GEOG 661 Digital Image Processing
Lab Exercise 4 (eoreferencing and Orthorectification
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I. Introduction to Georeferencing

One of the most smportant, yet hardest to grasp. concepts i remote sensing and GI3 15 how
to correctly georeference or geocode) a vector or raster coverage so that it can be wewed
or analyzed aloag with other georeferenced information. Thiz process is commeonly known
a5 coordinate transformation or georeferencing. “While it 15 not absoluotely to bong an
image mnto a real-world coordinate system, sometime it 15 sufficient to simply shen one image
with another, though this has become less common m recent vears.

Georeferencing := a process that transforms a spatal data set from an arbstrary mapge
coopdinate system into 2 geographic coordinate system. This process 15 also known as wansep,

raphersheeiing, rechffcalion, repirfraiion, co-regisiralion, of orfko-reciyficaiion.
These terms may have shghtly different meaning :n different contexts.

Rectification is the process of using Ground Control Points (GCPs) to transform the
geometry of an image so that each pixel corresponds to a position in 2 real wodd coordmate
system (such as Latituds /T ongitude or Eastings/Northings of UTAL, in which the image iz
expanded or compressed and rotated as needed to shon wath 2 real wodd map god o
coordinate system.

Orithorectification 15 2 more accurate form of rechification because its takes into account
sensor (camera) and platform (aircraft or satellite} charactenstics as well as terram elevations.
Registration 15 mimply ahgrung towo smages so that ther can be overlasd or supessmposed for
comparison In this case, the images do not have to be rectified to a map projection. They

can both be in a "raw” coordinate system.

The key point to grasp about georeferencing or coordinate transformations i the necessity
to locate positions or features in a vector or raster coverage whose real world
coordinates are lmown (e.g., its lattude/longitude or =7 :n 2 known map projection
coordinate system such as TTTAL. The requasite georeferencing information can be collected

i1 2 number of ways.

1. Collect GP3 points in the field of known locations (ground control points or GCPs)

tound on a map or i a remotely sensed image such as road intersections.

Usze points of known latitade /longitade or other coordinates, such as a UTA grid, that
prnted on the map as tie points.
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Us=e a premounsly georeferenced image as the basis for locatng points on an unrectified
map or remotely sensed image.

Oinice the relationship betwreen the tie points or GCPs, which in a raster image may be their
pixel locations or on a digitized map may be in 1,/1000s of 2 centimeter from the origin on
the digitzing tablets, and the locations of these tie points in the real world 1= establizhed
mathematically all pomnts m the map, or pixels m the mmage, can transformed wsing the
establizhed equations.



II1. The Co-registration Process

This lab 15 desioned to build vour skills in geo-referencing and orthorectification of a digital
remote senzing image. Whenever accurate area, direction and distance measurements are
required, raw snage data must be processed to remove geometric errors and rechify the
image to 2 real-word geographic coordmate system.

In order to overlay the raw smage with other images or vector data lavers, the raw image
must be georeferenced and co-remstered mnto the same coordinate system as that of other
inages and vector data lavers. Georeferencing and co-registration can achieve two thengs:
relate the image to a known map coordmnate system when combining the smage with other
data, and correct geometric distorbions to improve the accuracy when making measurements
based on the image.

In this lab, you wall uze EWNWVI Begstration functions to perform both an mmage rectification
and an orthorectification. Specific tasks for this lab mnclude:

I.  Iwsoecfrme 3 DimtalGlobe Quickbird smage acquired over Mchurdo Staton Antarehiea
and sgewifivre 2 number of well-distributed Ground Control Ponts (GCPs) wath
referenice to an geocoded Dimtal Orthorectified Cuadrangle (DO0)):

II. TUse ENVI to modify the GCP display and edit the (3CPs;

IIT. Co-regster the raw image to the datum and map projection of the DOQ) using the
pobmonial transformation;

I, E=zxpenment with first and second order polynomial transform equations and observe
the differences between the geocoded images;

V. Expenment wuth nearest nesghbor, biknear, and cobie conwolubion resamphng

techmigques;

