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Advanced RS Technology

RS technology has significantly improved the earth observation ability. 

The characterization of features on the earth surface.
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Applications of RS Images

Interpretation of RS images plays important roles in 
many real-world applications. 

National security High definition map Precision agriculture

Smart city Disaster assessment Environ. monitoring
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Interpretation of RS Images

Current situation: Increasing demands for automatic interpretation

Image acquisition

 Inconsistency: multi-modal, multi-source 
RS images

Satellites on-orbit
 Variation: difference in spectral, spatial, 

and temporal properties
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Interpretation of RS Images

Current situation: Increasing demands for automatic interpretation

Large volume of images
 Challenge: geometrical shape, textural 

attribute, structural characteristic …

Manual interpretation 

Automatic interpretation 
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Blooming Data-driven methods

Content interpretation: data-driven methods for RS image interpretation.

RS Image Interpretation

Knowledge reasoning Statistical learning Machine learning Deep learning

3D reconstruction Object detection

Road extraction Building detection Change detection Segmentation
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Motivation

 Representative and large-scale RS image datasets with accurate annotations
are demanded to narrow the gap between algorithm development and real
applications.

 There is a lack of public platforms for systematic evaluation and fair comparison
of different algorithms.

 Huge-volume RS images v.s. limited data with labels

 Increasing number of datasets with different purposes and standards

 Ever-growing volume of RS images while very few of them are annotated with
valuable information.

 The generalization ability of algorithms for RS image interpreting is of great
urgency to be strengthened.
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Focus in the Past Decade

 A systematic investigation to the literature
 Journals with good reputation: ISPRS J. P&RS, RSE, TGRS …

 Meta-data for analysis: 5, 827 surveyed articles over the past decade

 Bibliometric analysis: title/topic/keywords … concerning image interpretation 

Selected journals Meta-data Bibliometric analysis
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Frequency Terms

 Interpretation mainly focus on classification tasks (scene, land cover, …)

 Change detection, segmentation, and object detection occupy prominent positions

 Deep learning and feature extraction play significant roles in RS image interpretation

Tag cloud 
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 RS scene classification datasets

 RS object detection datasets

Available Datasets for Interpretation



12

 RS semantic segmentation datasets

 RS change detection datasets

Available Datasets for Interpretation
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 Categories involved in interpretation 
 Small number of categories, content interpretation for specific objects

 Categories with equal relationship, chaotic management for semantic information

 Complex semantic categories and relationships in real applications, e.g., LULC

 Dataset annotation 
 Nearly all manually annotated by experts, extensive labor remains to relieve

 Visualization for large scale, hyperspectral RS images annotation is demanded

 Few from application departments

UC Merced, 21 classes, 2100 images NPWU VHR, 800 images, manually annotated

Some Critical Reviews
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 Image source
 Optical images (Google Earth) as data standard since spatial pattern, visual texture, 

structural information are more concerned (e.g., for scene/object recognition) 

 Hyperspectral, SAR images for abnormal object detection by the physical property

 Dataset scale
 Limited number, small image patches, performance saturation

 Lack of image variation, sample diversity, and content representation

 weak generalization ability of interpretation algorithms 

Simple scenes and complex reality

Some Critical Reviews
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Guidances to Benchmark RS II

 Toward real-world scenarios rather than specific algorithms
 Model training, testing, and screening for practical applications

 Rich samples with variation in background, scale, imaging conditions, …

 Annotation by application sides rather than algorithm developers
 Label images and samples considering practical challenges in applications  

Algorithm
designer

Application 
personnel

Algorithm 
oriented

Application 
oriented

Images Annotators Datasets
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 DiRS for dataset construction
 Diversity: between-/within-class diversity, complementarity of features

 Richness: large-scale images, sufficient samples, diverse characteristics  

 Scalability: sufficient space for data augmentation, sustainable availability

DiRS: Guidances to Benchmark RS II

Appearance

Illumination

Scale
Shape

Season Weather

Orientation

Structure

Texture

Diversity

Richness
Scalability

ResolutionDistribution

Sensor

Background

occlusion

Location

Time
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Geographic Information Integration

 Geographic information utilization
 Rich positional data with millions of point, line, and region objects 

 Inherent semantic tags for images of interest, image acquisition by Map API 

 

Searched baseball fields using Google Map API  

 Coordinates Collection for RS Image Acquisition
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Geographic Information Integration

 Open source data
 Geographic data with rich semantic information that is timely updated, low-cost 

and with large amount, e.g., OSM,WikiMapia …

 Excellent interface for data customization, information aligned with different maps

