Using OpenCV and Diffusion Models for Optical
and SAR Images Matching

1 Introduction and Background

Optical imagery is abundant and readily accessible from a wide range of plat-
forms, including popular services such as Google Earth and Apple Maps, as
well as numerous free and commercial remote-sensing archives. These optical
images capture the Earth’s surface by recording reflected sunlight across visi-
ble and near-infrared wavelengths, offering intuitive, high-resolution views that
closely resemble what the human eye would see.

In contrast, Synthetic Aperture Radar (SAR) imagery is generated through
an entirely different principle. Instead of relying on passive sunlight, SAR sys-
tems actively transmit microwave pulses from a satellite or aircraft toward the
Earth’s surface and then measure the strength and phase of the signals that
bounce back. Because radar waves can penetrate clouds, haze, and even light
vegetation, and because they operate equally well in darkness, SAR provides
consistent all-weather, day-and-night imaging capability. This unique advan-
tage makes SAR one of the most reliable and versatile technologies in modern
Earth observation.

Despite their complementary strengths, optical and SAR images differ fun-
damentally in appearance, geometry, and radiometric properties. Successfully
matching, aligning, or fusing these two types of imagery—so that correspond-
ing features can be accurately related—remains an important and actively re-
searched topic in remote sensing and computer vision.

e For students’ research project.

Objectives: Face matching and comparisons.

Contents: Doing research methods, C++ or Python for coding, academic
writing, and I¥TEX for typesetting, etc.

Class meeting time: Weekly.

e Course manner: Remotely, zoom meetings.



2 Optical and SAR Image Matching Methods

We can address this imageﬂ matching problems in three ways:
1. From optical to SAR images.
2. From SAR to optical images.

3. From both sides to the rendez-vous.
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Figure 1: Three ways to match optical and SAR images.

3 Key Steps for Matching

You can align optical imagery from Google Earth Engine with SAR data by
accounting for fundamental geometric and radiometric differences. Key Steps
for Matching

3.1 Acknowledge Geometry Limits

Google Earth optical views are central or plan projections, while SAR uses
slant-range geometry. High vertical structures like buildings or poles cause
“layover” and shadow distortions in radar that do not match optical overheads.
(https://www.osti.gov/servlets/purl /1890785)

e Synthetic Aperture Radar Image Geolocation Using Fiducial Images|

3.2 Match Acquisition Timestamps

Pick optical and SAR data from the exact same date or season. Changes in
vegetation, water levels, or rebuilding skew comparisons.

e Integrating Synthetic Aperature Radar Imagery in Landslide Detection.

e Combining optical and SAR satellite data to monitor coastline changes in
the Black Sea.

IThe images are from SAR. vs Optical satellite Imagery: Strengths, Limitations, and Best
Use Cases.



https://www.osti.gov/servlets/purl/1890785
https://earthlab.colorado.edu/blog/integrating-synthetic-aperature-radar-imagery-landslide-detection
https://www.sciencedirect.com/science/article/pii/S0924271625001844
https://www.sciencedirect.com/science/article/pii/S0924271625001844
https://satpalda.com/sar-vs-optical-satellite-imagery
https://satpalda.com/sar-vs-optical-satellite-imagery

3.3 Apply Speckle Filtering

Smooth the “salt-and-pepper” noise inherent in radar data using spatial filters
like a median or focal mean filter before overlaying.

e Google Earth Engine Tutorial-65: Crop Type Detection using Multi-
Temporal SAR Images.

e [Sentinel-1 SAR Backscatter Analysis Ready Data Preparation in Google
Earth Engine.

3.4 Transform to a Shared Modality

Use cross-sensor feature descriptors or deep-learning translation models to con-
vert SAR backscatter intensity and optical RGB values into a unified feature
space.

e Matching of SAR and optical images based on transformation to shared
modality.

e Semantic segmentation of single SAR imagery leveraging historical Sentinel-
1 and Sentinel-2 data.

