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Background

• unsupervised representation learning
• Find the feature representation with unsupervised method

• To provide information for downstream tasks (i.e. classification, object detection)

• contrastive learning
• for an anchor: positive samples + negative samples

• loss is about similaritis in feature space

• difficulty: choice of positive/negative samples

data 𝑥0

data 𝑥1
Network

classification
(similar or not)



Background

• manifold
• 流形，这里我们简单理解为一个曲面，如球面是一个流形

• 流形上的距离：测地距离，即在曲面上最短的距离。它的每个小邻域内的距离可看作
欧式距离，但大区域内欧式距离不再适用



Motivation

feature representation in 𝑅3 features may on a manifold



Motivation

• the Euclidean distance in implicit feature manifold: 
• only reveals the true semantic similarity in extremely small neighborhoods

• fails to provide the informative pseudo supervision for large neighborhoods

• try to:
• mines the feature manifold in an unsupervised manner

• utilizes a small neighborhood on the manifold to find positive samples 



Method



Method-Training of GAN

• 𝑖𝑡ℎ image as the anchor: feature triplet 𝒯𝑟 = 𝑓𝑖 , 𝑓𝑖
𝑝
, 𝑓𝑖

𝑛

• generator:
• to give a proxy feature 𝑓𝑖

𝑔 of feature triplet  𝒯𝑟 on the manifold

• input: 𝒯𝑟
• output: proxy feature 𝑓𝑖

𝑔

• synthetic triplet: 𝒯𝑠
𝑝
= 𝑓𝑖 , 𝑓𝑖

𝑔
, 𝑓𝑖

𝑛 , 𝒯𝑠
𝑛 = 𝑓𝑖 , 𝑓𝑖

𝑝
, 𝑓𝑖

𝑔

• discriminator:
• to accurately classify the real triplet 𝒯𝑟 and synthetic triplet 𝒯𝑠

𝑝
, 𝒯𝑠

𝑛

• input: 𝒯𝑟/ 𝒯𝑠
𝑝/ 𝒯𝑠

𝑛

• output: 𝐷(𝒯𝑟)(confidence score that the input triplet 𝒯𝑟 is real)/𝐷(𝒯𝑠
𝑝
)/ 𝐷(𝒯𝑠

𝑛)

to measure the semantic
similarity between the 
proxy and the positives or 
negatives



Method-Training of GAN

𝐷 𝒯𝑟 ↑ 𝐷 𝒯𝑠
𝑛 ↓ 𝐷 𝒯𝑠

𝑝
↓

accurately classify the real triplet 𝒯𝑟 from 
𝒯𝑠
𝑛 and 𝒯𝑠

𝑝

• 𝑖𝑡ℎ image as the anchor: feature triplet  𝒯𝑟 =
𝑓𝑖 , 𝑓𝑖

𝑝
, 𝑓𝑖

𝑛

• generator:
• to give a proxy representation 𝑓𝑖

𝑔 of anchor on the 
manifold

• input: 𝒯𝑟
• output: proxy feature 𝑓𝑖

𝑔

• synthetic triplet: 𝒯𝑠
𝑝
= 𝑓𝑖 , 𝑓𝑖

𝑔
, 𝑓𝑖

𝑛 , 𝒯𝑠
𝑛 = 𝑓𝑖 , 𝑓𝑖

𝑝
, 𝑓𝑖

𝑔

• discriminator:
• to measure the semantic similarity between the 

proxy and positives/negatives

• input: 𝒯𝑟/ 𝒯𝑠
𝑝/ 𝒯𝑠

𝑛

• output: 𝐷(𝒯𝑟)(confidence score that the input triplet 
𝒯𝑟 is real)/𝐷(𝒯𝑠

𝑝
)/ 𝐷(𝒯𝑠

𝑛)



Method-Training of GAN

• 𝑖𝑡ℎ image as the anchor: feature triplet 𝒯𝑟 =
𝑓𝑖 , 𝑓𝑖

𝑝
, 𝑓𝑖

𝑛

• generator:
• to give a proxy representation 𝑓𝑖

𝑔 of anchor on the 
manifold

• input: 𝒯𝑟
• output: proxy feature 𝑓𝑖

𝑔

• synthetic triplet: 𝒯𝑠
𝑝
= 𝑓𝑖 , 𝑓𝑖

𝑔
, 𝑓𝑖

𝑛 , 𝒯𝑠
𝑛 = 𝑓𝑖 , 𝑓𝑖

𝑝
, 𝑓𝑖

𝑔

• discriminator:
• to measure the semantic similarity between the 

proxy and positives/negatives

• input: 𝒯𝑟/ 𝒯𝑠
𝑝/ 𝒯𝑠

𝑛

• output: 𝐷(𝒯𝑟)(confidence score that the input triplet 
𝒯𝑟 is real)/𝐷(𝒯𝑠

𝑝
)/ 𝐷(𝒯𝑠

𝑛)

𝐷 𝒯𝑠
𝑝

↑ 𝐷 𝒯𝑠
𝑛 ↑

similar to 𝑓𝑖
𝑛: enables active feature 

manifold exploration
similar to 𝑓𝑖

𝑝: to mine more positive sets

set 𝛼 = 1



Method-Training of Feature Extractor

• for an anchor 𝑓𝑖 , the optimal proxy  𝑓𝑖
𝑔∗:

• enlarge the positive sample set 𝒫𝑖:
𝒇𝑗 = 𝒇𝑗 ∣ 𝒇𝑖

𝑔∗
− 𝒇𝑗 𝐹

< 𝑟, 𝐷 𝒯𝑠
𝑃 > ℎ

• x

•
to encourage the similarity between the 
anchor and all of its positive samples



Method-Training of Feature Extractor

• hard positive 𝒇𝑖
ℎ𝑎𝑟𝑑 = min

𝑓𝑘∈𝒫𝑖

𝑝𝑖𝑘

• 𝑝𝑖𝑘
ℎ𝑎𝑟𝑑: similarity between 𝒇𝑖

ℎ𝑎𝑟𝑑 and 𝒇𝑘

• x

• x

• use memory bank in MoCo method to reduce computational cost

to enhance the performance of hard positive



Experiment

• sample 5 triplets for a given anchor

• iterative training GAN and feature extractor for 4 rounds

• backbone of feature extractor: AlexNet, ResNet18 and ResNet50

• test method: accuracy of classification on CIFAR-10/CIFAR-100/SVHN/ImageNet

• classification method: Linear Classifier or weighted KNN



Experiment



Experiment

HPE: hard positive enhancement 



Experiment

HPE: hard positive enhancement 

ImageNet



Experiment



Discussion

• 无需通过图像增强或预先任务来选择正样本

• 架构清晰，通过流形的概念来说明方法的优势

• 通过对特征空间的变换，来获得更多的信息（正样本的选择），思路值得借
鉴

• 引入测地距离对比欧式距离来说明方法好，但并未对为什么自己方法得到的
是测地距离有更多论证，有点直接套上的意味

• 流形这一概念也只是直接使用，实质上可以理解为在特征空间中找到一个新
的表示，来提供更多的信息