Elements of interest extracted from OSM  

 Coordinates Collection for RS Image Acquisition
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Geographic Information Integration

 Geodatabase integration
 Public geodatabases released by state institutions and communities

 Domain-specific geodatabase that is publicly available 

Public geodatabases available for image coordinates collection

National Bridge Inventory

Transit Stations

Interstate Highways

Water System

Protestant Churches

ESRI Open Data Hub 
……

 Coordinates Collection for RS Image Acquisition
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Annotation methodology

 Automatic Annotation
 Reduce the cost of annotation by leveraging learning models

 Bias problem deriving from the initialized data and model capability

Source image Annotated samples

Efficiency

Low cost

Manual Annotation
 Quality guarantee, but labor-intensive and time-consuming

 Hard to meet the scale requirements particularly for data-driven methods 



22

Annotation methodology

 Interactive Annotation
 Annotation with human-computer interaction, semi-automatic annotation

 Guarantee for quality and efficiency, toward large-scale dataset construction

General workflow of Semi-automatic annotation in RS images
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Quality Assessment

 Rules and Samples: annotation without ambiguity, specific samples for instructions

 Training of Annotators: well-qualified annotators for quality guarantee

 Multi-stage Pipeline: annotation task decomposition

 Grading and Reward: mechanism for incompetent/competent annotators

 Multiple Annotations: merge multiple annotations

 Annotation Review: expert/peer review and quality rating

 Spot Check and Assessment: gold data for annotation quality assurance
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Million-AID
 Scene Classification

Forest Grass land Parking lot Resid. area Indus. area Water Other

 High-level knowledge expression to RS image contents

 Semantic information recognition to local areas of RS images 
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Million-AID

The hierarchical scene category network of Million-AID

Chinese Land Use Classification Criteria 8 major categories with 51 sub-categories

 Category Organization
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Million-AID

The points of searched tennis courts shown in Google Earth. We consider the tennis courts as
point ground features and the Google Map API is employed for coordinates collection.

 Point coordinates obtained by Google Map API

 Semantic Coordinates Collection
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The points of wind turbines extracted from USWTDB and integrated in Google Earth. Over 60, 000
objects of wind turbines can be collected from the database.

 Point coordinates integrated from Geodatabase

U.S. Wind Turbine Database

Integrated W.T. data

 Semantic Coordinates Collection

Million-AID
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Million-AID

The river lines within a local area of China collected from OSM and displayed in Google Earth.

 Line features extracted from OSM

 Semantic Coordinates Collection
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Million-AID

The illustration of searching scenes of airports around the world. An airport in OSM contains a large
amount of semantic tags, which can be employed to search it with specific key-value attributes.

 Plane features customized on OSM

Airport in OSM Semantic tags Data customization

Collected features

 Semantic Coordinates Collection
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Million-AID

The acquisition of RS scene images based on the collected geographic point, line and area data. Points:
centers of scene blocks. Lines: sampled by intervals. Planes: sampled by mesh grids.

 Image block produced by line, point, and plane data

 Scene Image Acquisition
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Million-AID

UC-Merced WHU-RS19

 Categories：21

 Image size：256x256

 Resolution： ~ 0.3m

 Number of images：2100

 Categories：19

 Image size：600x600

 Resolution：0.2 ~ 10m

 Number of images：950

Million-AID

 Categories：51

 Image size：110~30,000

 Resolution：0.2 ~ 153m

 Number of images：1M

 A Glimpse of Comparison
 Million-AID: DiRS, better approximate real applications 
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Challenges and Perspectives

 Visualization technology for RS image Annotation
 Hyperspectral images: band selection, dimension reduction, clustering?... 

 Large-scale images: how to display?

 SAR images: images/signal expression with physical means? 

 Annotation Efficiency
 Annotation tools: professional tools for  RS image annotation

 Noisy annotations: noise cleansing, performance impact, noise tolerant algorithms

 Cooperation with application departments: from production data to benchmarks?

 How to speed up the annotation process?
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Challenges and Perspectives

Annotation tools for image dataset construction

 Speed up the annotation process
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Conclusions

 A review of annotated datasets for RS image interpretation
 Covering literature published over the past decade

 A systematic review of the existing RS image datasets concerning the current 

mainstream of RS image interpretation tasks

 Guidances to build RS image benchmarks
 DiRS: on creating benchmark datasets for RS image interpretation

 A picture of coordinates collection, methodology for RS image dataset construction

 An example for dataset construction : Million-AID
 A large-scale benchmark dataset for RS image scene classification
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