + ReLU + Batch Normalization

204x204 204x204

18x18

Low-res. High-res. 

Disp. (x6)

64Kernel size
128

256
256

128 64

ACSMO 2018, Best Student Paper

구조적인 정보고려 방안(p.32)
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https://doi.org/10.1016/j.buildenv.2018.05.026

https://doi.org/10.1016/j.buildenv.2018.05.026
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- 원자로설계기술
- 원자로 노심 설계
- 내부구조물 최적설계

- 원자로물리현상분석
- 핵연료 및 핵분열
- 유동 및 열교환 해석
- 내진해석
- 유체 고체 연성해석

- Digital Twin
- Model based RL
- Data driven modeling

- 원자로진단기술
- 고장 감시 및 예지 진단
- Anomaly detection

- 원자로사고대응

- 방사선응용기술
- 플랜트 배관 건전성 감시
- 영상의료
- 통관 X-ray
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*전력경제신문
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*박진호, 원자로계통의 금속이물질 감시시스템, 2013 원전계측제어 심포지엄(NuPIC 2013)
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l 후쿠시마사고와같은상황에도안전한원자로

http://www.corys.com/en/steps/article/digital-twin-challenge-nuclear-power-plants
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Simulation
(Surrogate, 
Digital Twin)

model

Control &
Monitoring

Real
Environment

• 복잡한 다물리 현상을빠르게 모사할 수 있는가?
• 어떤데이터를 생성할 것인가?
• 실제 데이터와 차이는?
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The final goal of this study is to construct a surrogate model for the coupled 
Rattlesnake-BISON models
The computational cost needed for the construction of surrogate models for a 
multi-physics model can be significantly reduced if one employs dimensionality 
reduction to identify the effective DOF.
Another important conclusion of this study is that while fine mesh simulation is 
highly needed to accurately describe the multi-physics nature of system 
behavior, it comes at a great cost.
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사고발생

Decision1 Decision2 Decision3 Decision4

Safe or
Not ?
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IC
Lab

AI Doctor, AI 가정의학과, AI 상상팩토리

원자력연
구원

기술수
요자

AI
기술제공

업체
컨설팅
POC project

핵심 인공지능
기술 고도화


