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The project manager has much to deliberate when choosing a software package for 

image rectification/registration. He/she must be able to perform a cost analysis evaluation 

of the packages in question, and determine which package will provide the highest level 

of positional accuracy. Objective and subjective analysis of six software packages, 

Arc View Image Analysis, GeoMedia Pro, Arc/Info 8.1, ERMAPPER, ENVI and Idrisi 

3.2, and their multiple products (polynomials and triangulations) provide the basis with 

which the project manager may attain this goal. He/she is familiarized with the user 

interface of each package, through detailed step-by-step methodology. Positional 

accuracy of each product is compared to Ground Control Points (GCPs) derived from a 

Differential Global Positioning System (DGPS). The accuracy of each product is also 

compared to the industry standard USGS DOQQ, and it is discovered that while simple 

rectification procedures may produce mean errors acceptable to the specifications of 

NMAS, the strictest application of these standards reveal that these products are not 

accurate enough to satisfy the USGS standards. 
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Introduction 



The ever-increasing availability of remotely sensed digital imagery has made this 

particular source of geographic data extremely valuable to the Geographic Information 

Science (GIS) user. Scanned aerial photographs or Digital Ortho Photos (DOPs) are 

commonplace in the modem GIS database. Whether employed simply as background for 

vector layers, or as a powerful informational resource, the necessity ofDOPs is 

undeniable, and their absence from a geodatabase is unimaginable. However, GIS 

practitioners are faced with a bewildering variety of software with which to process this 

wealth of data. 

The project manager has much to deliberate when choosing a software package to 

analyze scanned aerial photographs or Digital Ortho Photos (DOPs). Principle among 

these deliberations, however, is the type of project the manager wishes to work upon. 

While it would be too time consuming to analyze all the capabilities of the myriad of 

software at hand, one function of digital image analysis clearly stands out as being of 

particular interest to the GIS project manager; namely image rectification/registration. 

There are multiple reasons that may lead a project manager to register/rectify his/her 

digital imagery, from the initial data creation process to bad or missing header files, but 

ultimately this procedure is completed to permit the seamless integration of new imagery 

with existing geo-datasets. A project manager must be capable of making an informed 

decision as to which software is best suited to achieving this goal. To this end, he/she 

must be able to determine which package will provide the highest level of positional 

accuracy, and how much time is required to perform the process in each software. It was 

to this end that this thesis was conceived, with the goal of evaluating a series of software 

packages based upon their positional accuracy, and their cost effectiveness. 
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The thesis will provide project managers with the necessary resource for evaluating 

the efficiency of various software packages that perform Image 

Rectification/Registration. While examining these functions, answers will be provided to 

the problems outlined above. The software packages employed are Arc View Image 

Analysis, GeoMedia Pro, Arc/Info 8.1, ERMAPPER, ENVI and ldrisi 3.2. 

A DOP is an aerial photograph that has been digitally altered so that its features 

represent their true spatial relationships, or may be described as 'a digital image of an 

aerial photograph in which displacements caused by the camera and the terrain have been 

removed. It combines the image characteristics of a photograph with the geometric 

qualities of a map. ' (USGS DOQ Summary http://nsdi. usgs. gov/products/doq.htrnl April 

27, 2001) This captures the ultimate goal of creating DOPs, but also describes the 

' orthorectification' process which differs from the rectification process in that it takes 

into consideration factors such as the relief of the terrain being mapped (in the form of a 

Digital Elevation Model (DEM)), the type of photographic equipment utilized, and 

altitude and attitude of the aircraft that flew the mission, while a simple rectification 

procedure does not. It is the fact that the rectification process requires fewer parameters 

than the orthorectification process that makes it so popular amongst so many users, and 

software producers alike. The question that must be posed, however, is at what point is 

the rectified product no longer acceptable, and the additional steps of orthorectification 

necessary. This in turn leads to another question; is the rectification process of one 

software preferable to that of another in its efficiency and its quality of product in terms 

of positional accuracy. 
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Literature Review 
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The Industry Standard: Digital Orthophoto Qaudrangles 

The USGS Digital Orthophoto Quarter Quadrangles (DOQQs) are utilized as a 

benchmark for comparison to the products under investigation because they are the 

industry standard. Consequently, it is important that they be defined. As described 

before, a DOQQ 'combines the image characteristics of a photograph with the geometric 

qualities of a map. ' (USGS DOQ Summary http: //nsdi.usgs.gov/products/dog.html April 

27, 2001) Each DOQ covers the same geographic area as a 7.5 min topographic map, and 

a DOQQ a quarter ofthat area (3.75 minutes oflatitude and longitude). The missions 

flown in the National Aerial Photography Program (NAPP) provide the imagery that is 

utilized as the primary source of the DOQs. 

NAPP was created with the goal of collecting aerial photography of all 50 states with 

the exception of Alaska (while DOQ availability covers all 50 states and Puerto Rico). 

This photography meets conditions of uniformity in that all missions are flown at 20,000 

feet , producing a product at 1:40,000 scale, and in both ' leaf-off' and 'cloud free' 

conditions. The few exceptions to 'cloud free ' conditions are only found on the margins 

of photographs, and are compensated for by the overlap of adjacent tiles. NAPP 

photography is available in black and white and color-infrared. Once converted into the 

DOQQ format, the imagery is held to the National Map Accuracy Standards (NMAS) at 

a resolution of 1 meter. The imagery is cast upon the Universal Transverse Mercator 

projection and the North American Datum of 1983. NMAS also specifies, 'that 90 

percent of the well-defined points tested must fall within ...... 33.3 feet (1130 inch) at the 

1:12,000 scale.' (USGS DOQ Background 

http: //edcwww.cr.usgs.gov/glis/hyper/guide/usgs dog April27, 2001) 
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The GCPs utilized in the creation of DOQQs are specified to be thus, "9 ground 

control points, one near each comer, one at the center near each side and 1 near the center 

ofthe photograph, are [to be] used." (DOQQ metadata 

http://blt.wr.usgs.gov/tahoe/doqmeta.html April 26th, 2001) This can be represented by 

fig. 2.1.1 below. 

Registration vs. Rectification 

Uncorrected 
Image 

Fig 2. 1.1 USGS GCP 
Distribution 

Rectification may be defined as "the process of using GCPs to transform the 

geometry of an image so that each pixel corresponds to a position in a real world 

coordinate system" (ERMAPPER on-line tutorial 'About Geocoding ', April2ih, 2001). 

This may be achieved through the process of assigning GCPs, within the 'warp' image, 

to like areas within another ('base') image or vector coverage already cast upon a real 
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world coordinate system. This serves to make the image compatible with existing geo

databases of the same coordinate system. 

Most practitioners, meanwhile, define registration, as the process of using GCPs to 

transform the geometry of an image so that each pixel corresponds with its like location 

in another image/vector coverage. The essential difference here being that the 'base' 

coverage need not be cast upon a projection or coordinate system, but may be merely in 

'raw' coordinates. (NB the reader should be aware that references are frequently made to 

images as ' base' and 'warp'. The 'warp' image will always be that image being altered, 

while the ' base' simply provides the desired coordinate system.) 

Warping: 'Behind the Scenes' 

Image Distortion 

The geometry of imagery is often incompatible with existing geo-datasets. This may 

be a result of distortions within the raw imagery or a result of the imagery being simply 

cast upon a different coordinate system. When the source of the raw imagery in question 

is aerial photography there exists numerous factors that lead to geometric distortion. To 

the layperson the type of aerial photograph that best represents a map is the 'vertical' 

photograph that captures a portion of the earth from a 'bird' s eye' perspective. In a 

perfect world the 'optical center', or 'Principal Point', of such a photograph would match 

exactly the point that lay directly beneath the camera, known as the 'Nadir Point' , when 

the picture was taken. However, given that the platforms that carry the photographic 

products are rarely perfectly parallel with the earth' s surface, this is rarely true. As a 

result, geometric error is introduced in the form of 'Tilt ' . This is well described by John 
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Campbell, 'Tilt is caused by displacement of the focal plane from a truly horizontal 

position by aircraft motion. The focus of tilt, the isocenter, is located at or near the 

principal point. Image areas on the upper side of tilt are displaced further away from the 

ground than is the isocenter; these areas are therefore depicted at scales smaller than the 

nominal scale. Image areas on the lower side of the tilt are displaced down; these areas 

[Nadir Pt.) 
(rrincipul Pt.] 

IJ'rincipul l't.j [Nadir Pt.] 

Degree of Distortion 

Low 0 Medium • High 

Fig 2.1.2 The Nadir & Principal Points 

are depicted at scales larger than the nominal scale.' (Introduction to Remote Sensing, 2"d 

edn. Pg.73. John Campbell) (See fig. 2.1.2) 

A second source of distortion is called 'Relief Displacement' where the apparent 

location of a given feature and its actual planimetric location may differ as a result of the 

feature ' s height, an effect that is exacerbated the further that feature is found from the 
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nadir point. Again, Campbell explains this phenomena very well, ' Objects positioned 

directly beneath the center of the camera lens will be photographed so that only the top of 

the object is visible. All other objects are positioned such that both the tops and their 

sides are visible from the position of the lens. That is the objects appear to lean outward 

from the central perspective of the camera lens. Correct planimetric positioning of these 

features would represent only the top view, yet the photograph shows both the top and 

sides of the object. For tall features, it is intuitively clear that the base and the top cannot 

both be in their correct planimetric positions .... .. the direction of displacement is always 

radial from the nadir; the amount of displacement depends on (1) the height of the object 

Principal Pomt and Nadir 
Point are the Same. 

Pnncipal Point and Nadir 
Point are Different. 

• 

Fig. 2. 1.3 ReliefDisplacement 

and (2) the distance ofthe object from the nadir.' (Introduction to Remote Sensing, 2"d 

edn. Pg 75. John Campbell) (See fig. 2.1.3) 

A third cause of geometric distortion in aerial photography is 'Radial' distortion. This 

is a result of two factors, the first, and most important, being the curvature ofthe lens 

employed in the photographic equipment, and the second being the varying physical 

distance of the captured area from the camera. While these two factors are separate, the 
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result is the same: the scale of features caught on film reduces equally with increased 

distance in all directions from the nadir. (See fig. 1.2) 

Warping Step 1; Geometric Correction 

Whatever the cause ofthe distortion, there are a variety of procedures that may be 

employed to correct the problem. The 'AFFINE' transformation is commonly utilized 

within GIS technology, oftentimes without the user even being aware of its use. When 

utilizing a digitizing tablet, for example, 'AFFINE' is often used to coordinate between 

the geometry of the tablet, and that of the real world coordinate system. Similarly, this 

algorithm is also commonly used to perform the Rectification/Registration process of 

many software platforms. The 'AFFINE' algorithm is utilized by calculating certain 

coefficients between the links of defined GCPs in the 'base' and 'warp' images and, once 

stored in a special file called a 'world file' or imbedded within the image file itself, 

depending upon the format being utilized, are used to maneuver the remaining pixels to 

their new locations. '[T]he affine transformation essentially consists of two linear 

equations for a plane' (Processing Digital Images in GIS. Pg. 158. Verbyla et al.) The 

linear equations Verbyla et al. refer to are: 

X warp= a+ b1 (X (column number) base image)+ b2 (Y (row number) base image) 

Y warp= a+ b3 (Y (row number) base image) + b4 (X (column number) base image) 

These 'polynomials' must be employed to calculate a total of 6 coefficients to allow for 

the change in Rotation, Scale and Transformation and must be calculated for both X and 

Y. As such, 'AFFINE' may sometimes be referred to as 'RST' or 'Polynomial'. The 

'AFFINE' process is considered to be a 'first degree' polynomial in that is used in linear 

corrections only. (See Fig 2.14) 
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Fig. 2.1.4 Affine accounts for change in Scale, Transformation & Rotation 

Higher order polynomials may be considered as our second method of geometric 

correction. 

'The polynomial transformation is calculated based on the number and distribution of the control 
point pairs ...... as you collect more control point pairs, the order and complexity of the 
polynomial transformation may increase .... . . The minimum number of control points you must 
choose in an image to perform a transformation of order 't' equals ((t+1) (t+2)) I 2. So for a first 
order transformation you need at least 3 sets of control points; for a second order transformation, 
you need at least 6 sets of control points. ' (Using Arc View Image Analysis. Pg. 104. ESRI et al.) 

It is expected that with increasing polynomial order, the positional accuracy of the 

georectified product will be improved. 

A third method employed in geometric correction is 'Triangulation'. This is 

defined as a 'method [which] creates a mesh of triangles from the ground control points. 

The triangles are constructed so that the circumcircle for each triangle contains only the 

vertices for the triangle. The polynomial coefficients for each triangle are then calculated. 

[The geometric correction is then performed using] a linear equation within each 

triangle.' (ERMapper User Guide. Pg. 476. Earth Resource Mapping.) This method has 

the advantage of correcting local distortion within an image. 

Warning Step 2; Resampling 

Regardless of the exact method of geometric correction utilized, Lillesand and 

Kiefer describe the overall procedure thus, 'we first define an undistorted output matrix 

of"empty" map cells and then fill in each cell with the gray level of the corresponding 
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pixel, or pixels, in the distorted image.' (Remote Sensing and Image Interpretation. 4th 

edn. Pg. 475. Lillesand and Kiefer.) Lillesand and Kiefer do an excellent job of 

describing the registration/rectification procedure as a two-step process. First, the 

geometry ofthe output 'warped' image must be calculated (as discussed above) . Second, 

the brightness value of each output pixel must be determined, a procedure known as 

'Resampling '. Consider that the output matrix has been warped from the input matrix, 

and therefore the output matrix most likely will not have the same number of rows, 

columns or pixels as the input matrix. As such, determining the brightness value of each 

output pixel is not as simple as transferring the brightness value from the pixel address of 

the input image to the corresponding location in the output image, because like features 

will now have different row and column coordinates. 

There are three methods commonly utilized in resampling. The simplest of these 

employed to address this problem is known as 'Nearest Neighbor', which attempts to 

solve the problem by assigning the brightness value of the input pixel to the output pixel, 

which is closest in row and column location. This offers the advantages ofbeing very 

simple to calculate, and it does not alter any of the brightness values to be assigned. The 

disadvantage ofthis method is that 'features in the output matrix can be offset spatially 

by up to one-half pixel. This can cause a disjointed appearance in the output image 

product.' (Remote Sensing and Image Interpretation. 4th edn. Pg. 476. Lillesand and 

Kiefer.) In an attempt to create products that are smoother in appearance, other 

resampling options may be employed. These include 'Bilinear Interpolation' and 'Cubic 

Convolution'. Both of these methods are similar to 'Nearest Neighbor' in that it must 

interpolate the nearest row and column location of the nearest input pixel being assigned, 
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but instead of using the brightness value of this pixel, it creates a new brightness value by 

creating a weighted average of the pixels surrounding this location, with greater weight 

being assigned to the nearest pixel value, and least weight being assigned to the pixel 

farthest from the input location. The only difference between ' Bilinear Interpolation' and 

'Cubic Convolution' being the munber of pixels used to create the weighted average, 

with ' Bilinear Interpolation' employing the four nearest pixels, while 'Cubic 

Convolution' employs a total of sixteen pixels to create the weighted output. The major 

disadvantage of employing these methods is that with greater interpolation used to create 

the brightness value ofthe output image, the more the spectral characteristics of that 

image is destroyed. As such, the 'Bilinear Interpolation' method is often considered to 

provide a happy medium in terms of smoothness and spectral characteristics. 

