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Forward 
 
This paper presents a summary of current remote sensing technology.  It begins with a 
historical review of the basics of this discipline.  Current methodologies are then 
presented and discussed.  The paper concludes with an examination of some future 
considerations.  The material summarized in this paper, as well as more detail on all of 
these topics, can be found in the classic remote sensing texts by Campbell (2007), Jensen 
(2005) and Lillesand, Kiefer, and Chipman (2008). 
 
1. Introduction 
 
Remote sensing can be defined as learning something about an object without touching it.  
As human beings, we remotely sense objects with a number of our senses including our 
eyes, our noses, and our ears.  In this paper we will define remote sensing only as it 
applies to the use of our eyes (i.e., sensing electromagnetic energy) to learn about an 
object of interest.  Remote sensing has both a scientific component that includes 
measurements and equations as well as a more artistic or qualitative component that is 
gained from experience.   
 
The field of remote sensing can be divided into two general categories: analog remote 
sensing and digital remote sensing.  Analog remote sensing uses film to record the 
electromagnetic energy.  Digital remote sensing uses some type of sensor to convert the 
electromagnetic energy into numbers that can be recorded as bits and bytes on a computer 
and then displayed on a monitor. 
 
2. Remote Sensing 
 
2.1 Analog Remote Sensing 
 
The first photograph was taken around 1826 and the first aerial photograph was taken 
from a balloon above Paris in 1858 (Jensen 2007).  However, the real advantages of 
analog remote sensing were not evident until World War I and became even more 
important in World War II.  The military advantages of collecting information remotely 
are obvious and the methods for using aerial photography were rapidly developed.  By 
the end of World War II there was a large group of highly trained personnel capable of 
doing amazing things with aerial photographs. 
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The field of analog remote sensing can be divided into two general categories: photo 
interpretation and photogrammetry.  Photo interpretation is the qualitative or artistic 
component of analog remote sensing.  Photogrammetry is the science, measurements, and 
the more quantitative component of analog remote sensing.  Both components are 
important in the understanding of analog remote sensing.  However, this paper will 
concentrate more on the photo interpretation component, especially how it relates to the 
development of digital remote sensing.  It is interesting to note that photogrammetry can 
stand alone as its own discipline and has developed a large base of knowledge and 
applications.  Early uses of digital remote sensing tended to not be very dependent on 
many of the concepts of photogrammetry.  Recently, however, with the increase in spatial 
resolution of many digital remote sensors, photogrammetry has again become a very 
relevant component of not only analog but also digital remote sensing.  
 
Photo interpretation allows the analyst to deduce the significance of the objects that are of 
interest on the aerial photograph.  In order to deduce the significance of a certain object, 
the interpreter uses the elements of photo interpretation.  There are seven elements of 
photo interpretation: (1) size, (2) shape, (3) site, (4) shadow, (5) pattern, (6) tone/color, 
and (7) texture.  Each element by itself is helpful in deducing the significance of an 
object.  Some objects can easily be interpreted from a single element.  For example, the 
Pentagon building is readily recognized just based on its shape.  However, the 
interpreter/analyst gains increased confidence in their interpretation if a greater number 
of elements point to the same answer.  This concept is called “the confluence of 
evidence”.  For example, if the object of interest looks like pointy-shaped trees and is in a 
regular pattern and the shapes are small and they cast a triangular shadow and the photo 
is from the New England states, then the analyst can be very certain in concluding that 
this area is a Christmas tree farm.   
 
Photo interpretation is accomplished by training the interpreter to recognize the various 
elements for an object of interest.  The training is done by viewing the aerial photos, 
usually stereoscopically (i.e., in 3D), and then visiting the same areas on the ground.  In 
this way, the interpreter begins to relate what an object looks like on the ground to what it 
looks like on the aerial photograph.  The uses of the elements of photo interpretation aid 
the analyst in deducing the significance of the objects of interest. 
 
