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Important Remarks
● The logical connectivity between proposed 

methods.
● Motivations and contributions.
● Statistical properties of datasets and their 

relation with the results.
● Granularity of labeling.
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Problem Definition (Informal)
● Assigning multiple labels to remotely sensed 

images is made possible by setting up 
relationships between specific image 
features and individual labels.

● If multiple mapped image features are found 
in a given image, multiple labels are 
assigned to the image.

Trees, pavement, building, ...
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Problem Definition (Formal)
● Assume that D is the matrix of training data. Then, a 

machine learning method can be defined as follows:

● Where Y is a multihot encoded array of binary 
vectors. For each relevant label of each image, 
there is a 1 in the respected column of the label in 
Y.

F :D→Y
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Datasets: DFC15 Multi-Label
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Datasets: AID and UCM Multi-Label Datasets
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Datasets: Ankara Dataset
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Datasets: Summary
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Datasets: Summary
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Our Proposed Solutions: ARSI-TL
● Motivation

– Label relation information in small and 
imbalanced datasets may not be as effective 
as with larger datasets.

– To test this hypothesis, a straightforward 
CNN-based model is developed.
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Our Proposed Solutions: ARSI-TL (cont’d)
● There are two subnetworks in the proposed model:

– A pre-trained VGG16 for image feature extraction (as shown in 
blue box).

– A fully-connected dense layer form feature classification (as 
shown in purple box). Trainabl

e
Non-Trainable
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Our Proposed Solutions: ARSI-TL (cont’d)
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Our Proposed Solutions: ARSI-TL (cont’d)
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Our Proposed Solutions: ARSI-TL (cont’d)
Dataset Name #Method

s
ARSI-TL PDLS

Ankara Dataset 2 1 0.588
0

DFC15 Multi-Label 
Dataset

3 2 0.019
4

AID Multi-Label Dataset 4 3 0.099
0

UCM Multi-Label 
Dataset

6 3 0.096
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Our Proposed Solutions: SS-MLA
● Motivation

– Learning from small and imbalanced datasets 
might be a challenging task for advanced models.

– It is hard to find large and labeled datasets.
– An efficient method is needed that both learns 

from small labeled datasets and able to extend 
its knowledge from large unlabeled datasets.
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Our Proposed Solutions: SS-MLA
Semi-Supervised Multi-Label Annotizer (SS-MLA):
● Vector Quantized Temporal Associative Memory 

(VQTAM)
● VQTAM & SOM unsupervised
● SS-MLA:

– target labels supervised, clustering unsupervised in the 
learning process.

– semi-supervised method.
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Our Proposed Solutions: SS-MLA (cont’d)
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Our Proposed Solutions: SS-MLA (cont’d)
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Our Proposed Solutions: SS-MLA (cont’d)
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Our Proposed Solutions: SS-MLA (cont’d)
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Our Proposed Solutions: SS-MLA (cont’d)
Dataset Name #Method

s
SS-
MLA

PDLS

Ankara Dataset 3 2 0.588
0

DFC15 Multi-Label 
Dataset

4 2 0.019
4

AID Multi-Label Dataset 5 2 0.099
0

UCM Multi-Label 
Dataset

7 3 0.096
2
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Final Thoughts
● Sophisticated methods may not perform as effective as simpler 

methods in small, non-diverse, and imbalanced datasets.
● Showed that semi-supervised methods such as SS-MLA can 

generalize better in small, non-diverse, and imbalancced datasets.
● Several datasets are collected and get together to be able to make 

a fair comparison and all of the proposed methods are tested and 
evaluated on multiple datasets.

● To overcome the problem shown in the first bullet, a novel semi-
supervised method is introduced to the relevant literature.
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Future Work
● This study fouces on multi-label classification of remotely 

sensed images.
● We will expand the scope of this study to cover the multi-

label classification of images other than the remotely 
sensed ones.

● We will also add the attention mechanism to the expanded 
version of the proposed method. We expect that the 
attention mechanism will increase the success of the 
proposed method.
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