ERASMUS-EDU-2023-CBHE Duration: 36 months

Project number: 101129032 (01/01/2024 — 31/12/2026) MICRO-CREDENTIAL

LAND MANAGEMENT IN CENTRAL
ASIA

»
QLESLIE

10.- Introduction to Remote Sensing

Objectives of Remote Sensing

LAND MANAGEMENT
ENVIRONMENT &
SOLID-WASTE

Co-funded by /A TIIAME
the European Union

LM-W10-V65




»

(;ESLIE Lesson map

The topic is organised around purpose, system choice, and application.

Today we ask ...
1. Define the main objectives of remote sensing.
® What does “objective” mean in
remote sensing?
2. Link each objective to energy interaction and sensor
® What kinds of information can type.
remote sensing provide?

@ How do platforms, sensors, and
resolutions depend on the
objective?

® Which objectives are most
important in land, water,
agriculture, and planning?

3. Match objectives with platform and resolution needs.

4. Explain major application objectives with real examples.

® What advantages and limits should

bor e _ . o
We remember in practice 5. Review key benefits, trade-offs, and limitations.
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(;ESLIE What do we mean by “objectives” in remote sensing?

An objective is the information need that guides the entire observation system.

Real-world need Sensing question System choice Information product Decision or action
A practical problem What exactly must Which platform, Image, map, index, Interpretation for
or scientific task. be detected, sensor, timing, and class, or change planning,
measured, or resolution fit best? layer. management, or
mapped? research.
Key idea

Remote sensing begins with a purpose. If the objective is unclear, the data
may be expensive, poorly timed, or too coarse to answer the question.
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(;ESLIE Four core objectives of remote sensing

Most remote sensing tasks can be grouped into detection, identification, measurement, and monitoring.

Detect Identify or classify

Find whether an object, feature, or event is Distinguish one type from another. Example: crop
present. Example: locating burned areas, type mapping, land-cover classes, wetland versus
floodwater, or new construction. dry land.

Measure Monitor change

Estimate a physical quantity such as area, Compare observations through time to reveal
temperature, moisture, elevation, or vegetation trends, seasonal cycles, damage, recovery, or
condition. long-term transformation.

These four objectives often work together in one project.
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Remote sensing works because objects interact with electromagnetic energy in different ways.

Energy source Atmosphere
Sun for most Energy may be
passive systems, scattered,

absorbed, or
transmitted

or the instrument
itself for active

systems. before it reaches
the target and
the sensor.
Vegetation

Strong near-infrared response
helps show vigor and biomass.

Surface target
Water, soil,
vegetation,
buildings, and
snow reflect and
emit energy
differently.

Water

Usually has low reflectance in
many optical bands and unique
thermal or radar behavior.

Sensor

The sensor
records the
returned signal as
image values or
other data
products.

Why these objectives are possible: energy interaction

Spectral clues
Vegetation, soil,
and water often
look similar to the
eye, but they can
separate more
clearly across
visible, infrared,
thermal, or
microwave
wavelengths.

Bare soil / built surfaces
Different roughness, moisture,
and composition help separate
them from other targets.
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(;ESLIE Platform choice depends on the objective

Ground, airborne, and satellite systems each serve different scales and levels of detail.

Ground-based Airborne Satellite

® Best for local measurement ® Flexible timing and high “ Broad coverage and repeat
and calibration spatial detail observation

® Very high detail, but limited ® Strong for project-level “ Strong for regional to global
spatial coverage mapping and lidar surveys monitoring

® Useful for field surveys, ® Often used when satellite © Efficient for long time series
training data, and validation detail is not enough and change analysis

Regional / global

Local detail Project scale I
monitoring
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(;ESLIE Sensor choice depends on the objective

Passive and active sensors answer different kinds of questions.

Passive sensors Active sensors

® Send out their own signal and measure the
Use natural reflected or emitted energy &

return

® Common in visible, infrared, thermal, and ®
passive microwave sensing

e Strong for land cover, vegetation, surface
temperature, and many environmental
indicators

® Optical systems may be limited by clouds or ® Very valuable when cloud cover or night
low sunlight conditions are a problem

Examples include radar and lidar

® Useful for structure, elevation, roughness,
moisture, and some all-weather observations
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(;ESLIE Resolution is chosen for the objective

No single dataset is best for every purpose; resolution is a trade-off.

Spatial Spectral

How much ground area one pixel represents. How finely the sensor separates wavelengths.

Field boundaries or narrow roads need finer spatial Vegetation, minerals, and water quality often depend
detail. on spectral detail.