Analog aerial photographs are limited to the wavelengths of the electromagnetic 
spectrum (i.e., light) that can be sensed with film.  These wavelengths include the visible 
portion of the spectrum plus ultraviolet and near or photographic infrared.  Since there 
are only 3 additive primary colors (Blue, Green, and Red) and the complementary 3 
subtractive primary colors (Yellow, Magenta, and Cyan), film is limited to a maximum of 
3 emulsion layers.  This limitation is by definition of primary colors.  A primary color 
can not be further broken down into any component parts.  Therefore, the origins of any 
object on the film can be readily derived since it is composed of these subtractive primary 
colors (one for each emulsion layer).  While historically black and white films (including 
ultraviolet, panchromatic, and black & white infrared) were commonly used, today the 
majority of aerial film is color film (either natural color or color infrared).  Because of the 
3 emulsion layer limitation, it is not possible to have the three wavelengths of light that 
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our eyes see (Blue, Green, and Red) plus near infrared (NIR) on the same film.  Natural 
color film senses the blue, green, and red light and creates photographs that emulate what 
our eyes see.  Color infrared film (CIR) is not sensitive to blue light, but only green, red, 
and NIR light.  These photographs look odd to the novice because human beings are not 
used to seeing in NIR.  However, CIR aerial photographs are incredibly useful for many 
applications especially what has been termed “pre-visual stress detection” in vegetation.  
Healthy vegetation reflects highly in the NIR portion of the electromagnetic spectrum, 
causing healthy vegetation to appear as magenta on a CIR photo.  Vegetation that is 
stressed because of drought or pollution or insect infestation, etc. has lower NIR 
reflectance that is readily visible in a CIR photograph.  This stress is then “visible” on the 
CIR photo before it is visible to the human eye.   
 
2.2 Digital Remote Sensing 
 
While analog remote sensing has a long history and tradition, the use of digital remote 
sensing is relatively new and was built on many of the concepts and skills used in analog 
remote sensing.  Digital remote sensing effectively began with the launch of the first 
Landsat satellite in 1972.  Landsat 1 (initially called the Earth Resources Technology 
Satellite – ERTS) had two sensors aboard it.  The return beam vidicon (RBV) was a 
television camera-like system that was expected to be the more useful of the two sensors.  
The other sensor was an experimental sensor called the Multispectral Scanner (MSS).  
This device was an optical-mechanical system with an oscillating mirror that scanned 
perpendicular to the direction of flight.  It sensed in four wavelengths including the green, 
red, and two NIR portions of the electromagnetic spectrum.  The RBV failed shortly after 
launch and the MSS became a tremendous success that set us on the path of digital 
remote sensing. 
 
Since the launch of Landsat 1, there have been tremendous strides in the development of 
not only other multispectral scanner systems, but also hyperspectral and digital camera 
systems.  However, regardless of the digital sensor there are a number of key factors to 
consider that are common to all.  These factors include: (1) spectral resolution, (2) spatial 
resolution, (3) radiometric resolution, (4) temporal resolution, and (5) extent. 
 
2.2.1 Spectral Resolution 
 
Spectral resolution is typically defined as the number of portions of the electromagnetic 
spectrum that are sensed by the remote sensing device.  These portions are referred to as 
“bands”.  A second factor that is important in spectral resolution is the width of the 
bands.  Traditionally, the band widths have been quite wide in multispectral imagery, 
often covering an entire color (e.g., the red or the blue portions) of the spectrum.  If the 
remote sensing device captures only one band of imagery, it is called a panchromatic 
sensor and the resulting images will be black and white, regardless of the portion of the 
spectrum sensed.  More recent hyperspectral imagery tends to have much narrower band 
widths with several to many bands within a single color of the spectrum. 
 

mpeterson
Highlight

mpeterson
Highlight

mpeterson
Highlight

mpeterson
Highlight



 4 

Display of digital imagery for visual analysis has the same limitation as analog film (i.e., 
3 primary colors).  However, since digital imagery is displayed through a computer 
monitor, the additive primary colors (red, green, and blue) are used.  Therefore, a 
computer display is called an RGB monitor.  Again, a maximum of 3 bands of digital 
imagery can be displayed simultaneously.  If panchromatic imagery is displayed then that 
single band is displayed through all three components of the computer monitor (R, G, and 
B) and the image will be in gray scale (black and white).  However, if a multispectral 
image is displayed, then the analyst must select which bands to display through which 
components of the monitor.  To display a natural color composite, the analyst would 
display the blue band through the blue component of the monitor, the green band through 
the green component, and the red band through the red component.  This image would 
appear just as our eyes would see it.  However, many other composite images can be 
displayed.  For example a Color Infrared Composite would display the green band 
through the blue component of the monitor, the red band through the green component, 
and the NIR band through the red component.  This composite image looks just like a 
CIR aerial photograph.  It is important to remember that only 3 bands can be displayed 
simultaneously and yet many different composite images are possible. 
 
