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GEOG 361 Remote Sensing in Geosciences
Lab Exercise 2 reoreferencing and Co-registering An Aerial Photograph
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I. Introduction to Georeferencing

One of the most important, yet hardest to grasp, concepts in remote sensing and GI3 15 how
to correctly georeference or geocode) a vector or raster coverage so that it can be wewed
or znalyzed along with other georeferenced information. Thes process is commeonly khown
as coordinate transformation or georeferencing. “While it 15 not absobstely to bong an
image mnto a real-world coordinate system, sometime it 15 sufficient to smply shen one image
with another, though this has become less common m recent vears.

Georeferencing := 2 process that transforms a spatal data set from an arbstrary image
coordinate system into a geographic coordinate system. This process 15 dlso known as werteg,
rubbersheeting, recirfeafion, reptrfrafion, co-repisirafion, of orfbo-recificafion. These terms may have

slightly different meaning in different contexts.

Rectfication is the process of using Ground Control Points (GCPs) to transform the
geometry of an imapge so that each pixel corresponds to a posibion in 2 real word coordinate
system (such as Latituds /T ongitude or Eastings/Northings of UTLL, in which the image is
expanded or compressed and rotated as needed to abkgn with a real wordd map god oz
coordinate system.

Orthorectoficanon is 2 more accurate form of rechification because its takes into sccount
setisor (camera) and platform (aireraft or satellite} charactenstics as well as terram elevations.

Registration 1= sumply ahgrung two mmages so that they can be overlaid or supesmposed for
comparison. In thiz case, the images do not have to be rectified to 2 map projection. They

can both be in a2 "raw” coocsdinate system.

The ket point to grasp shout georeferencing or coordinate transformations iz the necessity
to locate positons or features in a vector or raster coverage whose real world
coordinates are kmown (e.g. its latitude/longitode or x7 m 2 known map projection
coordinate system such as UTAL. The requisite georeferencing information can be collected
i1 2 number of ways.

1. Collect GP3 points in the field of known location= (pround control points or GCPs)

tound on a map or in 3 remotely sensed image such as road intersections.

Use points of kaown latitede longitade or other coordinates, such as a TUTM grid, that
prnted on the map as tie points.
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Us=e a premonsly georeferenced image as the basis for locatg points on an uarectified
map or remotely sensed image.

Oinice the relationship between the tie points or GCPs, which in a raster image may be their
pixel locations or on a dipbized map may be 1/1000= of 2 centimeter from the ofigin on
the digitizing tablets, and the locations of these tie points in the real wodd = established
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mathematically all points m the map, or pixels m the image. can transformed uwsing the
establizhed egoations.

II. The Co-regiztration Process

This lab iz designed to budd your skils :n geo-referencing and co-registening a raw digital
remote senzing image. Whenever accurate area, direction and distance measurements are
requured, raw smage data must be processed to remove geometnic errors and rechfy the
umnage to 2 real-wodd geographic coordmate system.

With aemal photograhs, wheeh this lab focuses on, geometnc errors may have been
iitroduced by factors such as roll, pitch and yaw of the airplane platform. In order to oveday
the raw image with other images or vector data layers, the raw image must be georeferenced
and co-registered into the same coordinate system as that of other images and vector data
vers. (reoreferencing and co-remstration can achieve two things: relate the image to a
known map coordinate system when combimng the image wath other data, and correct
geometric distorbons to mmprove the accuracy when making measurements based on the
1Nage.
In this lab. you wmll uwse EINVI Bemistraton function to perform an image-to-image
rectfication. Specific tasks for this lab inchade:

Inspecrg 3 scannmed hsgh-resolshon aenal photograph acquired over the Texas AS&M
campus and surrounding area and sdewffieny 2 number of well-distnbuted Ground Control
Pounts {(GCPs) wath reference to an geocoded Dhgital Orthorectified Cuadrangle (DOQ);
Use ENVI to modify the GCP display and edit the GCPs;

Co-register the raw image to the datom and map projection of the DO uming the
polynomual transformation;

Expenment with first and second order polnonual transform equatons and observe the
differences between the geocoded mmages;

Expenment with nearest neighbor, ilinear, and cubic conmrolution resampling techriques;

Owerlay the newly georeferenced image wath the DOQ) data in the RGE color mode to
observe the changes in landscape;

Dhsplay the census block group boundariez with the newly georeferenced aerial
photograph as the image backdrop. In GIS lingo, a background satellite image or aerial
photograph 13 sometimes referred to as geographic wallpaper.
The georeferencing and co-registrabion method that we are going to use is based on
polynomual transform. It mvolves three major steps: idenbification of Ground Control
Points ({GCPs), selection of polynomial equations, and resampling.

As mentioned above, 3 set of Ground Control Points ((GCPs) 15 required to establish the
link between the ardwtrary smage coordinate systemn and geopraphical coordinate system. A
ground control point (GCP) i= 2 pomt on the earth's surface where both image coordinates
(measured m rows and columns) and map coordinates (measured in degrees of lattude and
longitnde, meters, or feet) can be identified The zcquisition of Ground Control Points

(GCPs) is a ceiticsl step for georeferencing and registering a raw image data set. The basic
requerements for GCPs are that these points must be distinguashable both on the raw image
and the georeferenced image. Foad and stream intersections, budding cormers, bodges, rock
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outcrops, and other small, well-defined, permanent, misible features often meet the above
requirements and serve as good candidate featares for GCPs. The selected features should
be small enough so that we can precisely pinpoint them at pizel level on the image. To
achieve highly acourate georeferencing, the number of (GCPs should be sufficient and the
spatial distnbuton of GCPs should be fairly umiform across the entire area covered by the
unage The greafer the pareafion o fervaiw gnd fhe preafer fhe peowsefric dicforfrow, fhe wore GCPr are
rEqurED.

Using ENVI GCPs can be selected 1n a number of ways:

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

2} Zelecting pomts from vector based dimtal data, such as from a IS or CAD

vector overay,

Using a digrhizer to peck control points from a paper map, such as a USGE map,

and
4, Typing in coordinates for known points, such as survey or GPS measurements

In thu= lab, GCPs will be selected using the first method — selecting them from 3 geocoded
1nage.

Geometric [ ransformatons

Based on the GCPs, 2 polynomial equation can be fitted and ecabbrated to complete the
systematic geometnc transformation of the raw image data from the adbetrary 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 theee GCPs. The
general mathematesl equations for Affine transformation are

x'=Adx+Bv+C (1)
¥ =Ix+Ep+F (2

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

The second order polynomial 15 2 quadratic equation. The higher the order of polynomeal,
the better the fit at the control points. Thiz is at the cost of increasing inaccuracy and
unpredictabdity away from the selected ground points, such as at the edges of mmage. It 1=
trpically best to use the lowest posszible order of polynonual that grwves an acceptable

georeferencing error.

The RMS (Boot AMean Square) Error 1= a standard statistical measure that attempts to
describe the accuracy and consistency of the (GCPs. It 15 caleulated as the square root of the
average square differences in the x and v locations between the actoal GCP point location
and the estimated GCP point location grren by the fitted polynomial or affine equation. In
order to esttmate the warp coefficients (A B .CI)E and F 11 equations 1 and 2 abowe) using
statishical method=, vou must have at least fowr defmed selected GCP: before there are
enough degrees of freedom for an RMS error to be computed for each point.
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