Ground Control Points 

Ground Control Points (GCPs) are geographic locations whose coordinates are known 

and are readily identifiable in both the real world, and upon the digital orthophoto/map of 

interest. GCPs play an extremely important role in the thesis presented, in that they are 

utilized in the creation of the rectified imagery products, and are utilized in checking the 

positional accuracy of those products. It is very important, therefore, that calculating the 

coordinates of the GCPs in question is performed as precisely as possible. Furthermore, 

the method that is employed to collect said GCPs must remain consistent as was 

identified by Smith et al. , whose study clearly demonstrated that "a large amount of error 

can be introduced by simply using different techniques to gather GCPs when rectifYing 

images." Their study was conceived to investigate, as the title aptly suggests, whether it 

13 



was possible to obtain more accurate GCP coordinates from the dissemination of USGS 

7.5min topographic maps, or through the employment ofGPS units. It was their 

conclusion that "collecting GPS positional data provided higher accuracy (measured by 

root-mean-square error) than did topographic-map-derived ground control points." 

( 'Accuracy ofRectification Using Topographic Map versus GPS Ground Control Points. ' 

Photogrammetric Engineering & Remote Sensing, vol. 67, no. 5 May 2001. Pg. 570. 

Smith et al.) This point of view is supported by the work of Cook et. AI, whose study 

"indicates that rectifications based on map data cannot be made as accurate as 

rectifications based on GPS data". Consequently, all GCPs will be collected through the 

employment of Differential GPS (see 'Surveying GCPs with DGPS'). Cook et al. also 

encountered difficulties in defining their GCPs, "Because the road intersections selected 

as GCPs had to occur on 7.5-minute quadrangle maps, they were often large enough to 

encompass several panchromatic pixels. This produced inaccurate measures of pixel 

coordinates." ('Relative Accuracy of Rectifications Using Coordinates Determined from 

maps and the Global Positioning System.' Photogrammetric Engineering & Remote 

Sensing, vol. 62, no. 1 Jan 1996. Pg. 73-74. Cook et al.) The author presents a unique 

method to counter this problem in the section 'Objectives' found in the 'Methodology'. 

The ANOV A Procedure 

The ANOVA procedure is a statistical analysis of variance. It will be employed to 

determine whether or not any possible variation in error produced by the various software 

packages demonstrate statistical validity, or are merely produced through randomness by, 

for example, the particular Ground Control Points employed. ANOVA differs from a 
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two-sample t test in that it may compare the means of more than two samples. The user 

handbook that is provided with the statistical software package SPSS, defines ANOVA 

as challenging the 'null hypothesis[:] 

Where Uiis the mean of group i. ' (SPSS Base 7.5 Applications Guide Pg. 121. SPSS) In 

short, the null hypothesis states that all means are equal. The product of the ANOV A is 

the F statistic. It is used to test the null hypothesis, and when 'you look at how the F 

statistic is constructed for testing the hypothesis, the name [ANOVA] becomes more 

clear: 

F= 
Variation among the Sample Means 

Variation within the Samples 

If the means are far apart, especially relative to the variation within each group, the size 

of the F statistic is large and the null hypothesis is rejected.' (SPSS Base 7.5 Applications 

Guide Pg. 121. SPSS) Provided that the null hypothesis is rejected, it will be possible to 

analyze the means and standard deviation of each product and to state with confidence 

that product 'a' produces superior results to product 'b'. 

Summary 

This chapter has briefly acquainted the reader with the knowledge necessary to 

fully understand the challenges that face the writer, and the objectives that he must fulfill. 

The following chapter will define the methods that the writer must follow to attain his 

goal. 
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Methodology 
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Study Area 

The chosen study area was Boca Raton, Fl. There are multiple advantages to 

employing this specific location. First, the writer had ready access to the required data, 

specifically the original Color Infra Red (CIR) National Aerial Photography Program 

(NAPP) photograph that was used to create the DOQQ. A second advantage was the ease 

of access to the study area, which greatly simplifies the ground-truthing process. Lastly, 

this particular area satisfied a very important requirement in that it provided a multitude 

of readily recognizable ground control points, a must in the image 

rectification/registration process. 

Objectives 

The goal ofthis investigation is two-fold. Firstly, the positional accuracy of 

multiple rectified products from each software package will be checked by calculating 

the linear error between GCPs on the rectified imagery and their real world equivalents as 

determined by Differential GPS (DGPS), and comparing the positional accuracy claimed 

by the USGS' DOQQs to that of each product. Secondly, a 'Cost Analysis' evaluation, 

invaluable to any project manager, will be performed recording the time that is taken to 

perform each step in each software package, for each individual product. (See fig. 2.1) (It 

is important to note that the 'Cost Analysis' will not be performed under scientific 

conditions and should be used as a guide to the relative time investment required of each 

package.) In addition, the author will provide a subjective critique of the software 

packages employed in the investigation. 
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Fig 3.1.1 The Thesis Plan 

Cost 
Analysis: 

Time 
Required for 

Each Step 

The variable that is the focus of this investigation is the multiple software 

packages. As such, it is very important that measures are taken to ensure that all other 

variables are kept constant during the analysis. Clearly the methodology of each software 

package (detailed in full in later pages) cannot be constant. However, the raw data that is 

input to each package (see 'The 'Warp' Image'), along with the Ground Control Points 

(GCPs) utilized for each rectification process will be kept constant. While many software 

packages will permit the identification of the GCP in the image to be 'warped' via the 
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keyboard by a 'row and column' address, some packages require that that point be 

identified interactively via an on-screen cursor. This latter method permits the potential 

for 'user error', as a group of adjacent pixels, even at the best GCP locations, can appear 

very similar leading to erroneous GCP selection. As such, the GCPs on the raw image 

will be clearly identified through the process of 'Density Slicing' ; each pixel that marks a 

GCP will be 'painted' white so that it cannot be mistaken with its neighbors, and will be 

surrounded with a white cross so that the pixel may be readily identified when viewing 

the full extent of the image. Furthermore, a unique id number will be placed adjacent to 

the GCP. (See fig. 3.1.2) These measures will permit the accurate selection ofthe desired 

GCP regardless of software methodology. (Please see below for a further discussion on 

GCP selection.) 

Fig. 3.1.2 ' Density Sliced' pixel enabling easy identification 
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Ground Control Point Selection 

Ground Control Points must meet certain requirements to be deemed adequate. 

Firstly, the feature used as a GCP must be readily identifiable on the image that is to be 

'warped'. As such, one must take into consideration the resolution ofthe imagery at 

hand: it would do little good to select a manhole as a GCP if the imagery being employed 

is at a resolution of 30m. While the manhole is readily recognizable in the real world, it 

would be impossible to recognize this feature on the image. A second consideration is 

that the GCPs be evenly spread across the breadth of the image. Greatest positional 

accuracy will be achieved at the GCP locations. As such, it would serve little purpose to 

cluster all GCP locations in one comer of the image. In an effort to reduce possible bias 
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Fig. 3.1.3 The image displays the systematic random placement of points, 
with 2 points per square cell, across the breadth of the image. 
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in the selection of GCPs, the GCPs will be selected via a systematic random sampling 

method. This will be achieved with Arc View 3.2 and an extension named 'Sample' 

created by 'Quantitative Decisions' . Through the employment of this extension it is 

possible to attain the appropriate amount of randomness required to make the sample 

points statistically valid, while also ensuring a wide spread across the study area instead 

ofthe clumping and gaps commonly found in simple random sample techniques. (See 

Fig. 3.1.3) 

In a further attempt to ensure that the sample GCPs meet the requirements 

outlined above and do not fall on other unsuitable locations such as rooftops (see 'Relief 

Fig. 3.1.4. The image above is a sample of a ground-truthing map used to find 
suitable GCPs. ln the center of the concentric rings is the randomly placed sample 
point. Surrotmding the sample point are concentric rings at distances of 30m, 50m 
I OOm, 150m and 200m. The cyan ring indicates the feature that has been identified 
as a potential GCP feature. Ground-truthing will determine the feature's viability. 
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Displacement') or lakes, concentric buffers will be placed around all randomly selected 

points and the best feature within those buffers, that falls closest to the randomly selected 

point, will be selected. (See Fig. 3.1.4) 

These features must then be ground-truthed to ensure that they are both accessible 

and viable. All points that are not viable will be eliminated and, if necessary, the process 

will be repeated as many times as necessary until an adequate number of GCPs are 

created. 

The 'Warp' Imaee 

The 'Warp' image utilized will not only be consistent between the 6 packages 

analyzed in this thesis, but must also be consistent with the industry standard USGS 

DOQQ if a fair comparison is to be made. As such, the same source of imagery used by 

the USGS and their sub-contractors was tapped; a hardcopy version of the NAPP mission 

of Boca Raton was obtained (flown at 1 :40,000). This ensures that the image is the same 

scale and covers the same geographic area (3.75 minutes oflatitude and longitude) as the 

USGS DOQQ. To further ensure a fair comparison, this image had to be scanned at the 

same resolution as the DOQQ, specifically 1 meter. To obtain 1 meter resolution from a 

photograph of 1 :40,000 scale, the image must be scanned at 1 OOOdpi optical resolution. 

This produced an 8 bit image approximately 73 .9mb large. When saved as a RGB .tifthe 

file size tripled to 221.8mb. As stated previously, the GCP's were density sliced onto the 

'warp' image (see fig. 3.1.2). In addition, rings were placed around these GCPs to 

identify whether or not they would be used in the image rectification procedure. This 

decision was based upon their spatial location. For example, recall the 9 GCP pattern 
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specified by the USGS (see fig. 2.1.1 ), those GCPs that most closely represent that 

pattern were defined as USGS GCPs and are assigned for the USGS rectification 

procedure. These GCPs are assigned a cyan ring. (See fig. 3 .1.5) 

Surveying GCPs with DGPS 

Having completed the ground control point selection process, one must re-enter 

the field equipped with a Pro-XR GPS unit. The Pro-XR permits the collection of real 

time Differential GPS points. Differential GPS corrects for error that would be 

experienced with a traditional GPS unit. This is achieved by having a GPS unit stationed 

on a pre-surveyed marker that constantly collects data, and records the time at which this 

data is gathered. Because the unit 'knows' its true location, it may calculate its own error. 

This error may then be transmitted by a radio beacon, and 'rover' units can tune-in and 

correct their own readings based upon the assumption that the error will be the same. 

23 

Fig. 3.1.5. The 
image to the left 
iII ustrates the 
'warp' image at 3 
different scales: the 
full extent, a subset 
that includes a 
legend with the 
color code for each 
transformation 
order, and a single 
GCP ringed in 
white and cyan 
indicating that it 
will be employed in 
both I st order and 
USGS 
transformations. 



When collecting GPS points in Boca Raton, one may set the Pro-XR to collect real-time 

differential correction from a beacon in Miami. However, if for some reason it is not 

possible to obtain the radio transmission from Miami, one may download the differential 

correction data at a later time and perform 'post-processing', the end result is the same. 

Prior to entering the field, the Aspen software package that is used to collect the DGPS 

points, in conjunction with the Pro-XR, is oriented to collect all points in the State Plane 

Coordinate system, Florida East NAD83, units equal to feet. This is the coordinate 

system that the 'warp' image will be cast upon. Also in Aspen, parameters were 

established to prevent the collection ofDGPS points when the PDOP value was too high. 

PDOP stands for Position Dilution ofPrecision, and is essentially a measure of the 

quality of data being collected from the orbiting satellites. The number of satellites that 

are visible, and their relative position in the sky will determine PDOP values. The 

maximum PDOP value specified was 6. In an attempt to avoid collecting data during 

times of the day, on any given date, when PDOP values are known to be high, pre

planning is performed. This is achieved through the consultation of almanacs that contain 

relevant information for location and date and time. (See Appendix C) 

Accuracy Assessment 

As previously stated, it is my intent that the positional accuracy of each 

software' s product be computed and compared both to each other, and to that claimed by 

the industry standard; the USGS DOQQ, recalling that NMAS demands that "90 percent 

of the well-defined points tested must fall within ...... 33.3 feet. " (USGS DOQ 

Background http://edcwww.cr.usgs.gov/glis/hyper/guide/usgs dog April 27th 2001) 
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To ensure that justice is performed to the software packages utilized, it is important that 

all their capabilities are utilized. As such, those packages that offer multiple geometric 

correction options (higher order polynomials, triangulation) will produce multiple 

T #GCPs 

1 3 
2 6 
3 10 
4 15 
5 21 
6 28 
7 36 
8 45 
9 55 
10 66 

Table 3.1.1 
Transformation 
orders and their 

minimum required 
number ofGCPs 

products for comparison. This leads to the question of ' how many 

GCPs are required for the purpose of analysis?' Recall the 

formula ' ((t+1)(t+2))/2 ' where 't' is equal to the polynomial 

order, and the product is the minimum number ofGCPs required 

for the transformation. (Notice in table 3.1.1 a transformation 

order of two requires a minimum of 6 GCPs and transformation 

order of 3 requires a minimum of 10 GCPs. This means that 

employing the 9 GCPs specified in the DOQQ metadata, the 

highest transformation order that may be employed is 2.) Some 

software packages will permit the calculation of many more 

transformation orders than possible due to time constraints. As such, the 'cut-off point is 

set at a 5th order transformation, requiring a minimum of 21 GCPs to complete. (See table 

3.1.3, for a complete list of the products to be created.) It should be noted, however, that 

the software package ENVI uses a different formula (#GCPs > (T+ l)"2) than the other 

packages under study, requiring a greater number GCPs for each 

transformation order (see table. 3.1.2). 