2.2.2 Spatial Resolution 
 
Spatial resolution is defined by the pixel size of the imagery.  A pixel or picture element 
is the smallest two-dimensional area sensed by the remote sensing device.  An image is 
made up of a matrix of pixels.  The digital remote sensing device records a spectral 
response for each wavelength of electromagnetic energy or “band” for each pixel.  This 
response is called the brightness value (BV) or the digital number (DN).  The range of 
brightness values depends on the radiometric resolution.  If a pixel is recorded for a 
homogeneous area then the spectral response for that pixel will be purely that type.  
However, if the pixel is recorded for an area that has a mixture of types, then the spectral 
response will be an average of all that the pixel encompasses.  Depending on the size of 
the pixels, many pixels may be mixtures. 
 
2.2.3 Radiometric Resolution 
 
The numeric range of the brightness values that records the spectral response for a pixel 
is determined by the radiometric resolution of the digital remote sensing device. These 
data are recorded as numbers in a computer as bits and bytes.  A bit is simply a binary 
value of either 0 or 1 and represents the most elemental method of how a computer 
works.  If an image is recorded in a single bit then each pixel is either black or white.  No 
gray levels are possible.  Adding bits adds range.  If the radiometric resolution is 2 bits, 
then 4 values are possible (2 raised to the second power = 4).  The possible values would 
be 0, 1, 2, and 3.  Early Landsat imagery has 6 bit resolution (2 raised to the sixth power 
= 64) with a range of values from 0 – 63.  Most imagery today has a radiometric 
resolution of 8 bits or 1 byte (range from 0 – 255).  Some of the more recent digital 
remote sensing devices have 11 or even 12 bits. 
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It is important to note the difference between radiometric resolution and dynamic range.  
The radiometric resolution defines the potential range of values a digital remote sensing 
device can record.  Dynamic range is the actual values within the radiometric resolution 
for a particular image.  Given that the sensor must be designed to be able to record the 
darkest and brightest object on the Earth, it is most likely that the dynamic range of any 
given image will be less than the radiometric resolution. 
 
2.2.4 Temporal Resolution 
 
Temporal resolution is defined by how often a particular remote sensing device can 
image a particular area of interest.  Sensors in airplanes and helicopters can acquire 
imagery of an area whenever it is needed.  Sensors on satellites are in a given orbit and 
can only image a selected area on a set schedule.  Landsat is a nadir sensor; it only 
images perpendicular to the Earth’s surface and therefore, can only sense the same place 
every 14 days.  Other sensors are pointable and can acquire off-nadir imagery.  This 
ability increases the revisit period (temporal resolution) of that sensor.  However, there 
can be issues introduced in the image geometry and spectral response for images taken 
from too great an angle from vertical.   
 
Temporal resolution often determines whether a particular remote sensing device can be 
used for a desired application.  For example, using Landsat to monitor river flooding in 
the Mississippi River on a daily basis is not possible given that only one image of a given 
place is collected every 14 days.   
 
2.2.5 Extent 
 
Extent is the size of the area covered by a single scene (i.e., footprint).  Typically, the 
larger the pixel size (spatial resolution), the larger the extent of the scene.  Historically, 
satellite digital imagery covered large extents and had large to moderately large pixels.  
Recent, high spatial resolution digital sensors on both satellites and airplanes have much 
smaller extents.   
 
3. Digital Image Analysis 
 
Digital image analysis in digital remote sensing is analogous to photo interpretation in 
analog remote sensing.  It is the process by which the selected imagery is 
converted/processed into information in the form of a thematic map.  Digital image 
analysis is performed through a series of steps.  These steps include: (1) image 
acquisition/selection, (2) pre-processing, (3) classification, (4) post-processing, and (5) 
accuracy assessment. 
 
3.1 Image Acquisition/Selection 
 
Selection or acquisition of the appropriate remotely sensed imagery is foremost 
determined by the application or objective of the analysis and the budget.  Once these 
factors are known, the analyst should answer the questions presented previously.  These 
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questions include: what spectral, spatial, radiometric, temporal resolution and extent are 
required to accomplish the objectives of the study within the given budget?  Once the 
answers to these questions are known, then the analyst can obtain the necessary imagery 
either from an archive of existing imagery or request acquisition of a new image from the 
appropriate image source. 
 
