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Image Enhancement
Techniques

An introduction to techniques that improve the visual
appearance of remote sensing images and make important

features easier to detect. I I I —_— I I I
1 all I m
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Low contrast Enhanced contrast

Focus: contrast stretch,
histogram methods, density
slicing, filtering, edge
enhancement, and color-based
enhancement

Designed for undergraduate learners in remote sensing
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(;ESLIE Learning objectives and overview

Learning objectives

Define image enhancement and explain why

T Contrast stretch Histogram Density slicing
itis used. methods
Distinguish between visual enhancement Expand tonal range. Redistribute Highlight value

. . . brightness. intervals.
and information extraction.
Describe key techniques such as contrast
st're.tchmg, hl.stogram methods, density Spatial filtering Edge Color
slicing, and filtering. enhancement enhancement
|ldentify suitable enhancement methods for Smooth or sharpen. Emphasize Improve visual

boundaries. discrimination.

different remote sensing tasks.
Understand the strengths and limitations of
enhanced images.

Interpret

Inputimage = Enhance Inspect

Image enhancement improves visibility and interpretability, but it does not automatically add new information.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE What is image enhancement?

Better visual clarity Feature emphasis

Make important features easier to IMAGE ) Highlight edges, textures, and
see. patterns.

ENHANCEMENT

Improved separation Task support

Increase contrast between Assist mapping, interpretation,
classes or surfaces. and analysis.

Enhancement techniques may be applied for human interpretation or as a preparation step before automated analysis.

The main purpose is to reveal useful image details more clearly.

ment
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= Contrast stretching

Before and after Histogram effect
Before After

Original histogram Stretched fmistogram
- - - -

-

Simple and widely used.
Improves overall visual contrast.

May be linear, piecewise linear, or based on selected
minimum and maximum values.

Linear stretch expands a narrow range of DN
values to use a larger display range.

Contrast stretching is often the first enhancement applied to a low-contrastimage.
——LESLIE « Remote Sensing.and.Land-Management
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(;ESLIE Histogram equalization and normalization

Original Equalized Normalized
Brightness values are Brightness values are redistributed Values are adjusted to a common
concentrated in a limited portion more evenly to improve contrastin statisticalrange for easier
of the display range. many areas. comparison.

\
\

Histogram equalization can reveal subtle variation, while normalization helps standardize image values.
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~ Density slicing

Low

Continuous grayscale values

Moderate
‘ High
Very high
Grouped into selected value classes Transforms continuous values into easy-to-read classes.
Common in thematic displays and quick visual
Useful for highlighting ranges such as temperature, elevation, or interpretation.
water depth.

\

Density slicing is a simple way to turn grayscale imagery into a more interpretable thematic view.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE Spatial filtering overview

/ Moving \

window

) i (i
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N /

Spatial filters use neighboring pixels to modify the value of a target pixel, allowing smoothing, sharpening, and local feature
enhancement.

Filtering considers spatial context rather than single pixels alone.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE Smoothing filters

4 )
Water surfaces Remove speckle-like variation in
relatively uniform areas.
\ /
4 )
Large fields Create more homogeneous agricultural
zones.
N / \*\ /
\ /
Noisy image Smoothed
image 4 R
Pre-analysis Prepare the image for subsequent
Reduce random noise and small variations. step processing.
Often used before classification or segmentation. \ )

Too much smoothing may blur boundaries and fine detail.

Smoothing filters suppress noise but may also remove useful detail if overused.
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(;ESLIE Sharpening and edge enhancement

Why edges matter

High-pass filters

Emphasize abrupt local changes in
brightness.

—————— Laplacian operators

Highlight fine boundaries in many
directions.

a boundary

Original Enhanced
edges

Unsharp masking

Sharpen a scene by combining original
and blurred versions.

Sharpening and edge enhancement make roads, field boundaries, channels, and built structures easier to recognize.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE Color enhancement and color composites

True color and false

Changing band assignments can improve
the visibility of vegetation, water,
moisture, and urban features.

Color enhancement helps separate surface materials that may appear similar in a standard display.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE Principal component and ratio-based enhancement

Vegetation index view Enhances green biomass and plant
vigor.
PCA/
ratios
Band 1 Band 2 Band 3 Soil and moisture Supports dryland and salinity
contrast studies.
\ S
Band ratios reduce illumination effects and emphasize 4 Vari Highlich oA Loatt b )
. . ariance |g |g t may reveal patterns not obvious
reFatpnshlps between bandg. . ' in original bands.
Principal component analysis condenses information and
may highlight subtle variation. N\ <

Some enhancement techniques emphasize spectral relationships rather than only display contrast.

ment
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(;ESLIE Choosing the right enhancement technique

Goal Suggested Why useful

e " N
Improve overall image visibility Linear contrast stretch Quickly broadens tonal range.

\ J

4 N\
Reveal subtle local differences Histogram equalization Redistributes brightness to show hidden detail.

\, v

s N
Highlight selected value classes Density slicing Makes thematic intervals easier to read.

\ J

s N
Reduce noise Mean or median smoothing Produces more homogeneous areas.

\ J

4 N\
Emphasize boundaries High-pass or edge filters Clarifies edges of roads, fields, and channels.

\, v

The best enhancement method depends on the study objective and the characteristics of the image.
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Agricultural monitoring

Contrast stretch and false-color display
help separate crop vigor differences.

Practical examples in remote sensing

Water mapping

Density slicing and band-based
enhancement make water bodies easier
to distinguish.

Urban analysis

Sharpening and edge enhancement
improve roads, buildings, and block
patterns.

Disaster mapping

Enhancement helps identify burn scars,
flood extent, or damage zones quickly.

Enhancement techniques are selected according to the type of feature or process the analyst wants to highlight.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE Limitations and best practice

:

Enhanced images may look clearer without being Start simple Use linear stretch or basic color
te enhancement first.
more accurate. . . L )
Over-enhancement can create misleading
. . 4 )
appearances or ampllfy noise. ) Match the Choose methods according to the feature you
Different methods may change the visual objective want to highlight.
impression of the same scene. B <
Some enhancements are useful for display but e N
not suitable for quantitative analySiS Compare V.iew original and enhanced versions side by
outputs side.
\ /
4 )
Document Keep a record of parameters for transparency
settings and reproducibility.
\ /

Good enhancement supports interpretation, but careful judgmentis still required.

—LESLIE « Remote Sensing.and-.Land-Management
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(;ESLIE References and further reading

Campbell, J. B., & Wynne, R. H. (2011). Introduction to Remote Sensing (5th ed.). Guilford Press.
Jensen, J. R. (2015). Introductory Digital Image Processing: A Remote Sensing Perspective (4th ed.).
Pearson.

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

NASA Earth Observatory. Resources on image interpretation, contrast, and false-color imagery.
USGS EROS Center. Landsat and remote sensing tutorials for image display and enhancement.
ESA EO College. Introductory learning materials on spectral enhancement and image analysis.

Suggested activity: apply two different enhancement techniques to the same image and explain which land features become easier to recognize

\ 2 /
in-aach caca ‘ /
mrreatCrCasc:
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