Rather, than use the extra ground control points required 

of each transformation and possibly bias the products ofENVI, 

the software will be assigned the same number of GCPs for each 

transformation order as the other packages, and the actual 
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T #GCPs 

1 5 

2 10 

3 17 

4 26 

5 37 

Table 3.1.2 
Minimum required 
number of GCPs 

for ENVl 



transformation order employed by ENVI will be recorded. Upon completion of the 

multiple products of each software package, two accuracy assessment methods will be 

employed. The first will involve the calculation of linear error between each GCP's 

computed position and the corresponding location as determined by DGPS. The resultant 

errors will be analyzed with the aid of an ANOV A statistical procedure (see 'The 

ANOVA procedure'). The second method will compare the best 90 percent of each 

products GCP errors to that required by NMAS of the DOQQ's: "90 percent of the well-

defined points tested must fall within ...... 33.3 feet." (USGS DOQ Background 

http: //edcwww.cr.usgs.gov/glis/hyper/guide/usgs dog April 27th 2001) 

Software Product 
Arclnfo 8.1 'USGS Comparable' 
Arclnfo 8.1 Transformation Order 1 

ArcView Image Analysis 'USGS Comparable' 
ArcView Image Analysis Transformation Order 1 
ArcView Image Analysis Transformation Order 2 

GeoMedia Pro Transformation Order 1 
GeoMedia Pro 'USGS Comparable' 

ERMapper Transformation Order 1 
ERMapper Transformation Order 2 
ERMapper Transformation Order 3 
ERMapper 'USGS Comparable' 
ERMapper Triangulation 

ENVI Transformation Order 1 
ENVI Transformation Order 2 
EN VI Transformation Order 3 
ENVI Transformation Order 4 
ENVI Transformation Order 5 
ENVI 'USGS Comparable' 
ENVI Triangulation 
ldrisi Transformation Order 1 
ldrisi Transformation Order 2 
ldrisi 'USGS Comparable' 

Table 3.1.3 
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Calculating Linear Error 

Upon completion of the various products of each software package, each must be 

imported into Arc View 3.2 so that the linear error of all GCPs, not only those employed 

in the rectification procedure, may be calculated using the extension 'X-Tools' . A linear 

theme must be created with features that extend from GPS points to their respective 

computed GCPs. Each of these links should be assigned the same unique id as the GCP 

error that they are measuring. 'X-Tools' may allocate the length (measured in the 'Map 

Units ' of the View: in this case feet) of each feature to the attribute table, which can later 

be exported as .dbf file. Having completed the first theme, the creation of further themes 

may be expedited by employing 'Convert to Shapefile' which duplicates the theme. This 

reduces the amount of editing required, as only one end of each feature, the computed 

GCP end, needs to be moved, while the other, the GPS point end, is already true. In 

addition, the unique id is already allocated and the length may be simply updated using 

'X-Tools' . (See Fig. 3.1.6) 
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Fig. 3.1.6. The image demonstrates the linear feature utilized to measure error between 
the red DGPS point and the white computed GCP pixel. This particular feature has been 

selected so that its id and length may be clearly seen in the attribute table to the left. 

Registration!Rectifica tion Procedures 

The remainder of this chapter details the procedures that will be used to create the various 

products of each software package (specifically, Arc View Image Analysis, GeoMedia 

Pro, Arc/Info 8.1, ERMAPPER, ENVI, and Idrisi 3.2). The reader should be aware that 

each methodology shall be preceded by a flow chart that outlines the necessary steps to 

complete the transformation process and may be used as a 'quick reference'. 
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Image Rectification/Registration with Arc View Image Analysis 
Image to Image 

Add Themes to be 
rectified to view. 

Make Image Analysis Theme that is to receive a new coordinate 
system "active" and first in the table of contents. 

Click the ' Align ' 
tool on the toolbar. 

Create a 'From' control point on the active theme by clicking on a 
clearly identifiable landmark that is visible on both images. 

Move active theme to bottom. 

Create the 'To' control point on the Feature (inactive) 
Theme by clicking on the corresponding landmark. 

Create additional control points until a 
minimum of 4 control points are completed. 
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Check the RMS error of each control point by 'right
clicking' upon the image and selecting pan to next link. 

If all RMS 
errors are 

acceptable. 

From Image Analysis menu choose properties. 

From Analysis Extent drop down list, choose 'Union' 
and click 'OK'. 

From Theme menu, choose 'Save Image As' and 
assign a unique output file name. 

Save Control Points as a shapefile. 

Draw newly rectified theme in View. 

Delete old Image Analysis theme from the View. 
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Image Rectification/Registration with Arc View Image Analysis 
Image to Image 

The following will outline the steps that a user must follow to register/rectifY two images 

together. The tool employed for this task is 'Align.' The steps that should be taken are as 

follows: 

1. With a fresh view, add the two Image Analysis themes to be registered/rectified. 

Click on the 'Full Extent' button, and check each box in the table of contents to draw 

both themes in the view. More than likely the two themes will appear as two small 

dots on your screen. 

~ Roadway.shp 

N 

Fig. 3.2.1 
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2. Make the Image Analysis theme you wish to register (the one that is to be assigned a 

new coordinate system) active in the view. The theme being altered should be first in 

the Table of Contents (TOC). (When rectifYing an Image Analysis theme to a feature 

theme this may seem straightforward. However, when coregistering two Image 

Analysis themes this can be confusing. Therefore, it is very important that the user 

has a clear understanding from the start of the process which image is to be altered. 

Again, it is this theme that should be active and first in the table of contents.) While 

the order of the themes in the table of contents may change, the theme being altered 

MUST ALWAYS be active. 

3. Click on the Align button in the tool bar. ~ Image Analysis will attempt to 

redraw the two themes over one another. If this does not work successfully, then the 

user should zoom the area of the inactive theme, where the two themes are to be 

overlaid, and click on the align tool for a second time. Again, Image Analysis will 

attempt to redraw the two themes over one another. 
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11:1 Fauspot.tif 
Re s: 1:6 .3 
:Layer_1 

Fig.3.2.2 

4. Make sure the theme that you are adjusting is 'On Top.' Now move the cursor (which 

will change into crosshairs) to the location of your first control point and left click on 

your image. This creates a 'From Point' on the Image Analysis theme that is being 

assigned the new coordinate system (the image that is active and 'on top '). You will 

notice that when you move the cursor a rubber banding line will stretch from the 

'From Point. ' 
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!l'! Fauspot.tif 
Res: 1:1.7 
:Layer_1 

Fig.3.2.3 

5. When working with two Image Analysis themes, one will mask the other and you 

will not be able to see the corresponding control point on the 'bottom' image. To 

correct this, click and hold down the right-mouse button and select from the pop-up 

menu 'Move Image to Bottom.' The view will re-draw with the inactive theme now 

'on top.' 
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Fig.3.2.4 

Zoom to Full Extent 
Zoom In 
Zoom Out 
Zoom to Adive Theme(s) 
Zoom to Seleaed Unk 

6. Locate the corresponding control point on the in-active theme (this may require 

'zooming-in/out' or some 'panning,' all functions that may be achieved by clicking 

and holding down the right mouse button to open the pop-up window). With the 

'Align' tool still active, left-click on the control point to create a 'To Point.' 

7. This creates the first control point. The two themes will be shifted so that the 'From' 

and 'To' points line up. 
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s1 Fauspot.tif 
Res: 1.5:1 
:Layer_1 

Fig.3.2.5 

8. Repeat steps 4 through 6 to create the second control point. 

Fig.3.2.6 
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9. Having completed the second control point, the scale of the image will be adjusted. 

10. Repeat steps 4 through 6 to create a third control point. 

11. Having completed the third control point, Image Analysis calculates an 'Affine' 

transformation so that all three control-points match up. (This transformation will 

adjust for translation, scale and rotation.) 

Fig.3.2.7 

12. Repeat steps 4 through 6 to create a fourth control point. 

13. With the fourth control point, and every control point henceforth, aRMS error will be 

calculated and displayed for every control point. The user now has the option of 

creating further control points and deleting control points with high RMS errors, or 

stopping here. 
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~ Faucampus2 .i 
Re s 7.2:1 
Layer_1 
L er_2 

:Layer_3 

Fig.3.2.8 

14. The user may check the RMS error of each control point by clicking and holding 

down the right mouse button and selecting 'Pan to Next Link'. The total RMS error 

and the RMS error of each control point will be displayed. If the RMS error of any 

control point is unacceptably high, delete the point by right clicking and selecting 

'delete link. ' 

15. Once the user is satisfied that they have acquired a sufficient number of control 

points and the RMS error of each is acceptable, the first part of the alignment process 

is complete. 

16. Ensure that the image being adjusted is still the active theme. From the Image 

Analysis menu choose properties. 
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17. 'Zoom to Active Theme' 1~1 

18. From the 'Analysis Extent' drop down list choose 'Union' and click 'OK'. 

,:_• Image Analysos Properties :. 

Analysis Extent _1 1 11-rl a 

Left Top 

Bottom Right 

Analysis Cell Size I M a~ 

CeH Size ft 

Number of Rows 

Number of Columns 

Analysis Mask I No Mask Set 

OK Cancel 

Fig.3 .2.9 

19. From the 'Theme' menu choose 'Save Image As' and assign a unique output file 

name. 

20. Save Control Points as a shapefile. 
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21. Add newly rectified theme to view and draw. 

l6 New fa uca"ll t 
Res: -1:4 .2 
Layer_1 
UVIr2 

:Layer_3 

ll1 Fauspot.tif 
Re s: 1: 6 .4 
:Layer_1 

Fig.3 .2. 10 

22. Delete the old Image Analysis Theme from the view. 

23. This completes the outline for rectifYing/coregistering Image Analysis Themes. 
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Image Rectification/Registration with Arc View Image Analysis 
Image to Theme 

Add Themes to be 
rectified to view. 

Make Image Analysis Theme ' active' and 
second in the table of contents. 

Click the ' Align ' 
tool on the toolbar. 

Create a 'From' control point on the Image (active) theme by clicking on a clearly 
identifiable landmark that is visible on both the image and the Feature Theme. 

Create the 'To' control point on the Feature (inactive) 
Theme by clicking on the corresponding landmark. 

Create additional control points until a 
minimum of 4 control points are completed. 
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Check the RMS error of each control point by 'right
clicking' upon the image and selecting pan to next link. 

errors are 
acceptable. 

From Image Analysis menu choose properties. 

From Analysis Extent drop down list, choose 'Union' 
and click 'OK'. 

From Theme menu, choose 'Save Image As' and 
assign a unique output file name. 

Save Control Points as a shapefile. 

Draw newly rectified theme in View. 

Delete old Image Analysis theme from the View. 
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Imaee Registration/Rectification with Arc View Image Analysis 
Image to Feature Theme 

The following will outline the steps that a user must follow to rectify an image to a 

feature theme. The tool employed for this task is 'Align.' The steps that should be taken 

are as follows: 

1. With a fresh view, add the two themes to be rectified. The image theme must be 

imported as an Image Analysis theme for the 'Align' tool to work. The Image 

Analysis theme that will be aligned to the Feature Theme's coordinate system. Click 

on the 'Full Extent' button, and check each box in the table of contents to draw both 

themes in the view. More than likely the two themes will appear as two small dots on 

your screen. 

~ Faucampus2 . 
Res: 1:463.6 
:Layer_1 
Layer ' 

:Layer_3 

~ Roadway.shp 

N 

Fig.3.3.1 
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2. Make the Image Analysis theme active in the view. The Image Analysis theme should 

be second in the table of contents, and MUST ALWAYS be active during the 'Align' 

process. 

3. Click on the Align button in ~ the tool bar. Image Analysis will attempt to 

redraw the two themes over one another. If this does not work successfully, then the 

user should zoom to the area of the inactive feature theme, where the two themes are 

to be overlaid, and click on the align tool for a second time. Again, Image Analysis 

will attempt to redraw the two themes over one another. 

"' F '""""""'I Re s: 1:2 .8 
:Layer_! 
Layer_2 

:Layer_3 

Fig.3 .3.2 

~ I 
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4. Now move the cursor (which will change into crosshairs) to the location of your first 

control point and left click on your image. This creates a 'From Point' on the Image 

Analysis theme that is being assigned the new coordinate system. You will notice that 

when you move the cursor a rubber banding line will stretch from the 'From Point. ' 

~ Faucampus2.ilrl 
Re s: 1:2.6 
:Layer_1 
Lsyer_:! 

:Layer_3 

Fig.3.3 .3 

5. Locate the corresponding control point on the in-active theme (this may require 

'zooming-in/out' or some 'panning, ' all functions that may be achieved by clicking 

and holding down the right mouse button to open the pop-up window). With the 

'Align' tool still active, left-click on the control point to create a 'To Point.' 

6. This creates the first control point. The two themes will be shifted so that the 'From' 

and 'To ' points line up. 
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!t1 Faucampus2.i 
Res 1:2 .6 
:Layer_1 
Layer_2-
:Layer_3 

Fig.3.3.4 

7. Repeat steps 4 through 6 to create the second control point. 

:ArcVii,wGIS3'2o -·: - - -~-~- --_--. --. ·-- -~-. · -- ---- - ---- 1!!1~ 

!t1 Faucampus2.il' 
Res: 1:2.6 
Layer_1 
Layer_l 
:Layer_3 

Fig.3.3 .5 
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8. Having completed the second control point, the scale of the image will be adjusted. 

9. Repeat steps 4 through 6 to create a third control point. 

10. Having completed the third control point, Image Analysis calculates an 'Affine' 

transformation so that all three control-points match up. (This transformation will 

adjust for translation, scale and rotation.) 

Fig.3.3.6 

11. Repeat steps 4 through 6 to create a fourth control point. 
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12. With the fourth control point, and every control point henceforth, aRMS error will be 

calculated and displayed for every control point. The user now has the option of 

creating further control points and deleting control points with high RMS errors, or 

stopping here. 

13. The user may check the RMS error of each control point by clicking and holding 

down the right mouse button and selecting ' Pan to Next Link'. The total RMS error 

and the RMS error of each control point will be displayed. If the RMS error of any 

control point is unacceptably high, delete the point by right clicking and selecting 

'delete link.' 

ltl F aucampu s2 .ir 
Res: 1:2 .6 
.Layer_1 
l ;yer ' 
:Layer_3 

Fig.3.3.7 
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14. Once the user is satisfied that they have acquired a sufficient number of control points 

and the RMS error of each is acceptable, the first part of the alignment process is 

complete. 

15. Ensure that the image being adjusted is still the active theme. From the Image 

Analysis menu choose properties. 

16. From the 'Analysis Extent' drop down list choose 'Union' and click 'OK'. 

-::.: Image Analysis Properties 

Analysis Extent 

Left Top 

Bottom Right 

Analysis CeK Size I M aM iJ 

CeH Size It 

Number of Rows 

Number of Columns 

Analysis Mask I No Mask Set 

OK Cancel 

Fig.3.3.8 

17. From the 'Theme' menu choose 'Save Image As' and assign a unique output file 

name. 

18. Save Control Points as a shapefile. 

19. Add newly rectified image to view and draw. 
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il Faudop.img 
Re s: 1:3.8 
:Layer_1 
L"Ver_2 
:Layer_3 

Fig.3.3.9 

20. Delete the old Image Analysis Theme from the view. 

21. This completes the outline for rectifying/registering Image Analysis Themes. 
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Image Registration with Arc8.1 
Flow Chart 

Employ the 'Register' command to defme 
your 'Warp' image and base 'Coverage' 

Employ the interactive frames to define the area of both the 
image and coverage to be displayed in the 'Overlay' window 

From the 'View' menu select 
'Redraw Overlay Canvas' 

In the 'Overlay' window left-click on the 1st GCP on the 
image and then the corresponding point on the coverage 

Pan to location of 2"d Link 

Repeat the above process to create a minimum of 4 links 

From the 'Edit' menu, select 'Link Actions' and 
then ' Register' 
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' X' -out of ' Link Actions ' . DO NOT hit 'Quit' 

From the 'Edit' Menu, select 'Lock Image' 

Add additional links as necessary 

From the 'Edit' menu select ' Link Actions ' 
and then 'Register ' 

Check the RMS error of each control point reviewing the 
interactive window 

If all RMS 
errors are 

acceptable. 