Radiometric Temporal

How sensitively the sensor records small energy How often the same place is observed again.
differences. Floods, crop growth, and seasonal change need
Subtle temperature or reflectance variation may frequent repeat imaging.

require better sensitivity.

Trade-off rule

A good remote sensing plan balances detail, revisit time, spectral information, cost, and
processing effort.
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QLESLIE From objective to data product

) 4

Remote sensing objectives become useful only after appropriate processing and validation.

1. Define 2. Acquire 3. Correct & 4. Extract
objective data enhance information
Common products Processing examples
Land-cover maps Georeferencing

Vegetation or moisture Atmospheric correction
indices Classification or

Flood or change layers segmentation

6. Deliver

5. Validate T

Validation sources
Field data

Reference maps
Independent samples
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(0 Major objectives in land and agriculture

Remote sensing is widely used to map, assess, and monitor the condition of managed land.

Focus area

Land and agriculture

Crop type mapping Crop condition monitoring

Identify what is growing and where it is located. Track vigor, stress, damage, or likely productivity.

Soil and salinity assessment Irrigation management

Support soil mapping, moisture interpretation, and Observe wetness patterns, water use signals, and field-
land suitability work. level differences.

Land use / land cover change
Compare dates to reveal conversion, expansion, or degradation.
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(0 Major objectives in water, environment, and hazards

Many objectives focus on detecting change early and supporting rapid response.

Surface water Snow and
extent glacier cover

Monitor change

Floods and Land degradation
drought and forests

Water quality
and sediment

These objectives often require repeat observation, rapid delivery, and sometimes active sensors that work under cloud cover
or at night.
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(;ESLIE Planning objectives and regional relevance

The same principles are highly relevant for Central Asia and similar dryland regions.

Planning and resource management objectives Central Asia / Uzbekistan examples

o, . .. L o
. Irrigation and crop monitoring in water-limited
Map urban growth and expansion patterns & P &

landscapes

¢ Support land-use planning and infrastructure 0 :
Soil salinity and land degradation assessment

studies

¢ Update thematic maps more efficiently than N Snowpack and glacier observation for water
repeated full field surveys supply understanding

® Observe settlement change, transport corridors, N Tracking desertification, shrinking water bodies,

and development pressure and land-cover change
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(;ESLIE Advantages and limitations when setting objectives

Remote sensing is powerful, but the objective must stay realistic.

Advantages Limitations and challenges

o _
: : Cloud cover, haze, shadow, or poor timing may
Large-area coverage in a consistent format

reduce usefulness

®
i . Different objectives need different resolutions
Repeat observation through time J

and processing skill

® erpe . o . . . .
Access to places that are difficult, expensive, or Field data are still needed for calibration,
unsafe to survey frequently training, and validation

! ) . ® . .

Multispectral, thermal, radar, and elevation Remote sensing shows signals and patterns;

information beyond normal visual observation interpretation still requires context
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(0 Integrated review: choose the system from the objective

A simple planning matrix helps connect questions, data, and outputs.

Objective Likely platform Useful sensor Resolution priority Typical output

Map field

. Airborne or satellite Passive optical Fine spatial Boundary map / base layer
boundaries P P Y LD 4 y
Track flood extent Satellite Radar or optical High temporal Flood map / change layer
Assess cro . .

L P Satellite Multispectral Spectral + temporal Index map / stress zones
condition
Measure elevation ) . . Appropriate .

Airborne or satellite Lidar or radar pprop DEM / canopy / terrain model

/ structure geometry

Monitor urban

growth Satellite Optical + time series  Spatial + temporal Expansion map / trend analysis

The main lesson: do not start with a favorite dataset. Start with the question, then choose
the system that answers it best.
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< Conclusion and references

Remote sensing objectives should always guide data choice, processing, and interpretation.

Key conclusion

Remote sensing is most effective when we clearly define what we want to detect, classify, measure, or
monitor, and then choose the platform, sensor, timing, and processing steps that match that objective.

Selected references

o i o
Shokiroy, S.5., Musaev, I. M., & Akbaroy, M. 5. (2015). NASA Earthdata. Earth Observation Data Basics.
Masofadan zondlash. Tashkent.

® Lillesand, T., Kiefer, R. W., & Chipman, J. (2015). Remote Sensing .
and Image Interpretation (7th ed.). Wiley. NASA Earthdata. Resolution.

. . . . .
Jensen, J. R. (.2015). Introgluctory Digital Image Processing: A NASA. What are passive and active sensors?
Remote Sensing Perspective (4th ed.). Pearson.

USGS. What is remote sensing and what is it used for? NOAA National Ocean Service. What is remote sensing?

For deeper study, review the references and compare how different authors link objectives to sensor physics, scale, and
application design.
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