3.2 Pre-processing 
 
Pre-processing is defined as any technique performed on the image prior to the 
classification.  There are many possible pre-processing techniques.  However, the two 
most common techniques are geometric registration and radiometric/atmospheric 
correction.   
 
Geometric registration is performed for three possible purposes: (1) to match one date of 
imagery to another, (2) to match the imagery to another spatial data layer, or (3) to match 
the imagery to the ground.  The overwhelming advances in GIS (geographic information 
systems) have made the use of geometric registration an integral part of digital remote 
sensing.  The process of geometric registration requires resampling of the imagery to fit 
the image to the desired source (i.e., other image, spatial data layer, or ground).  There 
are a number of possible resampling algorithms including: nearest neighbor, bilinear 
interpolation, and cubic convolution.  The most commonly used approach has 
traditionally been cubic convolution.  However, this technique uses an average computed 
from the nearest 9 pixels and has the effect of smoothing (or reducing the variance) in the 
imagery.  Since this variance can represent real information in the imagery, smoothing 
the image is not always recommended.  The nearest neighbor technique does not average 
the image, but rather uses the nearest pixel as the label for the registered pixel.  However, 
linear features can be split between lines of imagery using the nearest neighbor technique.  
Bilinear interpolation also averages, but only uses the nearest 4 pixels.  This approach 
represents a compromise between the other approaches.  If the goal of the remote sensing 
analysis is to get the most information from the imagery, then the use of the nearest 
neighbor technique should be employed. 
 
Radiometric/atmospheric correction is done to remove the effects of spectral noise, haze, 
striping and other atmospheric effects so that multiple dates or multiple scenes of 
imagery can be analyzed together or so that the imagery can be compared to ground data.  
Historically, these corrections required collection of information about the atmospheric 
conditions during the time of the image acquisition.  Algorithms/models used to correct 
for these effects relied on this ground information to accurately remove the atmospheric 
effects.  More recently, algorithms/models have been developed that use information 
gained from certain wavelengths in the imagery to provide the required knowledge to 
accomplish the correction.  These methods are preferred given the difficulty of collecting 
the required ground data during image acquisition especially for imagery that has already 
been acquired. 
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3.3 Classification 
 
Classification of digital data has historically been limited to spectral information 
(tone/color).  While these methods attempted to build on the interpretation methods 
developed in analog remote sensing, the use of the other elements of photo interpretation 
beyond just color/tone has been problematic.  The digital imagery is simply a collection 
of numbers that represent the spectral response for a given pixel for a given wavelength 
of electromagnetic energy (i.e., band of imagery).  In other words, the numbers represent 
the “color” of the objects.  Other elements of photo interpretation such as texture and 
pattern were originally not part of the digital classification process. 
 
In addition, digital image classification has traditionally been pixel-based.  A pixel is an 
arbitrary sample of the ground and represents the average spectral response for all objects 
occurring within the pixel.  If a pixel happens to fall on an area of a single land cover 
type (e.g., white pine), then the pixel is representative of the spectral response for white 
pine.  However, if the pixel falls on an area that is a mixture of difference cover types 
(white pine, shingle roof, sidewalk, and grass), then the “mixel” is actually the area-
weighted average of these various spectral responses.  
 
The earliest classification techniques tended to mimic photo interpretation and were 
called supervised classification techniques.  These methods were followed by statistical 
clustering routines that were called unsupervised classification techniques.  Both 
techniques were based completely on the spectral (color/tone) data in the imagery. 
 
3.3.1 Supervised vs. Unsupervised Classification 
 
Supervised classification is a process that mimics photo interpretation. The analyst 
“trains” the computer to recognize informational types such as land cover or vegetation in 
a similar way that the photo interpreter trains themselves to do the same thing.  However, 
the interpreter uses the elements of photo interpretation while the computer is limited to 
creating statistics (means, minimums, maximums, variances, and co-variances) from the 
digital spectral responses (color/tone).  The analyst is required to identify areas on the 
image of known informational type and create a training area (grouping of pixels) from 
which the computer creates a statistics file.  Informational types that are rather 
homogeneous and distinct (e.g., water or sand) require only a few training areas.  
Complex, heterogeneous informational types (e.g., urban areas) require more training 
areas to adequately “train” the computer to identify these types.  Supervised classification 
works especially well when there are only a few (4-8) informational types that are 
distinctly different from each other. 
 