From the 'File' menu click ' Save Transformation' 

Close the 'Register' window by clicking on the 'X' 

Employ the 'Rectify' command to warp your image 
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Image Registration with Arc8.1 

1. From the Arc Prompt, first ensure that your workspace is set up in the correct 

directory. 

2. Employ the Register command with the correct arguments (see the image below) to 

begin the registration process. (For an explanation of the arguments, see the on-line 

help.) 

;. Arc 
---~ ----·-

Arc· reog1~-teor 

Us. age> REG I$ TEP. 1 rnageo I c O'}e>r} I CO'-'E?r _co 1 or i I band I COMPO$ ITE I I reod band J 

:greoeon_band} iblueo_band: iAP.C I POINT I TIC I ALLJ 
Arc. reogisteor faucarnpus2 roadway 2 composite> 

Fig.3.4.1 

3. An interactive window will open that contains three frames (see below). The 

'IMAGE' window will display the image that you wish to register. The 

'COVERAGE' window displays the coverage that you will register the image to. 

There are interactive frames in each of these windows that may be moved, one at a 

time, with the left mouse key and may be resized with the right mouse key. The area 

in the frame ofthe 'COVERAGE' window will be overlaid on the section of the 

image enclosed by the frame ofthe 'IMAGE' window in the 'OVERLAY' window. 

(NOTE: Resizing the frames in the 'IMAGE' and 'COVERAGE' windows is the 

only way to PAN, ZOOM IN and ZOOM OUT within the 'OVERLAY' window.) 
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Fig.3.4.2 

4. To view the image and coverage in the overlay window 

choose 'REDRAW OVERLAY CANVAS' from the 

'VIEW' menu. 
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5. In the 'OVERLAY' window, 'left-click' once on your first Ground Control Point 
(GCP) on the image, and then 'left-click' once on the corresponding GCP on the 
coverage. This will create your first link (see the image below). 

Fig.3.4.3. Link 1 
6. Repeat this step to create a minimum of four links. You may have to pan around the 

image and coverage to locate appropriate GCPs 
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Fig.3.4.4. Link 2 

Fig.3.4.5. Link 3 
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Fig.3.4.6. Link 4 

7. Once you have created a minimum of four control points, Arclnfo can now create a 

8. 

Transformation file. From the 'EDIT' menu choose the 'LINK ACTIONS' option, 

and then choose the 'REGISTER' button. 

I L:Jf~.~·i~~:~~.r.-.::· .. ·.]1 
Reset Transformation 

Enter .Map X Y for Link: 

LinkiD: 4 

Image X = 
Coverage X = 

1957.672 

951804.447 

Redraw Qverlay 

.S.ave Transformation 

y = 

y = 
1304.708 

742576.098 

<Buttons: Left to Add. Right to Delete> 

Fig.3.4.7 
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An interactive window that displays the RMS error of each link will be displayed. 

Observe the errors of each and click 'Done' when finished. Close the Link Actions 

window by clicking the ~. Do not click 'QUIT,' as this will terminate your 

'REGISTER' session. 

~----------------------~~l XI REGISTRATION ACTIONS-----------·~-'-· --------------------, 

Enter Link ID to delete: I ! Select Done when finished viewing: 

REGISTRATION RESULTS: 

Scal e (X , Y) = (3 . 279 , 3 . 282) Rotation ~ 0 . 2 50 deg rees 
RMS e r ro r (imaqe ,cover ) = (1. 160,3.806) 

Link I d 

1 

2 

4 

Fig.3 .4.8 

Link Evaluation : [ In Cover age Coordinate~ ] 

Calculated (X, Y) 

95 1482.465,739628. 141 
948861. 507,742750.02 1 
9484 68 . 25 1,740 14 1 . 952 
95 1801.056,74257 4 .74 8 

True (X, Y) 

95 1479.2 11 ,739626 . 8 4 6 
9 48857.703 , 7427 48 . 506 
9 4847 1 .9 18, 74 0 143 . 412 
95 1804.447, 742576 . 098 

Distance 

3 . 502 
4. 095 
3. 947 
3 . 651 

Done 

9. From the 'EDIT' menu, choose Lock Image. This will link the frames in both the 

'IMAGE' and 'COVERAGE' windows (so that when you move or resize one 

frame, the other will adjust accordingly) and will allow you to display the image in 

the 'OVERLAY' window transformed to your new links. 
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Fig.3.4.9. Locked Image 

10. Add additional links to your image and choose the registration button when finished . 

Again, the 'REGISTRATION' window will appear. Note that the link with the 

highest error is link 2. This link should be deleted. Enter the 'Link ID' number that 

you wish to have deleted and hit enter. 
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Enter Link ID to delete: 2 Select Done when finished viewing: 

REGISTRATION RESULTS: 

Seal~ (X , Y) = (3.282,3.283) Rotation= 0.055 degrees 
RMS er r o r (image,cover) • ( 1 .012,3 . 32 1 ) 

Link Id 

4 
5 

Fig.3.4.10 

Link Evaluation : [ In Cover age Coordinate~ 

Ca l cu l ated (X, Y) Tr ue (X, Y) 

--------------------- ---------------------
951 482.096,739632.328 95 1484.047 ,739630 . 015 
9 48 473 . 627,740 135 . 640 9 48471.127 , 74 0 139 . 975 
948859 . 686,742748 . 524 9 48861. 0 19 , 7 427 4 6 . 267 
95 1803.837,742576 . 689 951802 . 699 , 74 2574 .391 
946854.398,742323 . 078 9 4 6855 . 16 1, 7 4232 1 .646 
95 1793.416,743533.944 951793 . 007,743537 . 909 

Distance 

---------
3 . 026 
5 . 003 
2 . 621 
2 . 564 
1. 623 
3 . 986 

11 . The new RMS error will be displayed, with Link 2 omitted. 

REGISTRATION ACTIONS 

Enter Link ID to delete: Select Done when finished viewing: 

REGISTRATION RESULTS: 

Scale (X , Y) ~ (3 . 281 , 3.286) Rotation= 0 . 019 degree3 
RMS error ( i mage,cov er) • (0 . 592,1.943) 

Link Id 

1 

3 
4 
5 
6 

Fig.3 .4.11 

Link Evaluation : ( In Coverage Coordinates 

Calculat~d (X , Y) 

951483.827,739629.327 
948860.167,742747 . 690 
9 5 1803.637,74 25 77. 0 36 
9 4 6855.682,742320.850 
95 1792 . 619,743535 . 326 

True (X, Y) 

951484 . 047 , 739630.015 
9 48861. 019 , 74274 6 . 267 
9 51802 . 699 ,742574.39 1 
9 4 6855 . 1 61, 74232 1. 64 6 
95 1793.007 , 743537 . 909 

Di!!!ltance 

o. 723 
1. 658 
2 . 806 
0.95 2 
2. 612 

Done 

Done 

When you are satisfied with your links, choose 'SAVE TRANSFORMATION' from 

the 'FILE' menu. This will create a world file associated with your image file . Contained 

within this file are the transformation coefficients that will be utilized during the 

'RECTIFY' process. (NB It is highly advisable to 'SAVE TRANSFORMATION' 

60 



several times during the registration process. While this will not save the links that you 

create, it will save the transformation coefficients.) 

12. Close the 'REGISTER' window by clicking on the ~ in the upper right hand corner. 

~ Arc 111!1~£1 

~~---~--[DEFAULT lco-LORM-AP-1--NONE~ ~-~lip-~c~~~~~-1 -so:.:: ~-~-;;;~-:~~Jmin~:---E! 
{ xmax I ( 1,;1max I 

Arc rectify faucampus2 faucampus3 cub1c 
Rectifying. 
Arc 
a 

Fig.3.4.12 

13. You will now need to 'RECTIFY' your image to produce an output file that has been 

transformed using the coefficients obtained from the model created in the registration 

process. 

14. Enter the 'RECTIFY' command, followed by the name ofthe image that you 

performed the registration upon, followed by the output file name, followed by the 

resampling function you wish to employ (see example below). (This process can take 

a while, but batch jobs of multiple transformations can be set-up to run during off

peak hours.) 

15. This completes the transformation process. 
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Image Registration with GeoMedia Pro 
Flow Chart 

' Interactively' insert your image 
into a new 'Map Window' 

Vertically Tile your 
two Map Windows 

In both Map Windows, zoom to an 
extent that encompasses your GCPs 

Make the Vector files 
'Non-Locatable' 

Select the Image 

From the 'Tools' menu, select 
' Image Registration ' 

From the 'Registrations ' dialog, 
click 'New' 
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Click 'Add Points on the 'New Image Registration' 
dialog window 

Create your frrst 'Source' GCP by left-clicking 
on your GCP in the image window. 

Complete the first link by left-clicking on the 
corresponding location in your 'Target' window. 

Repeat the previous two steps to create a minimum 
of 3 GCP links. Double-click when satisfied. 

In the 'New Image Registration' dialog box check the 
RMS error of each link. 

If all RMS 
errors are 

acceptable. 

Enter Name and Description for the Registration 

Click ' Register ' and then close the ' Source' window. 

Click on the 'Add Image Legend Entry' button and 
select the image you registered and click ' OK' 
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Image Registration with GeoMedia Pro 

1. Insert an image interactively into a new map window. (While it is possible to place 

your image into your existing map window, the registration process can be made all 

the more efficient by placing it in a new window.) 

Insert lmnge D 
Image name: 

IS:\jgammack-clark\Projects\FAU\ 

J Load image to 

I Warehouse: jsoca 

f!rowse... I 

31 
Placement mode-~----------, 

r. [iii~~~~~ 
r Q.eoreferenced 

r Byheader 

{:>Cardinale system ~formation file· 

Browse ... 

OK Cancel 

Fig.3 .5.1 

2. Tile your windows vertically so that you can see both your source data (your image) 

and your target data (your vector files). 
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Fig.3.5.2 

~ r/ rau_boca_bMry 
~ • medians 
~ D parl<lng_lsland 
~ r/mallway 
~ • sidewalk 
~ • buildings 
~ • water 

3. In both windows, zoom to the area that will capture your control points. Make the 

vector files 'Non-Locatable ' . 

4. Select your image. 

5. From the 'Tools' menu select Image Registration. The 'Registrations' Dialog Box 

will open, click 'New'. 

Registrations: 

Descriptions: 

Fig.3.5.3 
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6. Click 'Add Points' on the 'New Image Registration' dialog box. (This option will not 

be available if you failed to complete step 1.) The dialog box will disappear. 

I# !Type I Raster Row: I Raster Column: I Longitude: (d:m:s) I Latitude: (d:m:s) I Residuals: (m) I 

j [~~-~-~~~~.::JI EditSQurce .. . l Editiarget...l AQpend Qelete RMS error: (m) 0.00 

Name: jlmage Registration 1 Des_gription: 

Begister Sa)le Cancel 

Fig.3.5.4 

7. 'Enter source control-point 1' will appear at the bottom of the GeoMedia Pro 

window, and your cursor will change into 'cross-hairs' 
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8. In your 'source' window (the one with the image) click on the location of your first 

• 

'source' control point. A cross will appear on the image with the number '1' next to 

it . 

4J (.JPUM('dln l ' rof r>•, .... mnnl llnr n 1!!1~13 

Fig.3.5.5 
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Click on the corresponding location in your ' target' window (the one with the vector 

lines). Your first ' target' control point will appear as a cross with the number ' 1' next 

to it. This completes your first control point. 

Fig.3.5.6 

r/ tau_boca_bndry 
• medians 
D parl<ing_lsland 
r/ roadWay 
• sidewalk 
• buildings 

10. Repeat steps 8 and 9 until you have created as many control points as desired (at least 

3). Once satisfied, double click to end. 

11. The 'New Image Registration' dialog box will re-appear, displaying data on the 

control points that you have created. Ifthe error of any ofyour control points is 

unacceptable, you may remove pairs by selecting the row and then clicking 'Delete' . 
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# Type Raster Row: Raster Column: Longitude: (d:m:s) Latitude: (d:m:s) Residuals: (m) 
• 1 Control 5617 2237 -80:06 21.935 26:21 56.708 2.87 

-
2 Control 6069 3526 -80:05:54 021 26:21:47.264 1.72 

r-- 3 Control 3949 3668 -80:05:503 17 26:22:29.582 
-

'f12 
4 Control 4446 1967 -80 06:27 683 26:22:20 028 2.27 

I L~.~-~~!~~~:.:JI Edit S_gurce ... l Editiarget .. I Ap.pend Qelete RMS error: (m) 2.1 

Name: jlmage Registration 1 Des.~;ription : 

Begister Co.ncel 

Fig.3.5.7 

12. Enter a name for the registration. 

13. Enter a description for the registration. 

14. Click 'Register' to register the image. Your image will disappear from your ' source' 

window. It has moved to its new location on the co-ordinate system that you have 

assigned to it. The 'source' window is no longer required, close it arid maximize your 

' target' window. 

15. Click on the 'Add Image Legend Entry' button to add the newly registered image to 

your map window. 

69 



• • ii •• 

.COnnections: 

jBoca 

!mages: 

FAUSPOT.TIF 1 
FAUSPOT.TIF:2 
FAUSPOT.TIF 3 

new_doqq.tif 

Fig.3.5.8 

XI 

OK Cancel 

16. The Newly Rectified Image will draw in your 'Map Window'. 

;../ tau_boca_bndry 

• medians 
D parl<lng_island 
;../ roadWay 
• sidewalk 
• buildings 
• water 

~ ~ FAUSPOT.TIF:4 

F1 for Help. 

Fig.3.5.9 
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Image Rectification/Registration with ldrisi 3.2 
Flow Chart 

Determine the X and Y co-ordinates of 
GCPs on your un-rectified image 

Create a 'Correspondence File' by selecting 
'Edit' from the ' Data Entry' menu. 

Create 'Correspondence File' by right justifying columns in a table in the following format: 

# GCPs 
Old X Old Y New X New Y 
Old X OldY New X New Y 

Save Work as a .cor file and Exit the 'Text Editor' 

From the ' Reformat Menu ' select the ' Resample' command. 

Define the required parameters in the 'Resample' 
dialog and click 'OK'. 
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If all RMS 
errors are 

acceptable. 

Click 'OK' 

Examine the RMS error of each point. 
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If all RMS 
errors are not acceptable, 
uncheck the bad links and 

click 'Recalculate' . 



