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Spatial Resolution

Source: CSC.NOAA.gov



Spatial Resolution

Source: NASA Earth Observatory.

Landsat 8 image of 

Reykjavik, Iceland, 

acquired July 7, 

2019, illustrating 

the difference in 

pixel resolution. 



Spatial Enhancement

Source: ERDAS Imagine 8.5 sample image

Landsat 7 ETM +



Spatial Resolution Vs Spatial Extent

Generally, the higher the spatial resolution, the less area is covered by a single image.

Source: NASA’s Applied Remote Sensing Training Program

MODIS (250 m - 1 km) Landsat OLI (30 m)



Spatial Resolution Vs Spatial Extent

Generally, the higher the spatial 

resolution, the less area is covered by 

a single image.

CRCSI (2017) Earth Observation; Chris Roelsema, University of Queensland. Image credits: Quickbird—

Digital Globe Inc.; Landsat—USGS/Geoscience Australia; MODIS—NASA



Remote Sensing – Types of Resolution

Source: NASA’s Applied Remote Sensing Training Program

• Spatial Resolution

– Smallest spatial measurement

• Temporal Resolution

– Frequency of measurement

• Spectral Resolution

– Number of independent channels

• Radiometric Resolution

– Sensitivity of the detectors



Remote Sensing – Types of Resolution

Source: NASA’s Applied Remote Sensing Training Program

 Each resolution depends on the satellite orbit 

configuration and sensor design. 

 Resolutions are different for different sensors.



Spatial Resolution and Pixel Size

Source: NASA’s Applied Remote Sensing Training Program

A digital image is composed of a two-dimensional array of individual 

picture elements – called pixels – arranged in columns in rows;

• Each pixel represents an area on the Earth’s surface

• A pixel has an intensity value and a location address in the 2D image

• Spatial resolution is defined by the size of a pixel



Pixel Size

Source: NASA’s Applied Remote Sensing Training Program



Spatial Resolution

Source: John R. Jesen, 2015, 4th Ed;



Definition of Spatial Resolution

CRCSI (2017) Earth Observation

Spatial resolution defines the level of spatial detail depicted in an 

image. 

It is described as a measure of the smallness of objects on the ground 

that can be distinguished.

In this sense, spatial resolution is directly related to image pixel size.



Definition of Spatial Resolution

Source: Jones & Vaughn, 2010.

 FOV = field of view, defines the swath 

width.

 IFOV = instantaneous field of view, 

defines the angle of the individual 

sensors.

 GIFOV = ground instantaneous field of 

view, is the IFOV projected onto the 

ground.

 GSD = ground sample distance (from 

GIFOV, detector size), defines the 

resulting pixel size



Scanning Angle and Spatial Resolution

 For wide scan angles, as occurs 

with AVHRR, pixel size increases 

away from the center of an image 

swath. 

 This effect is further 

exaggerated by Earth curvature, 

especially for sensors imaging 

wide swaths such as AVHRR.

CRCSI (2017) Earth Observation; Breaker (1990)



Scanning Angle and Spatial Resolution

 When looking vertically down to Earth at the center of each scan line (or nadir), the sensor detects radiance 

from a circular ground area. 

 As the sensor looks away from the image center (off-nadir viewing), a larger ground area is imaged in both 

the along scan and along-track directions. 

 A greater increase in the imaged area occurs in the along-scan direction, resulting in the optical pixel

shape changing from a circle to an ellipse

CRCSI (2017) Earth Observation; Breaker (1990)



Source: John R. Jesen, 2015, 4th Ed; 

 Spatial and spectral resolution of the Landsat 

Multispectral Scanner (MSS), Landsats 4 and 5 

Thematic Mapper (TM), Landsat 7 Enhanced Thematic 

Mapper Plus (ETM+), Landsat 8 OLI, SPOTs 1, 2, and 3 

High-Resolution Visible (HRV), SPOT 5 High-

Resolution Visible Infrared (HRVIR) sensor, Pleiades 

HR-1, and Digital-Globe WorldView-2 sensor systems. 

 The SPOTs 4 and 5 Vegetation sensor characteristics 

are not shown (it consists of four 1.15 × 1.15 km 

bands).

Spatial Resolution Comparison



Source: John R. Jesen, 2015, 4th Ed; (Markham, 2011)

Landsat 8 characteristics



Source: NASA Earthdata

What Spatial Resolution Do I need

Different spatial 

resolutions can be 

used for specific 

observational or 

research needs. 