Unsupervised classification uses a statistical clustering algorithm to group the pixels in 
the imagery into spectral clusters.  These clusters are spectrally unique, but may not be 
informationally unique.  In other words, a single cluster may be a combination of a 
number of informational types (e.g., cluster 4 may be a combination of white pine and 
grass).  The analyst decides how many clusters to use to group the imagery.  Once the 
imagery has been grouped into the designated number of clusters, each cluster must be 
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labeled with the corresponding informational type (i.e., land cover or vegetation type).  
Labeling the clusters can be difficult and frustrating as many of the clusters will be a 
combination of two or more informational types.  Also, many clusters will be small and 
intimate knowledge of the area may be necessary in order to label them.  In most cases, 
this knowledge is lacking which is why the analyst is trying to generate a thematic map of 
the area using remote sensing.  The major advantage of the unsupervised classification 
technique is that all the spectral variation in the image is captured and used to group the 
imagery into clusters.  The major disadvantage is that it is difficult to informationally 
label all the clusters to produce the thematic map. 
 
3.3.2 Combined Approaches 
 
Many remote sensing scientists have attempted to combine the supervised and 
unsupervised techniques together to take the maximum advantage of these two 
techniques while minimizing the disadvantages.  Many of these examples can be found in 
the literature.  A technique by Jensen (2005) selects larger clusters that result from an 
unsupervised classification and iteratively runs additional unsupervised classifications to 
break the clusters down into meaningful information classes. Another method by 
Chuvieco and Congalton (1988) combines the results of the supervised and unsupervised 
classification together using a statistical grouping routine.  This method objectively labels 
the unsupervised clusters while also identifying issues of spectral uniqueness.  Many 
other methods for combining these two basic classification techniques also exist. 
 
3.3.3 Advanced Approaches 
 
Using supervised or unsupervised classification approaches only work moderately well.  
Even the combined approaches only improve our ability to create accurate thematic maps 
a little more than using each technique separately.  Therefore, a large amount of effort 
has been devoted to developing advanced classification approaches to improve our ability 
to create accurate thematic maps from digital remotely sensed imagery.   
 
While there are many advanced approaches, this paper will only mention three: 
Classification and Regression Tree (CART) analysis, Artificial Neural Networks (ANN), 
and Support Vector Machines (SVM).  CART analysis is a non-parametric algorithm that 
uses a set of training data to develop a hierarchical decision tree.  This decision tree is 
created using a binary partitioning algorithm that selects the best variable to split the data 
into separate categories at each level of the hierarchy.  Once the final tree is generated, it 
can then be used to label all the unknown pixels in the image.  CART analysis has 
become widely used in the last few years both for pixel-based and object-based image 
classification.  The method is extremely robust and provides significantly better map 
accuracies than have been achieved using the more basic approaches. 
 
The ANN approach to image classification has been applied for the last ten years or 
more.  The approach also relies on a training data set like CART does.  The power of the 
ANN is that it has the ability to “learn”.  An ANN consists of a set of nodes (called 
neurons) that are connected by links and organized by layers.  There are at least three 
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layers: the input layer, the output layer, and the intermediate layer(s).  The training data 
are used to build the model that creates the weighting used in the intermediate layer(s) to 
label the unknown pixels.  While this approach seems to have great potential, the method 
is subject to over-fitting the data and unnecessary complexity.  Therefore, while much 
work is still being done on this technique, it has not experienced the same widespread 
adoption as CART. 
 
SVM are derived from the field of statistical learning theory and have been used in the 
machine vision field for the last 10 years.  More recently, these methods have been 
developed for use in creating thematic maps from remotely sensed imagery.  SVM act by 
projecting the training data nonlinearly into feature space of a higher dimension than that 
of the input data.  This projection is accomplished using a kernel function and results in a 
data set that now can be linearly separated.  The ability to separate out the various 
informational classes in the imagery is a powerful advantage.  Like ANN, SVM is subject 
to over-fitting.  However, a technique that is part of the analysis works to minimize this 
issue.  The use of SVM is relatively new and offers great potential for creating thematic 
maps from digital imagery. 
 
3.3.4 Object-based Approaches 
 
By far the greatest advance in classifying digital remotely sensed data in this century has 
been the widespread development and adoption of object-based image analysis (OBIA).  
Traditionally, all classifications were performed on a pixel basis.  Given that a pixel is an 
arbitrary delineation of an area of the ground, any selected pixel may or may not be 
representative of the vegetation/land cover of that area.  In the OBIA approach, unlabeled 
pixels are grouped into meaningful polygons that are then classified as polygons rather 
than individual pixels.  This method increases the number of attributes such as polygon 
shape, texture, perimeter to area ratio and many others that can be used to more 
accurately classify that grouping of pixels. 
 