Image Rectification/Registration with ldrisi 3.2 

1. As with all software platforms, Idrisi requires that you employ a set of Ground 

Control Points (GCP) to 'Rectify' your image. Where ldrisi differs from other 

platforms is that it requires you to identifY these GCPs via the keyboard, as opposed 

to interactively with a mouse. To achieve this, one must create a 'Correspondence 

File,' (*.cor) which contains the coordinates ofyour GCPs ofyour un-rectified image, 

and the corresponding coordinates in the system that you are rectifYing your image to. 

2. To determine the coordinates of your GCPs on your un-rectified image simply move 

your cursor to that location and note the X and Y coordinates in the status bar at the 

bottom of your screen. 

Fig.3 .6.1 
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3. To create a 'Correspondence File,' select 'Edit' from your 

'Data Entry' menu. 

INITIAL 

UPDATE 

Surface Interpolation • 

UTMRef 

Database Workshop 

4. A new window will be displayed. You must now enter the infonnation needed for the 

'Correspondence File.' The first row you enter should be the number ofGCP's you 

are utilizing, followed by the old and new coordinates for each GCP, in the following 

format (NB your columns should be Right Justified): 

Number ofGCPs 
OldX OldY New X NewY 
OldX OldY New X NewY 

5. When finished, save your work as a'* .cor' correspondence file and EXIT the 'Text 

Editor' 

!'liDHIS I l ext I d1tor ~~1'3 

Filenlllne : s:\jglllnma-1 \temp\idrisi\69cor.cor Row : 5 

I+ 
.a 

1+1+32.911 
.a 

1+1+32.911 

Fig.3.6.2 

1+51+9.9 91+8782.1+3 
1+51+9.9 969659.1+3 

-3.aa5285 91+8782 . 1+3 
-3.a95285 969659.1+3 

781+619.1+2 
781+619.1+2 
769922 . 1+2 
769922.1+2 
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.!:!afp 

Cut 

~opy 

Easte 

Q.elete 

Print 

lr..._sfive _j 

Save As I 
EYt I 
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6. You must now use the 'RESAMPLE' command, found 

under the 'REFORMAT' menu. 

Data Entr:i Wind 

CONVERT 

PROJECT 

hl ~·"'IIF LE 

WINDOW 

EXPAND 

CONTRACT 

CONCAT 

TRANSPOS 

Raster/Vector Conversion ~ 

UNEGEN 

7. An interactive window will appear requesting the parameters that you must define for 

the 'RESAMPLE' function. You must first define the type offile that you are 

resampling (in our case, this will be image). Next, name the file you are transforming, 

define an output file name, and the 'Correspondence File' that you previously 

created. You have three choices when choosing your mapping function, Linear (first 

order polynomial), Quadratic (second order polynomial), and Cubic (third order 

polynomial). Idrisi recommends that you utilize 'the lowest order polynomial that 

provides a reasonable solution since the effect of poor control point specification gets 

dramatically worse as the order of equation used increases. ' You must also ensure 

that you have a sufficient number of GCPs for each mapping function. Linear 

requires a minimum of3, Quadratic 6, and Cubic 10; however, Idrisi recommends 

that you enter double this amount. The Background value defines the brightness value 

(BV) to be assigned to pixels in the output file, that have no corresponding pixels in 

the input file. These pixels will then be assigned a new value defined by the 

resampling type that you choose. Nearest neighbor will utilize BV s from the input 

image, but may not produce an image as ' smooth' as bilinear which may interpolate a 
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new value based upon those of the input image. 

RESAMPLE - Image resampling and geome_tric correction 

Type of file to be resamplert-------------------., 
r. Image 
r Vector 

Input image: 

Output image: 

Correspondence file: 

jboca_1 000dpi_gcps_256 ~ 
rjld~ri~~-to~,----------------~ 

jboca_256_idrisi II] 
Mapping functinrr------------------------, 
r. Linear 
r Quadratic 

r Cubic 

I
Resampling type 
r. Nearest neighbor 

_r Bilinear 

Background value: 

Fig.3.6.3 

jo 

Output reference parameters ... 

OK Cancel Help 

Under 'output ref. par' define the coordinate system that you are rectifYing your image 

to and the units that you intend to use (there is usually a standard unit that is used 

with each coordinate system). You must also define the unit distance; the default is 

set to 1. Next, you must enter the Minimum and Maximum X andY's of your output 

image. This allows you to rectifY the entire image, or a subset of your image. Finally, 

you must specifY the number of rows and columns that will encompass your output 

image (see below), providing that you do not wish to alter the resolution of the input 

image, simply enter the number of rows and columns ofthe input image. Click 'OK' 

when you have finished entering the parameters. 
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Rererence Parameters ~"' ___ .:J.Ql~ 

Number of columns: j85D7 

Number of rows: 19114 

Minimum X coordinate: 1938566.91 

Maximum X coordinate: 1966469.90 

Minimum Y coordinate: 1728634.19 

Maximum Y coordinate: 1758757.19 

Reference system: Reference units: 

jspc83fl3 [J) . jMeters i1 

Unit distance: j1.o 

OK Cancel Help 

Fig.3 .6.4 

8. The RMS error of your polynomial will now be displayed in the order that GCPs 

were entered in your 'Correspondence File.' Those links with very high RMS errors 

may be omitted by simply un-checking the check box adjacent to the undesirable 

point, and then clicking the 'Recalculate ' button. Once you are satisfied with your 

RMS error, click 'OK.' 
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Rf'iAMPl£ - rmage resampling and ge 

The following control points are numbered in the order they appear 
w~hin the. correspondence file. R ernove. or add che_ck marks to omit 
or restore control points. 

Residual error for each control point: 

~ 1 0.770407 
~ 2 0.739867 
~ 3 0.773683 

4 0.743143 

Recalculate RMS 

OK Cancel 

Fig.3.6.5 

Total RMS Error: 

0.756931 

RMS error is expressed 
in input image units. 
With low RMS values. 
be e~~reful thlll 110 

adequllle sample existt 
(e.g. 2-3 times the 
mllthernlltical mint 

Help 

9. The Output Image will now be created. 

Fig.3.6.6 

10. This completes the rectification process. 
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Image Re.gistration!Re.ctification with 'ERMappe_r' 
Flow Chart 

Ensure that your 'Warp' image is 
saved in the '.ers' format. 

Start the 'Geocoding Wizard' by the clicking 
the 'Geocoding Wizard' button. 

Define the 'Warp' file by clicking on the 
'Open File' button under the 'Start' tab. 

Defme the 'Geocoding Type' to be utilized 
('Polynomial' in this case). 

Activate the 
'Polynomial Setup' tab. 

Defme the 'Polynomial Order' to be employed 
(Linear in this case) 

Activate the 
'GCP Setup' tab. 
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Under the 'GCP Picking Method' check 
'Geocoded Image, Vectors or Algorithm'. 

Click on the 'Open File' button and 
defme your 'Base' image. 

Activate the 
'GCP Edit' tab. 

Minimize the 'Geocoding Wizard' 
dialog. 

Activate the 'Uncorrected GCP 
(OVERVIEW ROAM geolink)' 

Select your first GCP in this window 
(DO NOT 'ZOOM-IN' in this window) 

If needed, adjust the GCP in the 'Uncorrected 
GCP Zoom' window. 
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Repeat the previous two steps in the 'Corrected GCP 
(OVERVIEW Roam geolink)' and 'Corrected GCP Zoom' windows. 

Click in the 'Cell' beneath the 'Edit' column and change 
the option to 'NO'. This completes the ftrst link. 

Click on the 'Add New GCP ' button in the 
'Geocoding Wizard' dialog. 

Create an additional 3 links by repeating 
the previous 4 steps. 

ERMapper can now 'predict' further GCP links. Create a new 
GCP in the 'Corrected GCP (OVER VIEW Roam)' window. 

Click on the 'Calculate Uncorrected Point' 
button in the 'Geocoding Wizard' dialog. 

If required, edit the location of the 
'predicted' point. 
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Create as many 'predicted' points as necessary. 

Click 'Save' on the 'Geocoding Wizard '. 

Ensure that all RMS Errors are acceptable. 

If all RMS 
errors are 

acceptable. 

Select the ' Rectify ' tab 

+ 
J 

Click on the 'Open File' button and navigate to the 
location that you wished to save your registered image. 

+ 
Click on the 'Save File & Start 

Rectification' button 

t 
Click 'OK' 
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errors are not acceptable, 
Highlight the bad GCP 
and click the ' Delete 

GCP' Button. 
Recreate. 



Image Registration/Rectification with 'ERMapper' 

Saving your Files in ERMAPPER format 

1. You must first ensure that your image is saved in the ERMapper format (* .ers). 

2. Left-click on the ' Image Display and Mosaic Wizard' button. ~ 

3. An interactive window will be displayed, as seen below. 

Fig.3.7.1 

wish to display? 

I clark\Temp\ERMapper\Register\fauspottif . r;;ii; J 
1-' Display image in 2D 

r Display image in 3D 

17 Manually set display method 

r Mosaic all tiles of this type 

I Manually set mosaic method 

<Back Next> Cancel 

4. Left-click on the 'Open File' button and navigate to the image that you wish to save 

in the ' *.ers' format. Select the options to 'Display image in 2D' and 'Manually set 

display method', and then click 'Next'. A new window will be displayed. You are 

prompted to choose the method with which your image will be displayed. The image 

that is being converted in this example is a 'Grayscale' image; as such the 'Grayscale' 

option is employed. If employing a multi-band image, the 'Red Green Blue' option 

may be utilized, and if you are using aDEM, the ' Sunshade' and ' Colordrape' 

options may be used. By selecting the option 'Manually select display method 
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properties', the user is permitted to define which band is assigned to which 'color 

gun'. If employing the 'Grayscale' display method, such advanced settings are not 

available. 

Fig.3.7.2 

\o Grayscale ~ 

r Red Green Blue 

r Sunshade 

r Colordrape 

P' Manually select display method properties 

< Back I Next > Cancel I 

5. An image window should now open containing your data, along with a new window 

giving you the option to go back and alter any of your settings. Once satisfied, choose 

'Finish'. 

Make changes or press 'Finish' when done 

Back to Change file I 
Back to Change display method I 
Back to Change display method properties I 

<Back 

Fig.3.7.3 
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6. From the 'File' menu, select the option 'Save As'; a new window will be displayed. 

In the 'Files of Type' select 'ERMapper Raster Dataset', navigate to the directory that 

you wish to save your file in and select 'Save'. 

n• Sav e As 1!1~ Ei 
.tfistory Special ~ew V.Qiumes Qiredories fCVV URL History 

J 
J 

I Register\ ..::.J 

Save e.s: 

jFAUSpot 

Files of Type: 

jER Mapper Raster Dataset (-ers) 

Info •. -

.QK 8Jlply 

Fig.3.7.4 

Comments .. , 

Cancel 

_:j 

I 

7. Repeat these steps for each image that you intend to use. 
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Altering The Image Algorithm 

1. You may discover that upon opening your image the display is very dark, with little 

contrast between your features, or is entirely black. This is a result of 'ERMapper' s' 

default assumption that your image has 256 Brightness Values ranging from 0 - 255. 

Oftentimes, this is not correct and you must reset the limits used by 'ERMapper' . 

3 aose I 
Edit .. , 
Umits .. , 
Ell 0 I 0 I 
~~E!l 
_gjol~l 
~ 

~ 
rss-

Help 

Fig.3.7.5 

2. Note that in the image above, an image window is displayed on the left and a window 

titled 'Transform' is displayed to its right; this window was opened by clicking on the 

'Transform Limits' button. I !AI 

3. Also note that within the 'Transform' window there is a histogram of the image 

displayed in the image window, and at the bottom of the window there is a short 
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string oftext that states that the 'limits' ofthe Brightness Values (0 - 239) and just 

above that is the are the current limits that ERMapper is using to display the image (0 

- 255). Clearly, this means that the current 'limits' are a little big by 16 brightness 

values. To correct this, click on the drop-down menu 'Limits' and choose the option 

'Limits to Actual' . 

Histog""" ~e: I De-Quantized ::OJ a ose I 
Ed~ •I 

~------ !Jm~ •II 
~IZliiZll 

'bJ 0
1°1 rJ[JiiJ 
~ 

Help 

Fig.3 .7.6 

4. Shown above are the results from the 'Limits to Actual' procedure. Note that the 

'Limits' used in the display are now the same as the 'Actual Input Limits' . For this 

particular example, the results are not immediately obvious, but this will correct 

instances where the image appears simply as a blank screen. 
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5. (The user should note that ifhe/she is using a multi-band image, these steps must be 

repeated for each band. To switch between bands in the 'Transform' window, simply 

select the 'R' 'G' and 'B' buttons respectively.) 

6. To further improve the contrast within the image, one may perform a simple 

histogram equalization. (NOTE: This will in no way alter the raw image, nor will it 

create a new output image that takes up storage space. Rather, 'ERMapper' creates an 

algorithm that enhances the manner in which the unmolested image is displayed upon 

the computer monitor.) To perform a histogram equalization, click on the 'Histogram 

Equalize' button. j IZJ I 

7. You will see that in the 'Transform' window that there are now 2 histograms; the first 

is opaque and is that ofthe raw image and is unchanged from the previous step, while 

the second is transparent and represents the image as it is now displayed on the 

screen. Clearly, the result ofthis process is quite dramatic. 

8. (The user should note that ifhe/she is using a multi-band image, these steps must be 

repeated for each band. To switch between bands in the 'Transform' window, simply 

select the 'R' ' G' and 'B' buttons respectively.) 
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~~ I rnn :.. lmm I!!!!I~EJ 

iJ aose I 
Edit •I 

~--1---- !"Jmits •H 
EIJ fZl I 01 

BB 
~ 

Help 

Fig.3 .7.7 

9. You may save this algorithm for future use ifyou so choose by selecting 'Save As' 

from the 'File' menu and changing the file type to '*.alg'. 

10. Close the 'Transform' window. 

11. Repeat these steps for each image that you intend to use. 

Employing the Geocoding Wizard 

1. Left click upon the 'Geocoding Wizard' button. I fill 

2. The 'Geocoding Wizard' window will open (see below). 
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3. Your first task is to define the image that you wish to register/rectify. With the ' Start' 

tab activated, click upon the 'Load Dataset or Algorithm' button, and navigate to your 

image algorithm when the 'Open File' window opens. (This will permit you to 

perform the registration/rectification process while viewing the imagery with the 

visual enhancements you made previously.) 

4. You must now set the 'Geocoding Type.' Select the 'Polynomial' radio button. 

('ERMapper' provides you with a total of seven Geocoding Options. However, these 

instructions cover the utilization of the option 'Polynomial' which is comparable to the 

rectification/registration processes previously discussed in this thesis.) 

