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Outline

• Background

▪ Domain Adaptation

• Multi-Target Domain Adaptation

▪ General methods

▪ Multi-Target Adversarial Frameworks for Domain Adaptation in Semantic 

Segmentation (ICCV 2021)

▪ ADAS: A Direct Adaptation Strategy for Multi-Target Domain Adaptive Semantic 

Segmentation (CVPR 2022)
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Background

• Domain Adaptation

▪ Why was the Domain Adaptation created?

−Limitation

҉ Model training을위해서기본적으로 training data / labeled data가필요함

҉ Labeling에대한 cost가비싸거나 training data를만드는것이불가능한
경우가존재함

−Transfer learning

҉ 이미알고있는지식을이용해서새로운상황을학습시킴

҉ Transfer learning 기법중 domain adaptation이존재
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Background

• Domain Adaptation

▪ What is Domain Adaptation

− Source domain으로 pretrained된 decision boundary는 target domain에 대해서유효하지못함

− Source domain으로 학습된네트워크가 target domain에서도 유효하게사용가능하도록
학습시키는방법
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Background

• Domain Adaptation

▪ Gap minimization

− Source domain과 target domain과의 domain gap을줄이는방법

Decision 

boundary

Gap 

minimization

Decision 

boundary
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Background

• Domain Adaptation

▪ Gap minimization

− Adversarial training

҉ Source dataset에대한 classification error는최소화

҉ Target과 source를구분하는 domain discrimination의 성능저하시켜 domain에
상관없이 robust한결과를나타내도록학습
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Background

• Domain Adaptation

▪ Visualization
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Multi-Target Domain Adaptation

• Single-Target Domain Adaptation vs. Multi-Target Domain Adaptation

▪ Single-Target Domain Adaptation

− 1개의 source domain으로 학습된네트워크가 1개의 target domain에서도 유효하게사용
가능하도록학습시키는방법

−다양한상황이존재하는 real-world 조건에서적용불가능
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Multi-Target Domain Adaptation

• Single-Target Domain Adaptation vs. Multi-Target Domain Adaptation

▪ Multi-Target Domain Adaptation

− 1개의 source domain으로 학습된네트워크가 N개의 target domain에서도 유효하게사용
가능하도록학습시키는방법
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Multi-Target Domain Adaptation

• General Methods

▪ Training multiple single target domain adaptation network

− N개의 target domain에 대해 N개의 single-target domain adaptation model을 학습하여 1개의
multi-target domain adaptation model으로 knowledge distillation 수행

҉ Pretrained single target domain adaptation model의 성능에따라 model 성능제한

✓각각의 Single target domain adaptation model의 label predictions이 부정확할수록
model performance가 저하됨

▪ Merging target domain

− N개의 target data에대해 single target으로합쳐서 single-target domain adaptation model을
학습시키는방법

҉ Target domain 간의 distribution shifts를 고려하지않음

✓Source-target 간의 distribution shift도 존재하지만 target 간다른 dataset을
사용하므로 target-target distribution shift도 존재함
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Discriminator

− Merging target domain에 기반한 framework

− Two types의 discriminator를 통해 alignment 수행

҉ Source-target discriminator : source와 target 간의 distribution align 수행

҉ Target-target discriminator : target간의 distribution align 수행
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Discriminator

− Source-target adversarial alignment

҉ Source set의경우 class 1(source), target set의경우 class 0(target)으로 분류하도록
학습하여 source set으로부터 target set을 discriminate

҉ 각 target set에대한 segmenter output을 class 1(source)로분류

҉ Target dataset이 source dataset으로 distribution alignment 수행
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Discriminator

− Target-target adversarial alignment

҉ N번째 target set은 class 1로분류, 다른 target set은 class 0으로분류하도록학습시킴

҉ N번째가아닌 target set의 segmenter output을 class 1로분류하도록학습시킴

҉ Target dataset간의 distribution alignment 수행
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Discriminator

− Segmenter

҉ Source dataset의 prediction이 GT label image와 같아지도록 segmenter를 학습시킴

҉ Target datasets을 source로구별하도록 discriminator를 학습함과동시에 source 

dataset에대한정확도를높여 multi target에대한 segmenter의 성능향상

҉ 기존의 Merging target domain의 target간의 distribution shifts 문제를해결
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Target Knowledge Transfer

