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From Pixels to Objects

Previously we have looked at classification based only
on the spectral characteristics of pixels one by one.
But the information in an image isn't encoded in

pixels but objects- things we recognise.



Objects are things on the Ground



• Object Orientated Classifcation attempts to
bring to gether many of the aspects of image
interpreatation that we looked at early in the
course on manual interpretation of imagery-
like shadow, texture, context etc

• But do so in an automated fashion so the
computer can create the outptut.



Rule or Decision based
classification

• Simplest way to bring
other elements into our
classification is to
constrain the output
based on some other
dataset.



Descsion tree approach

Classifies an image based on rules or
thresholds of pixels values

Its akin to supervised classification but uses a
non-parametric techniques to work
backwards from the final classes to the orginal
image based on brnahed yesy/no descesions

Simplest form of decision tree is a series of
threholds





In a bottom-up approach a binary tree is constructed using the training set.
Using some distance measure, such as Mahalanobis-distance, pair-wise distances between a
priori
defined classes are computed and in each step the two classes with the smaller distance are
merged
to form a new group.
The mean vector and the covariance matrix for each group are computed
from the training samples of classes in that group, and the process is repeated until one is left
with
one group at the root.
In a tree constructed this way, the more obvious discriminations are done

first, near the root, and more subtle ones at later stages of the tree.

In top-down approaches, the design of a DTC reduces to the following three tasks:
1) The selection of a node splitting rule.
2) The decision as to which nodes are terminal.
3) The assignment of each terminal node to a class label.
Of the above three tasks, the class assignment problem is by far the easiest. Basically, to
minimize
the misclassification rate, terminal nodes are assigned to the classes which have the highest
probabilities. These probabilities are usually estimated by the ratio of samples from each class at
that specific terminal node to the total number of samples at that specific terminal node.

ftp://piekraste.daba.lv/pub/Grafika/atteelu_analiize/MultiSpec/publications/SMC91.pdf



Objects

• We can have a-priori defined objects –
cadastral maps for example (Prime 2 in the
Irish context)

• Or we can create objects from the image using
segmentation



GA1

GS4

Scenario A

GA1

GS4

Scenario B

WS

1:GS1
2:XXX

1:GS4
2:WS2

Scenario C

GS1:100%
GS4:0%
FM: 0%
WS2:0%

GS1: 0%
FM:0%
WS:20%
GS4:80%

Scenario D





Unclosed areas

• What does landcover mean in these areas?

• How best to record extent and change?

• Classifications haven't been finalised- but will
be guided by Helm and Eagle Internationally,
Fossit locally and at all times with practicallity
in mind.





Segmentation

• Essentially the segmentation algorithm examines
how like its neighbours a pixel is- if pixels are alike
they are grouped into objects.

• We can use colour of texture or the shape of the
object to help us segment an image- most popular
software for soing this is e-cognition

• Its very simalr to the human interpreation approach
of mapping “photomorphic regions” and has been
developed out of machine vision reserach



Texture

• Is a formal measurement of variation in tone.
It’s a statistical measure based on a fixed
sample known as a kernel

• In its simplest form it could be that every pixel
is replaced with a value represents the
standard deviation of the pixels around it



These segments become objects

• WE can then xclassify the object suing any of the
classifcation we have looked at

• Unsupervised

• Supervised

• Rule based or descsion tree

• We can also include non-spectral data: eg the size of
the object or its shape, the variation of pixels within
an object (texture)
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• 2.2 OBIA Strengths
• Partitioning an image into objects is akin to the way
• humans conceptually organize the landscape to
• comprehend it.
• Using image-objects as basic units reduces computational
• classifier and at the sametime enables the user to take advantage of more complex
• techniques (e.g. non-parametric).
• Image-objects exhibit useful features that single pixels lack.
• Image-objects can be more readily integrated in vector
• GIS .
• 2.3 OBIA Weaknesses
• There are numerous challenges involved in processing
• very large datasets. Even if OBIA is more efficient than
• pixel-based approaches, segmenting a multispectral image
• of several tens of mega-pixels is a formidable task
• Segmentation is an ill-posed problem, in the sense it has
• no unique solution,
• There exists a poor understanding of scale and hierarchical
• relations among objects derived at different resolutions.
• Do segments at coarse resolutions really ‘emerge’ or
• ‘evolve’ from the ones at finer resolutions? Should
• boundaries perfectly overlap (coincide) through scale?
• Operationally it’s very appealing, but what is the
• ecological basis for this?



Validating our map

• Field Data

• Ground Truth

• Accuracy Assessment



Purposes of Field Data.

• To verify, evaluate or assess the results of remote
sensing investigations (accuracy assessment).

• Provide data to geographically correct imagery.