~~· Geocodmg Wmud - Step 1 of !1 111!10013 

1) Start 12) Polynomial Setup 13) GCP Setup) 4) GCP EditJ5) Rectify I 

Fig.3 .7.8 

Geocoding Type ----------------",;;:;;,;~~~~~;;;;;;;;;;rr, 

I Triangulation 

r- Polynomial 

I Orthorectify using ground control points 

I Orthorectify using exterior orientation 

r Map to map reprojection 

I Known point registration 

I Rotation 

Use Polynomial rectification when you want to reduce distortions that affect your 
entire image (rather than just a locali sed portion of it). Thi s is often used to correct 
satellite images. It is less accurate than Orthorectifi cation. 

Save Close Cancel 

5. Now activate the 'Polynomial Setup' tab. 
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6. You are presented with three 'Polynomial Order' options: 'Linear', 'Quadratic' , and 

'Cubic'. These options define which method of 'Resampling' will be used to 

interpolate the brightness values of pixels in the output image with no value. With 

each successive order, a higher number of Ground Control Points (GCPs) are required 

(see the image below). This example will use 'Linear'. 

'~· Geucodmq Wlll.ud Step 2 of 5 l!!ll!l EJ 

1) StartJ2) Polynomial Setup 13) GCPSetupl4) GCP EditlS) Rectify I 

Fig.3.7.9 

Polynomial Order-----------------------, 

1- Linear 

r Quadratic 

r Cubic 

Polynomial order affects the fit of the rectification. Cubic gives the smoothest fit 
while linear provides a more simple or sharp fit. 

Linear requires at least 3 ground control points. 
Quadratic requires at least 6 ground control points. 
Cubic requires at least 1 0 ground control points. 

Save Oose Cancel 

7. Having selected your choice of 'Polynomial Order,' select the 'GCP Setup' tab. The 

Geocoding Wizard should now appear as below. 
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(~~ Geocodmg W1zard Step 3 of 5 I!III~Ei 

1) Startl2) Polynomial Setup j 3) GCP Setup 14) GCP Editl5) Rectify I 
GCP Picking Method -----------------------. 

P' Geocoded image. vectors or algorithm. 

S:\ jgam mack-clark\ Temp \ERMapper\Register\FAUspot.al g 

r Select GCP's from e. digitizer. 

Ground control points (GCP's) are identifiable features in the uncorrected image that 
have e. known coordinate location. GCP's can be entered from survey sheets, from 
images in e. compatible coordinate space or from paper maps using e. digitizer. 

Output Coordinate Space --------------------:-

Fig.3 .7.10 

To geodetic datum: WGSB4 

To geodetic projection: LOCAL 

To coordinate type: Eastings/Northings 

Change... I 

Save aose Cancel 

8. Under the 'GCP Picking Method' check 'Geocoded image, vectors or algorithm' . 

9. Click on the 'Open File' button. l f'~l 

10. Navigate to the image that you wish to register/rectifY your uncorrected image to. 

11. The 'Output Coordinate Space' will now display the datum, projection, and 

coordinate type ofthe ' corrected' image. 

12. Activate the 'GCP Edit ' tab. 

13. Five separate windows will now appear on your monitor: the 'Uncorrected GCP 

Zoom' window, the 'Uncorrected GCP' (OVERVIEW ROAM geolink) window, the 

'Corrected GCP Zoom' window, the 'Corrected GCP' (OVERVIEW ROAM geolink) 
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window, and the 'Geocoding Wizard' window. For now, we are only interested in the 

'Geocoding Wizard'. (See Fig.3.7.11) 

14. There should only be one 'record' or ' row' in the table within the 'Geocoding 

Wizard' and many of its cells should be empty (this represents the first GCP that you 

will create). Ifthere are multiple 'records,' this means that your image has been 

previously registered/rectified and you should use the 'Delete All GCPs' button to 

remove the pre-existing links. I[! I 

aose 

Fig.3.7.ll 

15. Minimize the 'Geocoding Wizard' window. 
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Displey--

r Gnd 

r Erroro 

P r.Hl 

17 Auto zoom 

r F\MBorder 

Cancel 



16. Activate the 'Uncorrected GCP (OVERVIEW ROAM geolink)' window. With the 

'Pointer Tool' [II select a clearly identifiable GCP in the OVERVIEW window 

(DO NOT 'ZOOM IN' IN THIS WINDOW). Within the 'Uncorrected GCP Zoom' 

window the image will now zoom to the location of the link that you just created in 

the OVERVIEW window and the link will be displayed as it is in the OVERVIEW 

window. (See image below.) Still utilizing the 'Pointer Tool', you may adjust the link 

within the 'Uncorrected GCP Zoom' window by clicking on the pixel where you want 

the link to be, and if need be you may use the 'zoom' tool to zoom in further. (Notice 

that as you move the link in the 'Zoom' window, the link is automatically moved in 

the 'OVERVIEW' window. This is the 'Geolink' feature of the 'OVERVIEW' 

window.) 

Fig.3.7.12 
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17. From your 'Windows' task bar, reactivate the 'Geocoding Wizard. ' Note that the 'X' 

and 'Y' coordinates ofthe first link of the 'Uncorrected' image are now displayed. 

\ ~· Geocodmg Wmud - Step 4 of 5 11!11~ £J 

1) StartJ2) Polynomial SetupJ3) GCP Setup l 4) GCP Edit js) RectifyJ 

~-------------------------------------------~~~ 
Save aose 

Fig.3.7.13 

18. Minimize the 'Geocoding Wizard' . 

Display---

r Grid 

r Errors 

1'1 x10 

P" Auto zoom 

r RtviS order 

Cancel 

19. Repeat step 16 for the 'Corrected GCP' (OVERVIEW ROAM geolink) window. 
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Fig.3.7.14 

20. Reactivate the 'Geocoding Wizard.' Note that the 'Easting' and 'Northing' 

coordinates of the first link of the 'Corrected' image are now displayed. 

'~" Gcocodmg Wi7md - S tep 4 of 5 ~~13 

1) StartJ2) Polynomial Setupj3) GCP Setup j 4) GCP Edit Js) Rectify I 
~_!l -t.l!i.JI.g.l ~ I~ 

~---~----------------~~ 
Save 1... Close 

Fig.3.7.15 
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Display--

r Grid 

r Errors 

P" x10 

P" Auto zoom 

r PJ•AS order 

Cancel 



Click in the ' cell' beneath the 'Edit' column and change the option to 'NO' . The links in 

your image windows will turn from white cross hairs to green. This prevents you from 

accidentally moving the link from its current position. You have now completed you first 

GCP. [}J 

21. To add an additional GCP you must select the 'Add New GCP' button 

in the 'Geocoding Wizard' window. A new record will appear in the window 

representing your second GCP. 

~~· Geocodmg W1zurd Step 4 of 5 11!!11~ ~ 

1) StartJ2) Polynomial SetupJ3) GCP Setup l 4) GCP Edit Is) RectifyJ 

Fig.3 .7.16 

22. Repeat steps 15 through 21 to create your second link. 
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Display--

r Grid 

r Errors 

P x10 

P' Auto zoom 

r RMSorder 



~V Geocodmg W1zord Step 'I of 5 111!1~13 

1) Stortl2) Polynomio.l SetupiJ) GCP SetupJ4) GCP Edit Is) Rectify! 

~·----------------------------------------------~~ 
Save Close 

Fig.3.7.17 

Fig.3.7.18 
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Display--

r Grid 

r Errors 

1'7 x10 

P Auto zoom 

r RMSorder 

Con eel 



23. Repeat steps 15 through 22 to add an additional2 links. (NB Attempt to place a GCP 

in all four comers ofyour image.) 

' ~· Geocodmq W1zmd Step 4 of !.. ~~ 13 

1) Sto.rtJ2) Polynomial SetupJ3) GCP Setup l 4) GCP Edit Js) RectifyJ 

Save Close 

Fig.3.7.19 

Display--

rGnd 

r Errors 

J07 X 10 

P" Auto zoom 

r RMS order 

Cancel 

24. Having completed four GCPs the RMS error of each individual link is displayed in 

the 'Geocoding Wizard' window. The RMS error uses the units of the image's pixel. 

You should generally aim for each link to have an RMS error of less than 1. (NB with 

a 30m-resolution image an RMS ofless than 1 would mean that the link is accurate to 

within 30m.) 
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Fig.3.7.20 

25. Now that ERMapper has calculated RMS errors, it may predict the placement of 

GCPs in the 'Uncorrected' image after you manually place GCPs in the corrected 

image. This can speed up the process of adding additional links. Click on the 'Add 

GCP' button on the 'Geocoding Wizard' window. 

26. Select a clearly identifiable GCP in the 'CORRECTED GCP OVERVIEW' window, 

if you need to, refine the position in the 'CORRECTED GCP ZOOM' window. As 

with all the GCPs that you have created thus fur, the link is displayed in both the 

'OVERVIEW' window and the 'ZOOM' window, and the Northing and Basting of 

the corrected image is entered in the 'Geocoding Wizard' window. 
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1) Startl2) Polynomial Setupl3) GCP Setup! 4) GCPEdit Is) Rectify I 

Fig.3.7.20 

Display--

rGrid 

r Errors 

F7 xl0 

P' Auto zoom 

r RMSorder 

Cancel 

27. In the ' Geocoding Wizard' window click on the 'Calculate Uncorrected Point' 

button. I~ I 
28. ER Mapper will predict the location of the ' from' GCP on the 'Uncorrected' image, 

plot it in the 'Uncorrected' image windows, and enter 'X' and 'Y' values ofthe 

'from' point in the 'Geocoding Wizard' window. 

1) Startl2) Polynomial Setupl3) GCPSetup! 4) GCP Edit Is) Red~~ 

Display--

rGnd 

r Errors 

Ji7 X 10 

F1 Auto zoom 

r RMSorder 

~·--------------------------------------------~~ 1--------~ 
Save Close Cancel 

Fig.3.7.21 
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Note that the RMS error of your fifth link is 0.00. This is because it was predicted by the 

computer and as such is not a 'true' GCP. You must check the position of the link in the 

'Uncorrected GCP Zoom' window to ensure the link is in its correct location 

Fig.3.7.23 

29. In the 'Geocoding Wizard' window, under the 'Edit' column change the option to 

'No'. 
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P • Geocodmq Wrzard - Step 4 of 5 I!!I~EJ 

1) Startl2) Polynomial Setupl3) GCP Setup l 4) GCP Edit Js) Rectify I 

Save aose 

Fig.3.7.24 

30. This completes your fifth GCP. 

Display--

rGrid 

r Errors 

P x10 

P' Auto zoom 

r RMSorder 

Cancel 

31. Repeat steps 23 through 28 to create the total number of GCPs that you require. 

32. Click ' Save' on the ' Geocoding Wizard' window. 

33. Select the 'RectifY' tab on the 'Geocoding Wizard' window. 
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r~• Geocodmg Wmud - Step 5 of 5 I!!I~Et 

1) Startl2) Polynomie:l Setup 13) GCP Setup 14) GCP Editl 5) Rectify l 
Output Info -----------------------. 

File: S:\ jg amm ack-cle.rk\ Temp \E RMappe r\Register\Rectified_FAUcampus.ers 

Size: 13.36 MB 

Unes: 1814 

Cells: 2575 Edit Extents ... 

Cell Attributes ------------------- ------; 

Cell size X: j3 2B67 Meters 

Cell sizeY: j3 2B67 

Resampling: Default Cell Size I 
17 Display rectified image • Save File and Start Rectification j 

Save Close Cancel 

Fig.3.7.25 

34. Click on the 'Open File' button and navigate to the directory that you wish to save 

your newly rectified/registered image to and specifY a unique output file name. Click 

'OK' . 

35. On the 'Geocoding Wizard' window click on the ' Save File and Start Rectification' 

button. I• Save File and Start Rectification I 

36. Click 'OK' when the Rectification/Registration process is complete. 

37. Close the 'Geocoding Wizard' window. 
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Viewing vour Results 

1. Your newly Rectified/Registered image should now be displayed on your monitor. To 

view how it compares to the image you rectified/registered it to, click the 'Edit 

Algorithm' button. 1• 11 
2. From the 'Edit' menu select 'Add New Surface' 

r ~· Algonthm 111!!1~ EJ 
View Mode: fi\formal····--······· ... - ....................................................... ~., , I r Feather 