In summary, OpenCV provides the broad, high-performance foundation for
detecting and matching visual features in general images, powered with the
latest LLM, we can have a highly accurate tools for geo detection, alignment,
and recognition. Their combination remains one of the most practical and
significant toolkit for real-world image matching applications.

4 OpenCV — The Core Computer Vision Engine

OpenCV (Open Source Computer Vision Library) is the industry-standard li-
brary for classical and modern computer vision. To match an image to an
existing image in OpenCV, your choice of approach depends entirely on how
much the image has changed. You can use Template Matching for exact pixel
copies, or Feature Matching if the image has been rotated, resized, or shot from
a different angle.

Its significance in image matching comes from:

e Matching algorithms selection: Efficient nearest-neighbor matchers
(BFMatcher, FlannBasedMatcher), ratio test (Lowe’s ratio), RANSAC-
based geometric verification, and homography/fundamental matrix esti-
mation.

e (Optional) Rich set of feature detectors and descriptors: SIFT,
SURF (legacy), ORB, AKAZE, BRISK, and others allow robust detection
of key points and computation of descriptors that are invariant to scale,
rotation, and (to varying degrees) illumination.


https://www.youtube.com/watch?v=1dC6Q0xg5to
https://www.youtube.com/watch?v=1dC6Q0xg5to
https://www.mdpi.com/2072-4292/13/10/1954
https://www.mdpi.com/2072-4292/13/10/1954
https://arxiv.org/abs/2602.12515
https://arxiv.org/abs/2602.12515
https://www.sciencedirect.com/science/article/pii/S1569843226000300
https://www.sciencedirect.com/science/article/pii/S1569843226000300

e (Optional) Speed and practicality: Highly optimized C++ core with
Python bindings, GPU acceleration options, and real-time performance
on CPU for many matching pipelines.

e End-to-end pipelines: From image loading and preprocessing to visual-
ization of matches, OpenCV supplies nearly every building block needed
for general-purpose image matching (object recognition, panorama stitch-
ing, visual SLAM, image retrieval, etc.).

5 Paper Writing

This includes two aspects:

e Student can write a clear and organized paper, with the depth of analysis

in the project.

e The student can use BTEX and other related software for typesetting.

6 Course Schedule & and Contents

Table |1f shows contents, with 1-hour live session per week. Note: The timeline
is flexible and may be adjusted based on the project progress and individual
learning background and pace.

Table 1: Course Schedule & and Contents

Week Phase Topic Focus & Deliverable

1 Foundation Course introduction Schedule, how to do research

2 Topic selection Research area selection Defining the research question
and learning how to find sources.

3 Dev env. Ubuntu environment set Introduce dev environment.

up

4 Coding tools vim, web interface Getting the Dev environment
ready.

5 Coding C++4+ or Python pro- Syntax and OOP fundamentals

gramming for CV.

6 Coding C++4+ or Python pro- Other techniques for CV.

gramming, advanced

7 Coding Data collections Using Al-assisted to accelerate
data gathering.

8 Coding Vibe coding, TRAE Using Al-assisted coding
(Vibe/TRAE) to  accelerate
code writing.

9 Coding The fundamentals image Template/feature matching in

matching

Opencyv.




Week Phase Topics Focus & Deliverable

10

11
12

13

14

15
16

Coding Programming for image Multiple ways for image match-
matching ing, shown in Figure

Data science Data pre-processing Data science related topics.

Processing Collecting date For experimental results and data
collection, analysis.

Typesetting ETEX typesetting Use IMTEX to write professional
papers.

Reference tools Use reference tools Jabref, Gnuplot and Draw.io us-
age.

Writing tools Paper writing How to write an academic paper.

Publication Academic Paper Writing Writing our paper for publica-
tion.

6.1

Time Distribution

The Table 2] shows the estimate of time distribution of this project.

Table 2: Time distribution

Component  Percentage
Background  15%
Research 30%
Coding 35%
Writing 20%
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