− Training multiple single target domain adaptation network에기반한 framework

҉ Adversarial training의 instability를 main challenge로 설정

҉ 여러개의 adversarial loss가 joint minimize되면 target prediction이 noisy한 training phase 

초기단계에서 instability의 문제가발생함

҉ Target간의 direct alignment를 수행하지않고 knowledge distillation을 이용함으로써
문제점해결
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Multi-Target Domain Adaptation

• MTAF

▪ Multi-Target Knowledge Transfer

ㅇㅇ

− Target-specific classifier

҉ Source set의경우 class 1 (source), N번째 target set의경우 class 0 (target)으로
분류하도록학습진행

҉ N번째 target set을 class 1으로분류하면서 source prediction이 label과같도록학습



20

Multi-Target Domain Adaptation

• MTAF

▪ Multi-Target Knowledge Transfer

−ㅇㅇ

− Target-agnostic classifier

҉ N개의 target-specific classifier를각 target set에대한 teacher model, target-

agnostic을 student model으로설정하고 prediction은각각 𝑃𝑛,𝑥(𝑘), 𝑃𝑥(𝑘)정의

҉ 각 target dataset에대해서두개의 prediction이같아지도록학습 (KD)
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Multi-Target Domain Adaptation

• MTAF

▪ Experiments
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Multi-Target Domain Adaptation

• ADAS

▪ N개의 Single-Target Domain Adaptation model을훈련하는방식이아닌하나의
Multi-Target Domain Adaptation network로학습

▪ 두개의 sub-modules으로구성

− MTDT-Net : 각 target의 attribute를 source domain으로 transfer시키는 module

− BARS : Feature statics가동일한 pixel을 선택하는 module

Existing MTDA method ADAS



23

Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

Encoder를통해서 Source와
target images의 features 추출

Source와 target features을
generator에 통과시켜

reconstructed image를 생성
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

Reconstructed images와 original images의
L1 loss를통해 generator의 성능을높임
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

Source images의
style feature 추출

source의 style feature를
Target의 style feature로

transfer
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

DST

Source style feature를 target style feature로 transfer

두개의 TAD ResBlock (Conv, TAD, ReLU 조합)으로구성

TAD

Target의 mean과 variance을 FC layer를 통과시켜 scale과
bias으로사용해 normalized input을 modulate시킴
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

GT label을 1x1 conv layer에
통과시켜 content feature 𝐶𝑆 추출 Content feature를 source feature,

transferred style feature와 합성하여
각각 𝐹𝑆

′, 𝐹𝑆→𝑇𝑘 feature 추출하며

reconstructed image 생성
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

Reconstructed images와 original 

images의 L1 loss를통해
generator의 성능을높임
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

҉ Reconstructed image가 original와 L1 loss상차이가없도록학습

҉ Reconstructed transferred image가 target image와 구별이안되게생성되도록학습

҉ Reconstructed transferred image가 target class label과일치하도록학습

҉ Perceptual network의 hidden layer에서 source image와 transferred image의 feature 

space간차이를줄여 source의전반적인구조를유지하도록학습
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

− Adversarial discriminator와 domain classifier로 구성된 multi-head discriminator 사용

҉ Adversarial discriminator : image가 real인지 fake인지구분

҉ Domain classifier : Input images의 domain이 어떤 domain에 해당하는지 prediction
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

҉ Reconstructed transferred image와 target image를 잘구별하도록학습

҉ Target dataset의 target class label을 잘구별하도록학습
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Multi-Target Domain Adaptation

• ADAS

▪ MTDT-Net: Multi-Target Domain Transfer Network

− Multi-target domain transfer 결과
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Multi-Target Domain Adaptation

• ADAS

▪ BARS: Bi-directional Adaptive Region Selection

− Ambiguous 또는 noisy label region은 model performance을 제한

−해당영역에대해서 filtering 작업수행하여정확한 criterion을 얻게됨
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Multi-Target Domain Adaptation

• ADAS

▪ BARS: Bi-directional Adaptive Region Selection

Target과 transferred domain의 feature 

map을통해서각 class에대한 centroid 

feature를 추출
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Multi-Target Domain Adaptation

• ADAS

▪ BARS: Bi-directional Adaptive Region Selection

Feature와 가장가까운 centroid를
찾아내어 label과다를시 filtering
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Multi-Target Domain Adaptation

• ADAS

▪ BARS: Bi-directional Adaptive Region Selection
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Multi-Target Domain Adaptation

• ADAS

▪ Experiments