L....-................................ _ .......... - .. --.. ·-·-·- ..... _...J-
Description:jNo Description 

~~~ ~~~~ ~~ 

Fig.3.7.26 

SurfaceJ Layer I 
Rectified_FAUcampus.ers 

~ ----+ j 81 :Red Layer 

r Smoothing I aose 

Edit ~ 

I 

"*' 

3. On the left hand side of the 'Algorithm' window, make sure your new 'surface' is 

active (see below). 
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4. Click on the 'Load Dataset' button in the 'Algorithm' window and navigate to the 

image that you rectified/registered your data to. 

n • Algnr~thm ~~ EJ 

View Mode: Normal 'f II r Feather r Smoothing I Close I 
Description: I No Description Edit 'f I 
~~ · ~ · ~ ~ ~~~ ~~ _!§!_]~~ ~ tlelp I 
EJ- [RGB] RGB 1 23 

6 Red Layer 

Green Layer 

Blue Layer 

Fig.3.7.27 

.... Surface I Layer J 

No Dataset 

5. Right click in the image window and from 'Quick Zoom' select 'Zoom to All 

Datasets' . The two images should now line up beautifully! 

Fig.3.7.28 
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Image to Image Registration/Rectification with ENVI 
Flow Chart 

Open your ' Base' & ' Warp 
Images. 

From the ENVI 'Main Menu ' select the 'Map' menu, then 'Registration ' 
and then ' Select GCPs: Image-to-Image' option. 

Within the ' Image-to-Image Registration ' dialog, highlight the display that contains 
your ' base' image on the left, and that ofyour 'warp ' image on the right. Click 'OK'. 

Fig.3.7.27 

Create your 1st link in the ' base' image by navigating to the location of 
your first GCP with your ' scroll ' and 'display' windows. 

Click on the location of your 151 

GCP in the ' zoom' window. 

Repeat the previous two steps in the 
'warp ' windows. 

In the 'GCP Selection' dialog, 
click on the 'Add Point' button. 
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If all RMS 
errors are 

acceptable. 

Repeat the previous 4 steps to create an 
additional 3 GCP links. 

From the 'GCP Selection' dialog, click 
' Show List' 

Ensure that all RMS Errors are acceptable. 

If all RMS 
errors are not acceptable, 
Highlight the bad GCP 
and click the 'Delete 

GCP' Button. 
Recreate 

In the 'GCP List' window, select 'Save Table to ASCII ' from the 
' File' menu. 

In the 'GCP Selection' dialog select 'Warp' file from the 
'Options' menu. 

In the ' Input Warp Image' window highlight the 
image that you wish to warp & click 'OK'. 

In the 'Registration Parameters ' window, select the warp 
method of your choice (RST, Polynomial, Triangulation). 
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Select the Resampling method of your choice 
(Nearest Neighbor, Bilinear, Cubic Convolution) 

Set the 'Output Result' 'To File' 
Radio Button 

Click the 'Choose' button & navigate to the directory of 
choice and provide a unique output filename. Click 'OK' . 
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Image to Image Registration/Rectification with ENVI 

1. From the 'ENVI' Main Window choose 'Open Data File' from the 'File' menu. 

2. Navigate to the image that you wish to register, and double-click on it to open. 

3. Ifthis is the first time that you have opened this image you will be asked to specify 

which projection/coordinate system this image is currently set at. 

4. A new window titled 'Available Bands List' will open. 

5. The image that you selected will be listed in the new window, and its bands will be 

detailed below. 

6. Select the 'Radio button' indicating whether or not you wish to display your image as 

'Gray Scale' or 'RGB'. 

II'· I l'it'F.IL . i. i l'llmil 

File Options 

· <new_faucampus2.tif> 
R 
G 
B 

r GrayS~ Jo' RGB Color 

r- R I 

r G I 

r s I 

joimsl 

I LoadRGB I No Display 
II 

Fig.3.8.1 

.=..J.gj~ 

II 
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11111 Avaolable Bands list 

File Options 

· <new_faucampus2.tif> 
R 
G 

r Gray Scale Jo' RGB Color 

r- R IR:new_faucii!Tlpus2.til 

r G IG:new_faucampus2.tif 

r B IB:new_faucampus2.til I 

I Dirnsl2573 x 1812 (Byte) [BIP] II 

LoadRGB I NoDisplay II 



7. You must now specifY which band you wish to assign to which color gun. With the 

red (R) color gun 'Radio button' highlighted select the band that you wish to be 

assigned from the list displayed above. Repeat for the green (G) and blue (B) color 

guns. 

8. Select the 'Load ROB/Load Band' button. 

9. Three windows will now open. The 'Display' will be the largest ofthe three windows 

and will display the image at a 1:1 resolution. The second of the three windows is the 

'Scroll' window and displays the entire image, overlaid on which is a small red box, 

which may be manipulated with your mouse, and identifies the area that will be 

displayed in the 'Display' window. The third window is the 'Zoom' window and 

displays a subset ofyour image at a default scale of a multiple offour (x4). A box 

within the 'display' window defines this area. Furthermore, the factor at which this 

image is displayed may be altered by clicking on the'+' and'-' symbols displayed 

in the lower left hand comer. 

Ill 



Filter Spectral Map Vector Topographic Radar Window 

- <new_faucampus2.tif> 
R 
G 

r Gray Scale l- RGB Color 

jR:new_faucampus2_tif 

jB : new_faucampus2. t~ 

II 

Fig.3 .8.2 

10. Repeat steps 1 - 7 to load your 'warp' image. 

11. In the 'Available Bands List' left click and hold down the button that says 'Display 

#1' and choose the option 'New Display'. Click 'Load RGB' to display the image 

that you wish to register your first image to in a new display window. 
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Fig.3 .8.3 

12. From the 'ENVI' Main Window select the 'Map' menu, then 'Registration' and then 

the 'Select GCPs: Image-to-Image' option. 

13. The 'Image-to-Image Registration' dialog appears. llllllmage to Image Registration 

Select displays containing images: 

on the left and that ofyour Warp Image on the right. 

~ Warp'l~e: 

c==J Display 112 

Highlight the Display that contains your Base Image 

Selected Item: Selected Item: 

jDisplay 112 II Display 111 Click 'OK'. 

Fig.3.8.4 
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14. The 'Ground Control Point Selection' 

dialog will now appear. It is through this 

window that you will control the rest of 

the registration/rectification process. One 

has the option of entering the 'X' and 'Y' 

coordinates of the common GCPs in both 

illl Ground Control Pornts Selection 

File Options I Help 

Basexl201.00 8Y';=I24:::2.=00==~a= I Dog~l' a I 
WarpXI225.00 8 YI 225.00 a 

Add Point I Number of Selected Points: 0 Predict I 
Show List I RMS Error: N/A 

Fig.3.8.5 

images via the keyboard in the window, or interactively with the mouse through each 

display window. 

15. To enter your GCPs interactively, navigate to the location of your GCP in your base 

image with your ' scroll' and 'display' windows and then click on the your desired 

GCP in the ' zoom' window. 

16. Repeat step 15 in the 'warp' image windows. 
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Fig.3 .8.6 

17. In the 'Ground Control Point Selection' dialog click on the 'Add Point' button. Click 

on the ' Show List' button. 

18. The 'GCP List ' permits the user to examine the 'X' and 'Y' coordinates ofboth the 

base and warp images, and the RMS error of each link. However, prior to the RMS 

being calculated, you must have the minimum number ofGCPs for the 'warping' 

method employed. The default 'warping' method employed is ' 1st Degree 

Polynomial' which requires you to create a minimum of 4 GCPs prior the RMS error 

being displayed. In the 'Ground Control Point Selection' dialog, click 'Hide List' . 
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llllllrnage to Image G(P L1st ~ 

File Options 

Fig.3 .8.7 

19. Note that having completed the first GCP, the link is displayed as a red cross hair in 

both display windows, with an ID number adjacent to it. 

20. Repeat steps 15-18 to add at least a further 3 GCPs. Upon completion, refer to the 

'GCP List' and ensure that each GCP has an acceptable RMS error. If any link is 

unacceptably high, highlight and delete that link, and create a replacement link if 

necessary. 
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Fig.3 .8.8 

21. In the 'GCP List ' window, select 'Save Table to ASCII .. . ' from the 'File' menu. 

Navigate to the file location ofyour choice, name your file and click 'Save' . This will 

enable you to save the links that you have created to this point, preventing you from 

potentially losing your work. 

22. In the 'Ground Control Point Selection' dialog select 'Warp File' from the 'Options' 

menu. 
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23. The 'Input Warp Image' window will open. Re-confirm the image that you wish to 

warp by highlighting it and clicking 'OK'. 

Select lllJUl Fie: File lnlonnalion: 

._FAiuiisiJlPOITii. T iiiiF······~~ File: S:\jgarrrnack-clarl<.\Temp\ENVI\new_fa 
~ Dims: 2573 x 1812 x 3 [BIP) 

Size: )Byte)13.992.633 bjlles. 
File Type : TIFF 
Sensor T ~e: Unknown 
Byte Order : Host [Intel) 
Projection : UTM, Zone 17 North 
Datt.rn : North Am"'ica 1983 
X Pixel : 1.0000J Meters 
Y Pi>lel : 1.0000J Meters 

L----------'!1 'Wavelength : None 
Upper Lelt Corner: 1.1 
Description: Geo TIFF File Imported 

S~iat Sl.bset IIFuA Scene 

I Spectral Sl.bset 113/3 Bands II 

~~ Cancel Ill OpenlmageFie I OpenSpectrallli~ Ill Previous II 

Fig.3.8.9 

24. The 'Registration Parameters' window will now open. Select the 'Warp' method of 

your choice (RST, Polynomial, Triangulation) from the drop down window. 

25. Select the 'Resampling' method of your choice (Nearest Neighbor, Bilinear, Cubic 

Convolution) from the drop down menu. 

26. Select the 'Output Result' 'To File' radio 

button 

27. Click the 'Choose' button and navigate to the 

directory of choice and provide a unique output 

file name. Click 'OK'. 

28. ENVI will now warp your image. This may 

take a few minutes. 

ll8 

1111 Reg1strat1on Parameter-s 

RST Warp Method -----...J 
Resampling Nearest Neighbor ____ ;;,.__...J 

Background.__l0_00_0 _ __, 

Registration Output Image: 

Upper Left Corner : (493,3320] 
Image Size (Pixelst. 4231 x 2977 

Change Output Parameters 

Output Result to li" File r Memory 

Enter 0 utput F~enarne Choose I 
15:\jgammack-clark\ T emp\ENVI\ Temp_2 

~~ Queue I Cancelli 

Fig.3.8.10 



29. Upon completion, the new data file will be in the 'Available Bands List'. 

30. Load your new file in a new display. 

31. Activate the display containing your base image. From the 'File' menu choose the 

option 'Link' and then the option 'Link Display'. The 'Link Displays' dialog will 

open. 

Display 111 ~.!!I 

Display 112EJ..!!I Link xolfc=Jyonc=J 

Display 113EJ..!!I Link xolf~yolf~ 

Link Size I Position Display 112 I 
Dynamic Overlay~..!!lopac~y [0-100%)~ 

Fig.3.8.11 

32. For 'Display #1' (which should be your warp image) change the option to 'No', and 

ensure that for 'Display #2' and 'Display #3' are both set at 'Yes'. 

33. Ensure that the 'Dynamic Overlay' is set to 'On'. Click 'OK'. 

34. Within the base image display, left-click once and the warp image will 'flash' in front 

of the base image. This will permit you to quickly evaluate the results of you 

registration/rectification. 

35. This completes the registration/rectification process. 
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Data Analysis 
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The Fruits of Labor: Products of each Software 

The reader is reminded that each software package produced multiple iterations of 

rectified imagery, based upon the capabilities of each. For example, Arclnfo 8.1 

possesses only the ability to create a 151 order transformation. This product was created 

employing the minimum number ofGCPs required for this procedure, 4. (See 'Accuracy 

Assessment' for more information.) In addition, a 'USGS comparable' product was 

created, in this and all packages, utilizing 9 GCPs in a predefined pattern specified by the 

USGS (see fig. 2.1.1 ). Therefore, in what follows, the reader will view the results from a 

minimum of 2 products per software package. Labels in tables and figures have been 

shortened in the interest of space. As such software packages such as 'Arclnfo 8.1 ' have 

been stripped oftheir version number and read simply 'Arclnfo'. Similarly, 'Arc View's 

Image Analysis' will read merely 'Image Analysis'. In the same vain, the specific 

transformation order employed for each product is represented by 'TO' followed by the 

appropriate number (e.g. Arclnfo TOl). 

Positional Accuracy 

Having created 22 separate georectified products, the error of each computed 

GCP was measured with the aid ofthe ArcView extension 'X-Tools'. These results were 

exported to Microsoft Excel where they were analyzed. The following are the products of 

that analysis. Prior to the discussion of these results, however, recall the National Map 

Accuracy Standards that the USGS' DOQQs are held to, "90 percent ofthe well-defined 

points tested must fall within ..... . 33.3 feet (1/30 inch) at the 1:12,000 scale." (USGS 

DOQ Background http://edcwww.cr.usgs.gov/glis/hyper/guide/usgs dog April27, 2001). 
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Given this, the following tables will display both the mean error for each software 

product, and the mean error less the worst 10%. (The complete tables, listing the error for 

each GCP by product, may be found in Appendix B.) This will permit an accurate 

comparison to the industry standard DOQQ. 

'USGS Comparable' Products 

Prior to interpreting the results, the reader should be reminded that while all software 

packages created 'USGS comparable' products, through necessity, these images were 

created with 2nd order transformations where available, and 1st order transformations 

where 2nd order transformations were not available. This is liable to impact the precision 

of each product, and must be taken into consideration. The transformation order of each 

'USGS comparable' product is listed below: 

Arc View Image Analysis - USGS (2nd order) 

GeoMedia Pro - USGS (1st order) 

Arcinfo 8.1 - USGS (lSI order) 

ERMapper - USGS (2"d order) 

Idrisi - USGS (2"d order) 

ENVI- USGS (lSI order) 
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Comparison by Software 

Arclnfo Arclnfo 

GCP T01 USGS 
LENGTH LENGTH 

(Ft) (Ft) 

Sum 1163.14E 1132.052 

Sum (less Worst 10%) 1091.901 1083.360 

Mean 38.772 37.735 

Mean (less Worst 10o/c,) 40.441 40.124 

Table 4.1.1. The products of Arclnfo 
8.1 

Let us first examine the products of each 

software package independently. One would expect 

that, with all other variables being constant, the 

accuracy of each product will increase (the error will 

decrease) as the transformation order increases. 

Observing table 4.1.1 we find that the products of Arclnfo 8.1 do indeed produce a 

product of improved accuracy with increased complexity. Though this improvement is 

only marginal, we must recall that Arclnfo 8.1 will only employ a 1st order 

transformation. The small improvement we do see, therefore, must be attributed to an 

improvement ofthe transformation coefficients through the additional 5 GCPs specified 

by the USGS pattern. 

Table 4.1.2, on the other hand, 

denotes that the products of Arc View's 

Image Analysis deviate, if only slightly, 

from the prior assumption. Specifically, the 

Image Image Image 
Analysis Analysis Analysis 

GCP T01 T02 USGS 
LENGTH LENGTH LENGTH 

(Ft) (Ft) (Ft) 
Sum 1167.901 1182.499 1128.663 
Sum (less Worst 10%) 824.080 820.911 770.926 

Mean 38.930 39.417 37.622 
Mean (less Worst 10%) 30.521 30.404 28.553 

Table 4.1.2. The products of Arc View Image 
Analysis. Those error values that do not conform 
to expectations are highlighted in yellow. 

mean error of the 2"d order transformation displays a slight increase in error. The fact that 

the 'mean error less the worst 10%' does not fall in line with what one would expect 

suggests an outlier that disrupts the otherwise anticipated results. 

GeoMedia GeoMedia 

GCP Pro T01 Pro USGS 
LENGTH LENGTH 

