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1. SUMMARY OF KEY IDEAS 

This article reviews how remote sensing images are interpreted visually and processed digitally to 

support land management decisions. It explains how analysts use tone, colour, shape, size, 

texture, pattern, shadow, site, and association to identify land features. It then connects these 

visual clues with digital image processing concepts such as pixels, bands, enhancement, 

classification, and accuracy assessment. The final part explains how satellite images can be 

transformed into land cover maps for agriculture, water management, urban planning, and 

environmental monitoring. 

2. LEARNING OBJECTIVES 

By the end of this article, the student will be able to: 

• Explain the basic principles of visual image interpretation. 

• Identify key interpretation elements in aerial and satellite images. 

• Describe how digital image processing improves image analysis. 

• Compare enhancement, classification, and land cover mapping workflows. 

• Assess why validation is required before using a classified map for decisions. 

3. INTRODUCTION 

Remote sensing images are more than photographs. They are spatial records of how land, water, 

vegetation, buildings, and soils reflect or emit energy. To use these images correctly, the analyst 

must combine visual observation with digital processing. Visual interpretation helps us recognize 

what is visible, while digital processing helps us measure, enhance, classify, and validate the 

information. 

In land management, this combination is especially important. A single satellite scene may show 

crop fields, irrigation canals, settlements, water bodies, bare land, and degraded areas. Correct 

interpretation supports monitoring, planning, and policy decisions. However, mistakes can occur if 

the analyst relies only on colour or only on an algorithm. For this reason, image interpretation 

should be systematic, evidence-based, and supported by reference data. 

 

Quick check 

Look at any satellite image of an agricultural 

area. Can you distinguish water, fields, roads, 

and settlements using only visual clues? Which 

clue is most useful first: colour, shape, or 

pattern? 
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4. PRINCIPLES AND ELEMENTS OF IMAGE INTERPRETATION 

Visual interpretation begins with careful observation. The analyst first looks at the whole scene, 

then focuses on specific features. A strong interpretation is usually based on several clues rather 

than one clue alone. For example, a road may appear as a thin linear feature, but its association 

with settlements and its regular shape help confirm the interpretation. 

 

Figure 1. Agricultural fields with centre-pivot irrigation. Circular shape, regular pattern, and 

association with field infrastructure help interpretation. Source: NASA Earth Observatory image 

example. 

Main interpretation elements 

Tone / colour: Brightness and colour 

differences between surfaces. 

Shape: Geometric form, such as circular fields 

or linear roads. 

Size: Relative dimensions of objects 

compared with surrounding features. 

Texture: Smooth, medium, or rough 

appearance of the image surface. 

Pattern: Repeated arrangement of objects 

such as rows, grids, or circles. 

Shadow: Clue for height and object form, but 

may hide details. 

Site: Physical setting such as slope, valley, 

riverbank, or urban area. 

Association: Nearby features that commonly 

occur together. 
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4.1. VISUAL INTERPRETATION CLUES IN PRACTICE 

The same image can contain several levels of information. At first view, the analyst may see 

general land cover categories. With closer inspection, the analyst may recognize field boundaries, 

road networks, settlement clusters, drainage lines, irrigation systems, and land-use patterns. The 

interpretation should be recorded clearly so another person can understand the evidence behind 

the conclusion. 

  

Figure 2a. Example of satellite image features 

for visual interpretation. 

Figure 2b. Example of contrasting tones and 

spatial patterns in an image scene. 

How to read a scene systematically 

• Start with broad categories: vegetation, water, bare soil, built-up areas. 

• Move to more specific features: field boundaries, canals, roads, buildings, and tree rows. 

• Use context: a dark linear feature may be a canal if it is connected to irrigated fields. 

• Check uncertainty: shadows, clouds, mixed pixels, and seasonal differences can mislead 

interpretation. 

•  

Practical task 
Choose one visible feature in Figure 2. Describe 

it using at least three interpretation elements: 

colour/tone, shape, pattern, site, or association. 
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5. DIGITAL IMAGE PROCESSING CONCEPTS 

A digital remote sensing image is a raster dataset. It is composed of pixels arranged in rows and 

columns. Each pixel stores a numerical value for one or more spectral bands. These values are 

not only colours on a screen; they represent measurements made by a sensor. Processing 

transforms these measurements into information that can be interpreted, compared, and mapped. 

 

Figure 3. Pixel and band concept in digital imagery. Each band stores measured values for the 

same ground area. 

Key digital concepts 

Pixel Smallest unit of a raster image; represents a 

ground area. 

Band Layer of image values recorded in a specific 

wavelength range. 

Digital number Stored image value before or after calibration. 

Resolution Spatial, spectral, temporal, and radiometric 

detail of the image. 