Polygons are created from pixels in OBIA using a method called segmentation.  There 
are a number of current image analysis software packages that provide the means of 
performing object-based image analysis.  In all these algorithms, the analyst must select 
of series of parameters that dictate how the segments or polygons are generated.  
Depending on the parameters selected, it is possible to create large polygons that may 
incorporate very general vegetation/land cover types or very small polygons that may 
divide even a specific cover type into multiple polygons.   
 
The power of the segmentation process is two-fold.  First, the imagery is now divided 
into polygons that can, in many ways, mimic the polygons that may have been drawn by 
an analyst that was manually interpreting this same image.  In this way, some of the 
additional elements of manual interpretation mentioned earlier in this paper become 
relevant for digital image analysis.  Secondly, as previously mentioned, the creation of 
polygons results in a powerful addition of attributes about the polygons that can be used 
by the classification algorithm to label the polygons.  Both these factors significantly add 
to our ability to create accurate thematic maps. 
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3.4 Post-processing 
 
Post-processing can be defined as those techniques applied to the imagery after it has 
been through the classification process.  In other words, any techniques applied to the 
thematic map.  It has been said that one analyst’s pre-processing is another analyst’s post-
processing.  It is true that many techniques that could be applied to the digital imagery as 
a pre-processing step may also be applied to the thematic map as a post-processing step.  
This statement is especially true of geometric registration.  While currently most 
geometric correction is performed on the original imagery, such was not always the case.  
Historically, to avoid resampling the imagery and potentially removing important 
variation (information), the thematic map was geometrically registered to the ground 
instead of the original imagery.  In addition, there are a vast variety of filtering processes 
that can be performed on the original imagery to enhance or smooth the imagery that can 
also be used on the thematic map to accomplish similar purposes. 
 
3.5 Accuracy Assessment 
 
Accuracy assessment is a vital step in any digital remote sensing project.  The methods 
summarized here can be found in detail in Congalton and Green (2009).  Historically, 
thematic maps generated from analog remotely sensed data through the use of photo 
interpretation were not assessed for accuracy.  However, with the advent of digital remote 
sensing, quantitatively assessing the accuracy of thematic maps became a standard part of 
the mapping project. 
 
Figure 1 outlines the process of map accuracy assessment.  It is important to note that 
there are two components for assessing the accuracy of a map derived from remotely 
sensed imagery.  The first component is positional accuracy and the second is thematic 
accuracy.  The accuracy of the map is really a combination of these two accuracies and 
neither can be ignored in a valid assessment process.  An error can occur if the map label 
is wrong or if the location is wrong.  Without assessing both positional and thematic 
accuracy it is impossible to determine the source of the errors. 
 
Conducting an accuracy assessment is not as simple as following a series of steps.  Rather 
there are a number of important considerations that must be balanced between statistical 
validity and what is practically attainable.  The outline in Figure 1 documents these 
considerations.   
 
The basic processes for assessing positional accuracy and thematic accuracy are very 
similar.  However, positional accuracy is simpler and involves fewer issues to consider 
than thematic accuracy.  Positional accuracy provides an assessment of the difference in 
distance between a sample of locations on the map and those same locations on a 
reference data set.  Sampling is performed because it is not possible to visit every 
location due to time, cost, and efficiency.  There must be an adequate number of samples 
and these samples must be appropriately distributed across the map.  A number of 
statistics are commonly computed including the root mean square error (RMSE) and the  
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Figure 1.  A flow chart of the accuracy assessment process (Adapted from Congalton 
2010). 
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National Standard for Spatial Data Accuracy (NSSDA).  The NSSDA is the national 
standard currently used in the US for positional accuracy.  However, there is an error in 
the calculation of this measure that results in it being too conservative.  This issue is 
currently being investigated for possible correction by a number of scientists and 
government agencies. 
 