• Provide information used to model the spectral
behaviour of landscape features (plants, soils, or
waterbodies).



Field data includes least three kinds of
information.

• Attributes or measurements that describe
ground conditions at a specific place.

• Observations must be linked to locational
information so the attributes can be correctly
matched to corresponding points in image
data.

• Observations must also be described with
respect to time and date.



Geographic Sampling

• Observation signifies the selection of a specific cell or pixel,

• Sample is used here to designate a set of observations that will be used in
an error matrix.

• Three separate decisions must be made when sampling maps or spatial
patterns.

• (1) Number of observations to be used.
• (2) Sampling pattern to position observations within an image.
• (3) Spacing of observations.



Numbers of Observations

• Number of observations determines

– the confidence interval of an estimate of the accuracy
of a classification. A large sample size decreases the
width of the confidence interval of our estimate of a
statistic.

• For most purposes it is necessary to have some
minimum number of observations assigned to
each class.



Sampling Pattern.

The Simple Random Sampling Pattern

• The choice of any specific location as the site for an
observation is independent of the selection of any
other location as an observation.

• All portions of a region are equally subject to
selection for the sample, thereby yielding data that
accurately represent the area examined and
satisfying one of the fundamental requirements of
inferential statistics.



The Stratified Random Pattern
• Assigns observations to sub-regions of the image to ensure

that the sampling effort is distributed in a rational manner.
A stratified sampling effort might plan to assign specific
number of observations to each category on a map to be
evaluated. This procedure would ensure that every
category would be sampled.

•



Systematic Patterns

This pattern positions
samples such that
observations are taken at
equal intervals according
to a specific strategy.
Systematic sampling is
useful if it is necessary to
ensure that all regions
within a study area are
represented



Systematic Stratified Unaligned Patterns
• This pattern combines features of both systematic and stratified samples while

simultaneously preserving an element of randomness.

• The entire study area is divided into uniform cells.

• The grid cells introduce a systematic component to the sample and form the basis for the
stratification; one observation is placed in each cell.

• An element of randomness is contributed by the method of placing observations within
each cell.



Cluster Sampling
• Cluster Sampling selects points within a study area and uses

each point as a centre to determine locations of additional
“satellite” observations placed nearby, so that the overall
distribution of observations forms a clustered pattern.

Cluster sampling may be efficient with respect to time
and finance. If the pattern to be sampled is known
beforehand, it may provide reasonably accurate results.



LOCATIONAL INFORMATION

• Identification of Ground Control Points (GCPs) which allow analysts to
resample image data to provide accurate planimetric location and
correctly match image detail to maps and other images.

• Often we would use points of a map (sayu road intersections) to
geometrically correct an Image but in some cases we have to identify a
feature on the image and go out and survey that point on the ground in
order to get accutare geographci correction



GLOBAL POSITIONING SYSTEMS (GPS)

• Global Positioning Systems were originally developed
by the US military. In recent years the availability of
global positioning system (GPS) technology has
permitted convenient, inexpensive and accurate
measurement of absolute location. GPSs have
greatly enhanced the usefulness of remote sensing
data, especially when it is necessary to integrate
image data with field data.



These satellites are positioned in
orbits such that each point on the
earth’s surface will be in the view
of at least four and up to nine
satellites at a given time.

1. A system of 24 satellites at an
altitude of 17,600km

2. Circle the earth in 12 hours



GLOBAL POSITIONING SYSTEMS (GPS)

• Satellites continuously broadcast one-way signals at two frequencies within the L-
band region of the microwave spectrum.

• These signals permit GPS receivers to solve equations to estimate latitude
longitude and elevation.

• Both L-band signals are modulated to carry a precision code P-code; one of the
two bands, however, also carries a coarse acquisition code (C/A) that provides less
precise information.



HOW GPS WORKS

How GPS works

• (1) Satellite Trilateration- the basis of the system.

• (2) Satellite Ranging- measuring distance from a satellite.

• (3) Accurate Timing– why consistent clocks and a fourth space vehicle are
needed.

• (4) Satellite Positioning– knowing where a satellite is in space.

• (5) Correcting Errors- correcting for ionospheric and tropospheric delays.



Satellite Trilateration.

• Exact coordinates can be calculated for any
position on earth by measuring the distance
from a group of satellites to the position. The
satellites act as precise reference points.
Assuming the distance from one satellite is
known, the position can be narrowed down to
the surface of a sphere surrounding that
satellite.



Satellite Trilateration.



Local Differential GPS

• When a GPS receiver can be stationed at a fixed position of known location, it
becomes possible to derive estimates of errors and to apply these estimates to
improve the accuracy of GPS location of points at unknown locations. This process
is known as local differential GPS

• Differential GPS requires that a GPS receiver be established at a fixed point for
which the geographic location is known with confidence-this location forms the
base station. In Irelands case this is provided by the commisioner of irish lights.