VI  Using a selected set of GCPs along with their elevation and a Damtal Flevation Alodel
(DEM) perform an orthorectifscation in ENVI

WII. Compare the results of the polynomual transformation and the orthorectification and
determetie whach 15 best.
As mentioned above, 3 set of Ground Control Points ((ZCPs) 15 required to establish the
Link between the arhitrary smage coordinate system and geopraphical coordinate =system. A
ground control point (GCP) 1= 2 pomt on the earth's surface where both image coordinates
(measured m rows and columns) and map coordinates (measured in degrees of latrtude and
longitude, meters, or feet) can be identified The sequisition of Ground Control Points
(GCPs) 15 a cotical step for peoreferencing and registering a raw image data set. The basic
requirements for (GCPs are that these points must be distingiuszhable both on the raw image

and the gecreferenced image. Road and stream intersections, budlding comers, bodges, rock
outerops, and other small, well-defined, permanent, wisible feature: often meet the above
requirements and serve as good candidate featores for GCPs. The selected featsres shouald
be small enough so that we can precisely pinpoint them at pizel level on the image To
achieve highly aceurate georeferencing, the number of GCPs should be sufficient and the
spatial distnbution of GCPs should be fairly umform across the entire area covered by the
wnage. 1be greafer fhe pareafion o ferraiw gns fhe greafer fhe geoweiric divforfrow, fhe more GOPr are
required. Iw order fo orercomse Mhese ferrarm-iwonred sffecds, i megy be advamigeeons fo performr g
griberecifiaairon.
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Using EMNVI GCPs can be selected in a number of ways:

1} Zelecting pomnts from one or more other digstal images which have already been
geocoded,

Selecting pomts from vector based dimtsl data, such as from a GIS or CAD

vector oveday,

3} Using a digshzer to peck control points from a paper map, such as a T3GS map,

and
Tvping it coordinates for known points, such as survey or GPS measurements

In thu= lab, GCPs will be selected using the first method — selecting them from 2 geocoded
HNaAge.

Geometric [ransformatnons

Based on the GCPs, 2 polynomual equation can be fitted and cabibrated to complete the
systematic geometric transformation of the raw unage data from the arbatrary coordinate
system to a known map projection coordinate system. The first order of the polynomial
transform is also known as the affine transformation, which needs at least theree GCPs. The
general mathematical equations for Affine tran=formation are

x =Ax+By+C (1)
v’ =Dx+Ev+F 2)

The Affine transformation scales, skews, rotates, and transzlates the image coordinates of
aenial photograph to match the DOQ) image.

The zecond order polynomial 15 2 quadratic equation. The higher the order of polynomeal,
the better the fit between the observed and calculated control point positons. This 15 at the
cost of inereasing inaccaracy and unpredectalnlity sway from the selected ground poents,
such az at the edges of imape It 1= typically best to use the lowest possible order of
polynomual that grres an acceptable georeferencing error

The RMS Foot Mean Square) Error iz 2 standard statistical messure that attempts to
descobe the accuracy and consistency of the (ZCPs. It 15 calculated as the square root of the
average square differences in the x and v locatons between the actuoal GCP pomnt locaton
and the estimated GCP point location grven by the fitted polynomial or affine equation. In
order to esttmate the warp coefhaents (A B .C D E and F 11 equations 1 and 2 above) using
statiztical methods, vou must have at least four defined selected GCPs before the there are
enough degrees of freedom for an BEMS error to be computed for each point.

Eecause each of the two affine equations hawve three coefficients that must be estimated, st
requures 3 mraowew of three (GCPs to determine the coeffiments. If there are more than three

(CP= then a least-squares approach can be used to estmate the coeffricients and grve some
irdication of the goodness-of-fit betoreen the estimated and actoal GCP locations.

Resampling
Whenever geocoding 1= performed the data poimnts in the output mmage have different cell
coordinates from those in the input mmage. To determine the values at these new data points

the orginal image muost be zesampled The most commonly used resampling methods
iiclzde nearest newghbor, biinear, cubic comrolstion.
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