Assessing the thematic accuracy of a map uses the same basic process as assessing 
positional accuracy.  However, a greater number of issues must be considered (see the 
more complicated flow chart in Figure 1).  Thematic accuracy assessment involves a 
number of initial considerations including taking into account the sources of error and the 
proper selection of a classification system.  In addition, the collection of the reference 
data is more complicated including deciding the source of these data, how and when they 
will be collected, and insuring consistency in the collection process.  Finally, sampling is 
a major component of the reference data collection.  Sampling for thematic accuracy is 
much more complex than sampling for positional accuracy and requires selecting the 
appropriate sampling scheme along with the sample size and sample unit.  Sample size 
for thematic accuracy assessment is considerably larger than positional accuracy 
assessment and requires more careful planning to be as efficient as possible.  While many 
thematic accuracy assessments have been conducted using the pixel as the sampling unit, 
this sampling unit is not appropriate as it fails to account for any positional error in the 
image and reference data.  Therefore, a grouping of pixels or a polygon is the far better 
choice for a sampling unit. 
 
Once the reference data are appropriately collected, the method used to compute thematic 
accuracy uses a technique called an error matrix.  An error matrix is a cross tabulation or 
contingency table generated from comparing the samples of the cover type on the 
thematic map and on the reference data.  The error matrix can be generated using 
reference data accepted as either correct or incorrect (i.e., deterministic error matrix) or 
using the qualifiers of good, acceptable, and poor to produce a fuzzy error matrix.  Once 
the error matrix is generated some basic descriptive statistics including overall, 
producer’s and user’s accuracies can be computed.  In addition, there are a number of 
analysis techniques that can be performed from the error matrix.  Most notable of these 
techniques is the Kappa analysis that allows the analyst to statistically test if one error 
matrix is significantly different than another. 
 
It should be noted that Anderson et al. (1976) in a publication for the USGS stated that 
thematic maps generated from digital remotely sensed imagery should be at least 85 
percent accurate.  This value has been used as a guideline ever since.  However, the 
overwhelmingly vast majority of thematic maps generated from remotely sensed data 
created from 1976 to the present have failed to meet this accuracy level. 
 
4. Digital Image Types 
 
4.1 MultiSpectral Imagery 
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The dominant digital image type for the last 40 years has been multispectral imagery 
from the launch of the first Landsat in 1972 through the launch of the latest GeoEye and 
DigitalGlobe sensors.  Multispectral imagery contains multiple bands (more than 2 and 
less than 20) across a range of the electromagnetic spectrum.  While there has been a 
marked increase in spatial resolution, especially of commercial imagery, during these 40 
years it should be noted that there is a solid place that remains for mid-resolution 
imagery.  The importance of continuing imagery with a spatial resolution of 20-30 meters 
and with a good spectral resolution that includes the visible, near -, and middle infrared 
portions of the electromagnetic spectrum cannot be understated.  There is a special niche 
that this imagery fills that cannot be replaced by the higher spatial resolution imagery that 
costs significantly more to purchase.  There will be increased uses of the higher spatial 
resolution data that continue to improve all the time, but this increase will not reduce the 
need for mid-resolution multispectral imagery.  
 
4.2 Hyperspectral Imagery 
 
Hyperspectral imagery is acquired using a sensor that collects many tens to even 
hundreds of bands of electromagnetic energy.  This imagery is distinguished from 
multispectral imagery not only by the number of bands, but also by the width of each 
band.  Multispectral imagery senses a limited number of rather broad wavelength ranges 
that are often not continuous along the electromagnetic spectrum.  Hyperspectral 
imagery, on the other hand, senses many very narrow wavelength ranges (e.g., 10 
microns in width) continuously along the electromagnetic spectrum.   
 
Hyperspectral imagery has changed the way we perform digital image analysis.  Given 
this imagery collected over narrow bandwidths across a large portion of the 
electromagnetic spectrum, it is possible to create spectral libraries of various information 
types and compare these for identification on the imagery.  These libraries exist for a 
variety of rock and mineral types and have even been created for some simple land 
cover/vegetation classifications.  These detailed spectral patterns also allow for the 
analysis of the chemical content of vegetation and other land cover.  The uses of 
hyperspectral imagery for environmental studies, especially related to pollution and other 
hazards, have tremendous potential.  Currently, significant research is occurring in this 
field.  As the costs associated with this technology continue to decline, more and more 
uses of hyperspectral imagery will be developed. 
 
