Chapter 2
Thinking About Imagery

Introduction

This chapter introduces the fundamental concepts that define imagery—its structure, uses,
and classification. More importantly, the chapter introduces the four fundamental steps
required to rigorously consider the type of information to be extracted from imagery, and
how those considerations will drive all decisions you make about acquiring, using, serving,
and classifying imagery. These steps form the foundation of imagery workflows and shape
the structure of this text.

What Is Imagery?

Images capture and store data measured about locations. Historically, most imagery was
captured on film, and stored and displayed on either film, glass, or paper. Now, nearly all
imagery is captured digitally and stored in a gridded form. Even historical paper maps and
photos are often now scanned and stored as digital images such as the vegetation maps of
Sonoma County from the 1960s shown in figure 2.1.
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Figure 2.1. A scanned and registered soil vegetation map created from 1960s aerial photography
overlaid onto 2013 imagery in Sonoma County, California.

Many images are measurements of reflected or emitted electromagnetic energy (dis-
cussed more in chapter 3) captured by a sensor, whether it's the camera on your cell phone,
the magnetic resonance imaging device in a medical laboratory, or a sophisticated sensor on
an unmanned aerial vehicle, an airplane, or a satellite. Other types of imagery data include
scientific measurements of a location's properties, such as its precipitation, temperature, or
water depth and flow.
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Imagery Data Structure

As measurements, all images are continuous data. Continuous data is measured on a con-
tinuum and can be split into finer and finer increments, contingent upon the precision of
the sensor making the measurements. Sensors that capture imagery return numerical val-
ues within a range defined by the sensing instrument.

Most remote sensors collect data in a rectangular array, and remotely sensed data not
captured in a rectangular array is usually resampled into a rectangular array after col-
lection. Examples of image data include imagery collected from optical sensors, such as
that collected by USGS's Landsat satellites and by contractors collecting aerial National
Agricultural Imagery Program imagery for the USDA.

Discreet point location measurements, such as those from weather stations or buoys,
are also represented in a rectangular array. Three-dimensional (x, y, and z) point data, such
as that collected by lidar sensors, is referred to as a point cloud, but also often transformed
into a rectangular array for both visualization and analysis (figure 2.2).

Figure 2.2. Lidar returns from a Teledyne Optech Titan bathymetric lidar system. The image is color
coded by elevation for both topographic height and water depth. Source: Teledyne Optech.

Image files are structured as gridded rectangular arrays or raster data, with each cell
representing a measurement value captured by the remote sensing measurement. The data
is stored as rows and columns of contiguous rectangular cells laid out in a grid (figure 2.3).
Each cell contains a value. The values may be integer or floating point. The cells of an image
raster are often referred to as picture elements or pixels and contain data values that mea-
sure some characteristic of each cell's location, such as its temperature, elevation, or spec-
tral reflectance.

Because each cell has both a row and column location within the grid, the cells have
inherent coordinates even though those coordinates may still need to be converted to map
coordinates if the imagery is to be used in a GIS with other GIS layers (see chapter 6 for
more information on georeferencing imagery).
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Figure 2.3. A two-dimensional raster grid. Most imagery is stored as a raster where each cell is
referred to as a pixel and has an associated x and y coordinate.

Imagery and GIS

If imagery data has geographic coordinates, it can be incorporated into a GIS as a layer and
registered with the other geographic layers in the GIS. This overlay capability is the fun-
damental concept upon which GIS operates. When combined with other GIS data, imag-
ery transcends its status as merely a picture and becomes a true data source that can be
combined, compared, analyzed, and classified with other data layers of the same area, as
shown in figure 2 .4.

33.746851, -118.321296

Figure 2.4. Imagery as a GIS layer
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For use in a GIS, imagery is usually stored as it has been collected: in raster format.
Point imagery data can be converted to raster data either by giving the cells between the
sample points values of zero or by interpolating between the sample points. Similarly, line
and polygon data can also be converted to raster representations and so handled similar to

images.

Rasters versus Vectors

GIS data is stored as either rasters or vectors. Vectors represent the world with
points, lines, or polygons. A point is one location represented by x, y, and z coordi-
nates. A line is a linear connection between points. Sometimes lines are connected
into a network of topologically connected lines. A polygon is a set of lines joined
together to enclose an area. Polygons are drawn to outline the shape of an object
of interest.

Rasters divide the landscape into a grid of equal-area rectangular cells. The rectan-
gular shape of an individual cell does not represent a specific object on the ground.
Rather, the cell is an arbitrary delineation. Lines or polygon shapes on the ground
are represented by connected raster cells, as shown in figure 2.A.

Most imagery is collected as raster data, which is why most imagery is captured
and stored as rasters. Because of the simple structure of rasters, raster spatial anal-
ysis is relatively uncomplicated. However, unlike vectors, rasters do not have mean-
ingful boundaries. In a raster, a lake is a cluster of spatially adjacent cells classified
as water. There is no way to analyze the lake as a singular object—it is merely a col-
lection of connected water cells. In a vector system, a lake is a polygon object with
a defined boundary, which also carries information about the other objects sharing
its boundary. As a result, we can measure the size of the lake, analyze the wildlife
habitat next to the lake, and measure the distances from the lake to cabins. Vector
spatial analysis is usually more computationally intensive than raster analysis, but
vectors also better represent the shapes of the world as they actually exist, with
curves and straight lines. As a result, vector maps are more aesthetically pleasing.
Fortunately, raster maps can be converted to vector maps and vice versa, which
means that map users can thoughtfully choose which data structure will best meet
their needs. However, conversion from raster to vector or vector to raster data
introduces changes that can potentially create errors, and care must be taken when
this process is performed.
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Figure 2.A. Representation of points, lines, and polygons in vector and raster formats
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Characteristics of Rasters

Because most imagery is captured and stored as rasters, it is important to understand the
characteristics of rasters, such as type, bands, and cell size.

Type

The cells of rasters can contain either continuous or discrete values. As mentioned ear-
lier, image data is continuous. However, when we classify an image into information, the
resulting values can be either continuous, as in an elevation model (figure 2.5), or discrete,
as in a land use map such as that shown in figure 2.6. Unlike continuous data, discrete data
classes cannot be mathematically divided more finely. Discrete information can take on
only finite predefined values such as “tank,” “lake,” “urban,” “forest,” “building,” or “agricul-
ture.” Rasters of discrete values represent information that has been classified from image
data; they are no longer considered images, but are rather now raster format maps.

Pixel value — 585.82 feet

Pixel value — 128.61 feet

Figure 2.5. An example of a continuous raster in the form of a digital elevation model (DEM)
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Figure 2.6. A thematic map showing discrete land-cover classes present in the Coastal Watershed in
southeastern New Hampshire created from Landsat 8 imagery

Bands

Imagery measurements are collected and stored in raster bands. For example, a panchro-

matic image raster includes only a single band of measurements, shown as a single layer

in figure 2.3, and is typically shown in grayscale. Multispectral imagery contains sev-

eral bands of measurements, as shown in figure 2.7. Figure 2.8 shows a portion of Landsat
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imagery over Sonoma County, California. The numerical values of the cells of three bands
of the seven-band image are displayed. When the red, green, and blue bands are displayed
in the red, green, and blue colors of a computer screen they create the natural-color image
of figure 2.8.

BAND 1

BAND 2

BAND 3

BAND n

Figure 2.7. Multispectral data. If more than one type of measurement is collected for each cell, the
data is called multispectral, and each type of measurement is represented by a separate band.
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Figure 2.8. The numerical values of three bands of Landsat imagery over a portion of Sonoma
County, California.
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