This image shows 

spatial resolution 

examples for 

common NASA sensor 

products and a 

research scale for 

which they are suited 

(regional, national, 

continental, etc.). 



Spatial enhancement

 Process of improving the spatial resolution, clarity, and 

detail of satellite imagery. 

 Improve the visual quality of an image

 It involves various techniques aimed at sharpening the 

image to reveal finer details.



Spatial enhancement techniques

 Spatial filtering: 

Applying filters to satellite imagery to enhance specific spatial 

features or reduce noise.

 Pan-sharpening (Resolution merge): 

Combining high-resolution panchromatic (black and white) imagery 

with lower-resolution multispectral (color) imagery to produce a 

single, high-resolution color image.



Types of Spatial enhancement techniques

 Super-resolution: 

Using algorithms to generate higher-resolution imagery from multiple lower-resolution images.

 Edge enhancement: 

Highlighting edges and boundaries within the image to improve visual clarity and 

interpretability.

 Resampling: 

Interpolating pixel values to adjust the spatial resolution of the image.



Spatial Frequency

Spatial frequency in the context of image processing refers to the 

rate of change of pixel intensity values across space within an 

image. 

It represents the variation in brightness or color within different 

regions of the image. 

Spatial frequency analysis is used to characterize the patterns and 

structures present in an image at different scales.



Spatial Frequency

 Low spatial frequency— an image consisting of a smoothly varying 
grayscale; eg; Terrain slopes, vegetation patches

 High spatial frequency - Represents features with rapid changes or 
sharp transitions in pixel values, eg; edge, boundary line, texture 
patterns



SPATIAL FILTERING

High-Frequency Kernels:

 A high-frequency kernel, or high-pass kernel, has the effect of 
increasing spatial frequency.

 High-frequency kernels serve as edge enhancers, since they bring out
the edges between homogeneous groups of pixels.
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-1    -1    -1

Source: John R. Jesen, 2015, 4th Ed; 



SPATIAL FILTERING

Low-Frequency Kernels:

 Below is an example of a low-frequency kernel, or low-pass kernel, which decreases
spatial frequency.

 This kernel simply averages the values of the pixels, causing them to be more
homogeneous. The resulting image looks either more smooth or more blurred.

1    1    1
1    1    1
1    1    1

Source: John R. Jesen, 2015, 4th Ed; 



SPATIAL FILTERING

After Low pass filtering After High pass filtering

Source: ERDAS Imagine 8.5 sample image



SPATIAL FILTERING

Source: John R. Jesen, 2015, 4th Ed; 



RESOLUTION MERGE/PAN-
SHARPEN

Source: Roland Perko, 2004

The idea of pansharpening is to combine a 

low-resolution multi-spectral image with

a high-resolution panchromatic image to one 

high-resolution multi-spectral one.

- Improves classifications accuracy

- Enhance the performance of the change 

detection

- Sharpen multi-spectral imagery



RESOLUTION MERGE/FUSION/PAN-
SHARPEN

The question remains why fusion is important. 

Most Earth observing satellites, such as:

- SPOT, 

- IRS, 

- Landsat 7&8, 

- IKONOS, 

- Quickbird or 

- OrbView, 

- plus modern airborne sensors,

provide both panchromatic images at a higher spatial resolution and multi-spectral images at a 

lower spatial resolution. 

Source: Roland Perko, 2004



RESOLUTION MERGE/FUSION/PAN-
SHARPEN

The reason why these sensors collect panchromatic and multi-spectral data at 

different spatial resolutions comes from the following considerations:

1. Incoming radiation energy:

A panchromatic image covers a broader wavelength range, in most cases the 

visible spectrum from 400 to 700nm [Gonzalez and Woods, 2001] (a range of 

300nm), while a multi-spectral red, green or blue band covers a narrow spectral 

range of about 70nm Each

Source: Roland Perko, 2004



RESOLUTION MERGE/FUSION/PAN-
SHARPEN

2. Data volume: 

Data volumes of high-resolution multi-spectral sensors are high. 

If only collecting a high-resolution panchromatic and lower resolution multi-spectral image, the 

data

volume is reduced. 

This solution can solve the problem of limited on-board storage capacity or limited data 

transmission rates from satellite to ground.

Source: Roland Perko, 2004
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