4.3 Digital Camera Imagery 
 
Digital cameras are revolutionizing the collection of digital imagery from airborne 
platforms.  These cameras sense electromagnetic energy using either a charged-coupled 
device (CCD) or a Complimentary Metal Oxide Semiconductor (CMOS) computer chip 
and record the spectral reflectance from an object with greater sensitivity than the old 
analog film cameras.  While more expensive than analog film cameras, new digital 
camera systems, especially large format systems, are rapidly replacing traditional analog 
systems.  Large Federal Programs, such as the USDA National Agriculture Imagery 
Program (NAIP), are providing a tremendous source of digital imagery that the analyst 

mpeterson
Highlight

mpeterson
Highlight



 14 

can readily digitally analyze.  Most digital camera imagery is collected as a natural color 
image (blue, green, and red) or as a color infrared image (green, red, and near infrared).  
Recently, more projects are acquiring all four wavelengths of imagery (blue, green, red, 
and near infrared).  The spatial resolution of digital camera imagery is very high with 1 – 
2 meter pixels being very common and some imagery having pixels as small as 15 cm. 
 
 
4.4 Other Imagery 
 
There are other sources of digital remotely sensed imagery that have not been presented 
in this paper.  These sources include RADAR and LiDAR.  Both these sources of 
imagery are important, but beyond the scope of this paper.  RADAR imagery has been 
available for many years.  However, only recently has the multispectral component of 
RADAR imagery become available (collecting multiple bands of imagery simultaneously 
and not just multiple polarizations) that significantly improves the ability to create 
thematic maps from this imagery.  LiDAR has revolutionized the collection of elevation 
data and is an incredible source of information that can be used in creating thematic 
maps.  In the last few years, these data have become commercially available and are 
being used as a vital part of many mapping projects.   
 
5. Future Issues and Considerations 
 
There are many issues and considerations related to the future of remote sensing.  Four 
have been selected here for further discussion. 
 
5.1 Software 
 
The software for performing digital analysis is becoming more powerful and easier to use 
all the time.  As computer processing continues to grow, the efficiencies by which the 
imagery can be analyzed also increases.  However, there remains a major problem in that 
the software needed to perform a complete digital remote sensing analysis is not wholly 
contained within any single product.  Rather, the tools needed are distributed among 
many different sources and a great deal of effort is required to put everything together.  
Currently there are digital image analysis packages, GIS software packages, statistics 
packages, and even software that only does object-based image analysis.  It is 
cumbersome to work between all these various software packages.  Great efficiencies 
could be gained if everything that the analyst needed was together inside a single 
package.  
 
5.2 Data Exploration Approach 
 
The major reason that remotely sensed imagery can be used to create thematic maps is 
that there is a very strong correlation between what is sensed on the imagery and what is 
actually occurring in the same area on the ground.  The key to making the most use of 
this correlation is through a process of data exploration.  While there are many techniques 
that are part of most image analysis projects that provide insight into this correlation 
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(e.g., spectral pattern analysis, bi-spectral plots, Principal Components Analysis, band 
ratios, vegetation indices, etc.), most analysts have not embraced a data exploration 
approach to accomplish their work.  The statistics community has embraced this 
philosophy and has developed an entire branch of statistics for “data mining”.  
Incorporation of a similar philosophy of data exploration to investigate all aspects of the 
correlation between the imagery and the ground could significantly improve our ability to 
create accurate thematic maps.   
 
5.3 Landsat 
 
Landsat is an invaluable source of remotely sensed imagery with a long history and an 
incredible archive.  There is a tremendous need for the collection of imagery at this 
spatial and spectral resolution to continue well into the future.  It is vital to our ability to 
look at global climate change, carbon sequestration, and other environmental issues that 
we have such imagery available.  There is a need for a program to insure the future of 
Landsat and not simply a campaign each time a new Landsat is needed.  Landsat imagery 
has become a public good and provides information that is not readily attainable 
anywhere else. 
 
5.4 Remote Sensing and the General Public 
 
Since the turn of the century, the general public has become increasingly aware of the use 
of remotely sensed imagery and geospatial technologies.  Events such as the World Trade 
Center attack on September 11, 2001 and various natural disasters in New Orleans and 
elsewhere have made these technologies commonplace on the nightly news and the 
Internet.  Applications such as Google Earth, Bing Maps, and others have given everyone 
the opportunity to quickly and easily use remotely sensed imagery anywhere in the world.  
This increased awareness and widespread understanding of these technologies is very 
positive.  As more people become aware of the potential of these technologies more uses 
will be found for employing them for a myriad of applications.    
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