• Information from the base station can be applied to locational information from
roving GPS receivers to derive more accurate estimates of location.

• Atmospheric effects constitute one of the major sources of error in GPS
measurements. Electrically charged particles in the ionosphere (30-300miles
above the earth’s surface) and severe weather in the troposphere (ground to
7.5miles) can combine to cause errors of 1-5ms. Topographic location, presence of
structures and nearby vegetation canopies also can contribute to variations in
effective use of GPS receivers.



RTK

• A real time correction for error: Real Time
Kinemetrics

• Service supplied by OSI using Phone Network
linked to RINEX stations

• Need GPS linked to mobile phone-pay for call.

• Can post-process with data from OSI website
for free

• Compares carrier signal instead of code



Tips

• Allways check for satellite availabilty before going out on field
trip

• If its been a while since last using your GPS, allow for
ephemeris data to be downloaded before taking points

• Be aware of topography and location- coverage gets wors the
further north you are. In the northern hemepshere Coverage
is bad on steep northern slopes.

• Poor coverage in forests, espically wet ones!
• Poor GPS in cities unless uysing satnav that uses alternaticve

location sources
• Your body is an effective microwave shield- face south when

taking a meaurm,ent
• Check the batteries!



Accuracy Assessment

We may define accuracy, in a working sense, as the degree of correspondence between
observation and reality. We usually judge accuracy against existing maps, large scale aerial photos,
or field checks. We can pose two fundamental questions about accuracy:

Is each category in a classification really present at the points specified on a map?

Are the boundaries separating categories valid as located?

Various types of errors diminish the accuracy of feature identification and category distribution. We
make most of the errors either in measuring or in sampling. When quantifying accuracy, we must
adjust for the lack of equivalence and totality, if possible. Another, often overlooked point about
maps as reference standards, concerns their intrinsic or absolute accuracy. Maps require an
independent frame of reference to establish their own validity.

As a general rule, the level of accuracy obtainable in a remote sensing classification depends on
diverse factors, such as the suitability of training sites, the size, shape, distribution, and frequency
of occurrence of individual areas assigned to each class, the sensor performance and resolution,
and the methods involved in classifying (visual photointerpreting versus computer-aided statistical
classifying), and others



In practice, we may test classification accuracy in four ways:

1) field checks at selected points (usually non-rigorous and subjective), chosen either at
random or along a grid;

2) estimate (non-rigorous) the agreement of the theme or class identity between a class
map and reference maps, determined usually by overlaying one on the other(s);

3) statistical analysis (rigorous) of numerical data developed in sampling, measuring, and
processing data, using tests, such as root mean square, standard error, analysis of
variance, correlation coefficients, linear or multiple regression analysis, and Chi-square
testing .

4) confusion matrix calculations (rigorous).



With the class identities in the photo as the standard, we arranged the number of pixels
correctly assigned to each class and those misassigned to other classes in the confusion
matrix , listing errors of commission, omission, and overall accuracies.

The producer's accuracy relates to the probability that a reference sample (photo-
interpreted land cover class in this project) will be correctly mapped and measures
the errors of omission (1 - producer's accuracy).

In contrast, the user's accuracy indicates the probability that a sample from land
cover map actually matches what it is from the reference data (photo-interpreted
land cover class in this project) and measures the error of commission (1- use's
accuracy).

Errors of commission An error of commission results when a pixel is committed to an
incorrect class

.

Errors of omission An error of omission results when a pixel is incorrectly classified
into another category. The pixel is omitted from its correct class.





urban grass natural water forestry map

urban 12 5 1 6 7 31

grass 1 34 7 2 44

natural 2 9 23 6 40

water 14 2 16

forestry 4 20 24

ground

15 48 31 24 37 155

Urban Ommission: (31-12)/31= 61%
So Producers accuracy is: 39%

Urban Comission (15-12)/15= 25%
So users accuracy is 75%

Total mapp accuray is (12+34+23+14+20)/155 = 66%



Assessing your map

Once you are happy with your supervised map, load into arcMap and use the
create random points tool



Add output name

Constrain to Currgah17.tif

Create 25 points

Click OK



Use the Extract Multivalues to point tool to assign the value of your map to each point
In your test point coverage



Use the “add field” tool to create an extra text field in your testpoints coverage called “Ground”



Right Click on the testpoints field in Table of contents and click edit-start edit

Open up the attribute table for the test points coverage and you can now edit the
“Ground Field”

Now simply zoom to each point in turn and record in the “ground field” the landcover
class visible in the “base image” airphotos.

To create the error matrix, Use Data Management Tools->Tables->Pivot Tables