Preprocessing Correction steps that make imagery suitable 

for analysis. 
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6. IMAGE ENHANCEMENT TECHNIQUES 

Image enhancement improves the visual quality of an image so that useful features become 

easier to recognize. It is important to understand that enhancement does not create new ground 

truth. It changes the display or local contrast of the data to support observation and interpretation. 

 

 

Figure 4. Example of image enhancement: contrast and display adjustments make features easier 

to distinguish. 

Common enhancement techniques 

• Contrast stretching expands a narrow brightness range and makes weak differences more 

visible. 

• Histogram equalization redistributes brightness values to improve contrast in many areas. 

• Spatial filtering can smooth noise or sharpen edges depending on the selected filter. 

• False-colour composites assign spectral bands to display colours to highlight vegetation, 

water, or soil. 

• Density slicing groups values into selected classes for rapid visual interpretation. 

•  

Important 

Enhanced images are useful for interpretation, 

but quantitative analysis should use properly 

corrected data and documented processing 

steps. 
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7. IMAGE CLASSIFICATION METHODS 

Image classification assigns pixels or image objects to land cover classes. The output is a 

thematic map where each category represents a surface type such as water, vegetation, bare soil, 

or built-up area. Classification is one of the most common ways to convert satellite imagery into 

usable map information. 

 

 

Figure 5. Basic classification logic: image data are grouped into meaningful classes. 

Method Main idea and use 

Supervised classification Uses labelled training samples. Suitable when 

reliable field or reference data are available. 

Unsupervised classification Groups pixels automatically. Useful for 

exploration, but clusters still need 

interpretation. 

Object-based classification Groups pixels into image objects and uses 

shape, texture, and context. Useful for high-

resolution images. 

Machine learning methods Learn patterns from training data and can 

handle complex class boundaries. 
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8. LAND COVER MAPPING USING SATELLITE IMAGES 

Land cover mapping identifies the physical surface materials and features visible on the Earth: 

water, vegetation, cropland, bare soil, forest, wetlands, snow, and built-up areas. Satellite images 

are useful because they cover large territories repeatedly and provide consistent measurements 

for monitoring change over time. 

 

Figure 6. General workflow from satellite image to land cover map. 

 

 

 

 

Figure 7. Example of a Central Asia land cover map with classes and legend. Source: Zhang et al. 

(2020), “The types of land cover in Central Asia in 2015” (CC BY 4.0). 

A clear land cover map should include a meaningful class system, a readable legend, a scale, a 

date, data source information, and accuracy information. Without these elements, users may 

misinterpret the map or apply it beyond its intended purpose. 
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9. ACCURACY ASSESSMENT AND MAP QUALITY 

A classified map must be validated before it is used for planning or scientific conclusions. 

Accuracy assessment compares the classification result with independent reference data. 

Reference data may come from field surveys, high-resolution imagery, existing maps, or expert 

interpretation. 

Example confusion matrix 

 Water Vegetation Bare soil Built-up 

Water 18 1 0 1 

Vegetation 1 22 2 0 

Bare soil 0 2 17 2 

Built-up 1 0 2 19 

Table 1. Simplified confusion matrix. Rows represent mapped classes; columns represent 

reference classes. 

Quality indicators to report 

• Overall accuracy: proportion of all validation samples correctly classified. 

• User’s accuracy: reliability of a mapped class for the map user. 

• Producer’s accuracy: how well reference samples of a class were captured by the map. 

• Main error sources: mixed pixels, spectral confusion, shadows, cloud cover, and poor training 

samples. 

Quality rule Never present a classified map as final without 

reporting how its accuracy was checked. 

  



 

Page 11 of 12 

10. PRACTICAL REVIEW EXERCISE 

Use the image in Figure 8 to practise interpretation. Work first individually, then compare your 

interpretation with classmates. The goal is not only to name features, but also to explain which 

visual evidence supports your decision. 

 

Figure 8. Real image example for interpretation practice. 

Exercise 

Identify at least four features in Figure 8. For 

each feature, write: (1) probable class, (2) 

evidence used, and (3) uncertainty or additional 

data needed for confirmation. 

11. CONCLUSIONS 

Visual interpretation and digital image processing are complementary skills. Visual interpretation 

helps the analyst understand the scene using evidence such as colour, shape, texture, pattern, 

and association. Digital processing helps improve image display, derive indices, classify land 

cover, and assess map accuracy. Together, these methods support reliable land monitoring and 

decision-making in agriculture, water resources, urban planning, and environmental management. 

For students, the most important lesson is to be systematic: observe carefully, use multiple clues, 

document the reasoning, and validate results whenever possible. A good interpretation is not a 

guess; it is a conclusion supported by visible evidence, digital analysis, and reference data. 
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Recommended self-study 

Open one Landsat or Sentinel-2 image of your 

region. Try to interpret it visually, enhance it, 

classify the main land cover classes, and 

compare your result with a reference map. 

 