(Ft) (Ft) 
Sum 1167.255 1117.709 
Sum.{less Worst 10%) 820.670 761.161 

Mean 38.908 37.257 
Mean (less Worst 10%) 30.395 28.191 

Table 4.1.3. The products of GeoMedia 
Pro 

Table 4.1.3 represents the last of the three 

GIS software packages, GeoMedia Pro. Like 

Arclnfo 8.1 , GeoMedia Pro permits only the use of 

a 1st order transformation. As such, we have only 
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two products to analyze from this software. These products do not differ from anticipated 

results in that error does decrease with increased transformation complexity. 

The first ofthe digital image analysis packages, Idrisi, is portrayed in Table 4.1.4. 

The reader may recall that ldrisi is capable ldrisi ldrisl 

GCP T01 T02 
LENGTH LENGTH 

(Ft) (ft) 
Sum 1179.660 2886.131 

of creating a 3rd order transformation that is 

Sum (less Worst 10%) 1108.420 2518.21S 
not reported here. This is because when 

Mean 39.322 96.204 
Mean (less Worst 10%) 41 .0539 93.261 

attempting to create said product, the 
Table 4.1.4. The products of Idrisi 3.2 

distortion of the produced image was so great that the product was thrown out. 

Examining the remaining products, we see a great increase in error in the 2nd order 

ldrisi 
USGS 

LENGTH 
(Ft) 

1029.26€ 
998.581 

34.300 
36.984 

transformation, and a dramatic reduction in error with the addition of only 3 GCPs for the 

'USGS comparable' product. 

The products ofERMapper are presented in Table 4.1.5. ERMapper permits the 

creation of four products, yet six are displayed here. In addition to the 'USGS 

comparable' product created in all the packages, one product, triangulation, is 

represented twice. 

ERMapper ERMapper ERMapper ERMapper ERMapper ERMapper 
TRI 

GCP 
T01 T02 USGS T03 TRI (ENVI's LENGTH LENGTH LENGTH LENGTH LENGTH 
(Ft) (Ft) (Ft) (Ft) (Ft) Output) 

{Ft) 
Sum 1164.034 1109.230 1057.990 1338.180 470.369 211.902 
Sum (less Worst 10%) 1088.624 1027.958 1023.447 1304.657 419.145 144.035 

Mean 38.801 36.974 35.266 44.606 15.679 11 .153 
Mean (less Worst 10%) 40.319 38.073 37.905 48.321 15.524 8.47:1 

Table 4.1.5 . The products ofERMapper 

This is because the other software package that creates a triangulation product, ENVI, 

clips all imagery that falls outside the circumcircle of the GCPs used in the rectification 

procedure. (ERMapper, on the other hand, provides the option to rectify this same region 

through the employment of a 1st order transformation.) This had the effect of eliminating 
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eleven of the GCPs that would have otherwise been used to calculate error. As such, to 

perform an accurate comparison between the two products, two sets of error were 

analyzed for this ERMapper product: one included the error for all GCPs, while the other 

eliminated the GCPs excluded by the ENVI product. The products ofERMapper appear 

to all conform to the prior assumption, with the exception of the 3rd order transformation 

which exhibits an increase in error. The triangulation products exhibit the greatest 

precision witnessed thus far, especially the 'ENVI comparable' product, which would 

suggest that distortion around the edge of the rectified image is greater than at the center 

of the image. 

Our sixth and final software package, ENVI, is represented in Table 4.1.6. 

However, we must first recall that ENVI employs a different formula from the rest of the 

software packages for defining the minimum number of GCPs that must be utilized in a 

given transformation (see Table. 3.1.2). Also recall that it was decided that rather than 

simply increase the number of GCPs utilized for the various transformations of the ENVI 

products and risk possibly biasing the results, the same number of GCPs would be 

utilized for each product and the actual transformation order employed would be noted. 

Said notation is as follows: 

ENVJ TO 1 - 151 order transformation, 4 GCPs employed 

ENVI T02 - l st order transformation, 6 GCPs employed 

ENVI USGS - 151 order transformation, 9 GCPs employed 

ENVl T03 - 2nd order transformation, 10 GCPs employed 

ENVI T04 - 2nd order transformation, 15 GCPs employed 

ENVI T05 - 3rd order transformation, 21 GCPs employed 

ENVI TRI - Trianguation transformation, 21 GCPs employed 
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Nevertheless, the assumption of above should still hold true for the various ENVI 

products. 

ENVIT01 ENVI T02 ENVI ENVI T03 ENVI T04 ENVI TOS ENVI TRI 
GCP LENGTH LENGTH USGS LENGTH LENGTH LENGTH LENGTH LENGTH (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

Sum 1170.265 1174.877 1161 .170 927.030 1063.863 1614.327 253.334 
Sum (less Worst 10%) 1095.905 1121.311 1107.903 718.223 966.040 1588.494 171 .273 

Mean 39.009 39.163 38.7067 30.901 35.462 53.811 13.333 
Mean (less Worst 10%) 40.589 41 .530 41 .033 26.601 35.779 58.833 10.075 

Table 4.1.6. The products ofENVJ 

However, this is not the case as we first witness a slight increase in error for ENVI T02 

followed by a second increase in ENVI T04 and a dramatic increase for ENVI TOS. This 

is a highly surprising result as, naturally, a project manager would only consider 

investing the additional time to create a higher order transformation product if the 

positional accuracy of the final product is superior. The triangulation product, 

meanwhile, possesses excellent accuracy with a very low mean error. 
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Comparison by Transformation 

'That's all well and good,' the reader might profess, 'but which product is the 

best?' To answer that question, let us rank the data by transfonnation order. 

products from most 

GeoMedia Image ERMapper Arclnfo ENVI ldrisi 
Pro T01 Analysis T01 T01 T01 T0 1 

GCP LENGTH T01 LENGTH LENGTH LENGTH LENGTH 
LENGTH (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

Table 4.1. 7 ranks 

Sum 1167.255 1167.907 1164.034 1163.145 1170.265 1179.660 
accurate to least, Sum (less Worst 10%) 820.670 824.080 1088.624 1091.901 1095.905 1108.420 

Mean 38.909 38.930 38.801 38.772 39.009 39.322 
Mean (less Worst 10%) 30.395 30.521 40.319 40.441 40.589 41.05:3 from left to right (as 

Table 4.1.7 
do the rest of the 

tables in the section). GeoMedia Pro is determined as the 'most accurate software' for 1st 

order transfonnation products, with Arc View' s Image Analysis very close behind at a 

near negligible difference in distance. ERMapper, Arclnfo 8.1 and ENVI follow, with the 

difference between those three being also near negligible. The least accurate software for 

151 order transfonnation products was Idrisi. 

Image ERMapper ENVI ldrlsl 
Analysis T02 T02 T02 

GCP T02 LENGTH LENGTH LENGTH LENGTH 
(Ft) (Ft) (Ft) (Ft) 

Table 4.1.8 represents the 

ranked 2"d order transformation 

Sum 1182.499 1109.230 1174.877 2886.131 
Sum (less Worst 10%) 820.911 1027.958 1121 .311 2518.218 products. The differences here are 

Mean 39.417 36.974 39.163 96.204 
Mean (less Worst 10%) 30.404 38.073 41 .530 93.26 

great enough to be considered non-

Table 4.1.8 
debatable, with Arc View' s Image 

Analysis the most accurate product in this category, and ldrisi again ranking last, this 

time, though, at a greater degree of distortion than the rest. 

The products that were warped to the specifications of the USGS are represented 

by Table 4.1.9. Recall that some packages were capable of creating the USGS products 

with 2"d order transformations, and some with only 151 order transfonnations (see ' USGS 

127 



GeoMedia Pro 

GeoMedia 
Image 

ldrisi ERMapper Arclnfo ENVI 
Pro USGS Analysis 

USGS USGS USGS USGS GCP 
LENGTH USGS 

LENGTH LENGTH LENGTH LENGTH LENGTH (Ft) 
(Ft) 

(Ft) (Ft) (Ft) (Ft) 

Products'). Again, 

Sum 1117.709 1128.663 1029.268 1057.990 1132.05 1161 .17( 
Sum (less Worst 10%) 761 .161 770.926 998.581 1023.447 1083.360 1107.90 proves to be the 

Mean 37.257 37.622 34.309 35.266 37.735 38.70€ 
Mean (less Worst 10%) 28.191 28.553 36.984 37.905 40.124 41.03 

most accurate of all 

the products in this 
Table4.1 .9 

class, with Arc View Image Analysis very close behind. Idrisi is the third most accurate 

software package, followed by ERMapper, Arclnfo 8.1 , and ENVI as the least accurate 

package. We would expect that the 2nd order products be more accurate than the 151
, and 

this is true with the exception ofGeoMedia Pro ' s product. 

ENVI ERMapper 

GCP T03 T03 
LENGTH LENGTH 

Only ENVI and ERMapper produced 3 rd 

(Ft) (Ft) order transformations, represented here in Table 
Sum 927.030 1338.180 
Sum (less Worst 10%) 718.223 1304.657 

4.1.1 0. ENVI is by far and away the more accurate of 
Mean 30.901 44.606 
Mean (less Worst 10%) 26.601 48.321 

Table 4.1. I 0 
these two products, but we must again remember that 

this is actually the product of a 2nd order transformation. Nevertheless, the accuracy of 

this product is very good, while that of the ERMapper product is quite poor. This would 

seem to suggest that while one may use only the minimum number of GCPs for the lower 

order transformations, one must use significantly greater numbers of GCPs than the 

minimum for the higher order transformations. (It would be of great assistance to the 

project manager if the software companies were to produce instructions indicating the 

minimum number of GCPs required to produce high accuracy products at each 

transformation order, rather than simply the minimum number of GCPs required for the 

pro gram to run.) 
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Table 4.1.11 denotes the only package, ENVI, to produce transformations higher 

ENVI ENVI 

GCP T04 TOS 
LENGTH LENGTH 

than the 3rd order. In actuality, of course, these are 

(ft) (ft) 

Sum 1063.863 1614.327 
2nd and 3rd order transformations, respectively. 

While ENVI T05 might seem to support my earlier 
Sum_iless Worst 10%.) 966.040 1588.494 

Mean 35.462 53.811 
Mean (less Worst 10%) 35.779 58.83::! 

speculation that higher order transformations require 
Table 4.1.11 

significantly greater numbers of GCPs to functionproperly, ENVI T04 would seem to 

dispute such a claim. ENVI T03, like ENVI T04, is a 2nd order transformation, which 

utilized 5 fewer GCPs, and recorded a lower mean error. 

ERMapper 
ENVI ERMapper 

TRI 
GCP (ENVI's TRI TRI 

LENGTH LENGTH Output) (Ft) (Ft) (Ft) 

Finally, we come to the 

triangulation products, seen here in Table 

Sum 211 .902 253.334 470.369 
Sum (less Worst 10%) 144.035 171 .273 419.145 4.1.12. These are by far the most accurate 

Mean 11 .153 13.333 15.679 
Mean(less Worst 10%) 8.473 10.075 15.524 of all the products. The 'ENVI comparable' 

Table 4.1 .12 
ERMapper product is the most accurate of 

this class, followed by ENVI's. ERMapper's product that includes all the GCPs included 

in its error calculation is the least accurate ofthis class. 
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Comparison by Product 

For the reader that is only interested in the bottom line, let us examine each 

product ranked from most accurate to least. Observe Table 4.1.13. Immediately obvious 

is the most accurate product, the 'ENVI comparable' ERMapper triangulation product, 

and the least accurate product, Idrisi's 2"d order transformation. The triangulation 

transformation also clearly dominates the other procedures in terms of accuracy, yet other 

procedures fall in a seemingly haphazard pattern in terms accuracy. The same can also be 

said for the various software packages, although both GeoMedia Pro and Arc View Image 

Analysis certainly perform well in comparison to the other packages. 

ERMapper 
ENVI ERMapper ENVI GeoMedia Image 

GeoMedia Image 
TRI 

TRI TRI T03 Pro USGS Analysis ProT01 Analysis 
GCP (ENVI's LENGTH LENGTH LENGTH LENGTH USGS LENGTH T02 

Output) 
(Ft) (Ft) (Ft) (Ft) LENGTH 

(Ft) 
LENGTH 

(Ft) (Ft) (Ft) 
Sum 211.902 253.334 470.369 927.030 1117.709 1128.663 1167.255 1182.499 
Sum (less Worst 10%) 144.035 171.273 419.145 718.223 761.161 770.926 820.670 820.911 

Mean 11.153 13.333 15.679 30.901 37.257 37.622 38.909 39.417 
Mean (less Worst 10%) 8.473 10.075 15.524 26.601 28.191 28.553 30.395 30.404 

Image 
ENVI ldrisi ERMapper ERMapper Arclnfo Arclnfo ENVI Analysis T04 USGS USGS T02 USGS T01 USGS GCP T01 

LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH 
1Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

Sum 1167.907 1063.863 1029.268 1057.99C 1109.230 1132.052 1163.145 1161 .170 
Sum (less Worst 10%) 824.080 966.040 998.581 1023.44/ 1027.958 1083.360 1091.901 1107.903 

Mean 38.930 35.462 34.309 35.26€ 36.974 37.735 38.772 38.706 
Mean (less Worst 10%) 30.521 35.779 36.984 37.9Q!: 38.073 40.124 40.441 41.03'l 

ERMapper ENVI ENVI ldrisi ERMapper ENVI ldrisi 

GCP T01 T02 T01 T01 T03 TOS T02 
LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH 

_tFtl (ft) (ft) _(Ft) (Ft) _{Ft} (Ft) 
Sum 1164.034 1174.877 1170.265 1179.660 1338.180 1614.327 2886.131 
Sum (less Worst 10%) 1088.624 1121 .311 1095.905 1108.420 1304.657 1588.494 2518.218 

Mean 38.801 39.163 39.009 39.322 44.606 53.811 96.204 
Mean (less Worst 10%) 40.319 41.530 40.589 41 .053 48.321 58.833 93.267 

Table 4. 1.13 

In an attempt to gleam further information from this table, let us examine it graphically. 
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Examining Fig 4.1.1, Mean Error (less worst 10%), four observations are 

particularly apparent. The first, we have already discussed, specifically that the 

triangulation products are far superior to the alternate products. Second, only a handful of 

products mean error meet the NMAS standards that stipulate "90 percent of the well-

defined points tested must fall within ...... 33.3 feet (1/30 inch) at the 1:12,000 scale." 

(USGS DOQ Background http://edcwww.cr.usgs.gov/glis/hyper/guide/usgs dog April 

27, 2001). This group includes the three triangulation products, ENVI's 3rd order product 

(2nd order transformation, with 1 0 GCPs employed) GeoMedia Pro ' s USGS product ( 1 51 

order), Arc View Image Analysis' USGS product (2nd order), GeoMedia Pro' s 151 order 

product, ArcView Image Analysis ' 2nd order product, and Arc View Image Analysis' 1st 

order product. It is possible to then recognize a third grouping of products, as the mean 

error values jump to the mid thirties and plateau with a gentle incline to the very low 

forties. This group comprises the bulk of the software products. The last group 

demonstrates a steep rise in mean error and is composed ofERMapper's 3rd order 

product, ENVI's 51
h order product, and Idrisi' s 2nd order product. In essence, this has 

served to categorize the products under study as ' the best, the worst, and the rest. ' 

However, measuring the mean error less the worst 10% does not adequately satisfy the 

specifications set by NMAS. 

To truly compare these products to the industry standard USGS DOQQ we must 

examine the highest single GCP error of each product less the worst 10%. Table 4.1.14 

clearly illustrates that none of the products meet the NMAS standards for the industry 

standard. This justifies the need for the orthorectification process, utilized by the USGS, 

for the production of high accuracy imagery. The best product is again the 'ENVI 
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comparable' ERMapper triangulation product, with a high error of39.012 feet, followed 

by the other triangulation products. While there is no change in the top four products, 

ArcView Image Analysis and GeoMedia Pro' s products do not fair nearly as well in this 

category, ' falling back to the middle of the pack' . (See figure 4.1.2.) They are replaced in 

the rankings by ENVI's 4th order product (actually a 2"d order transformation, employing 

15 GCPs), and a third clustering ofldrisi' s USGS product, and ERMapper's USGS and 

ERMapper 
ENVI ERMapper ENVI ENVI ldrisi ERMapper ERMapper 

TRI 
TRI TRI T03 T04 USGS USGS T02 

Software (ENVI's 
LENGTH LENGTH ~NGTH LENGTH LENGTH LENGTH LENGTH 

Output) 
(Ft) 

(Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

Highest 
Error 

39.012 43.057 46.328 46.896 47.340 56.913 57.117 58.520 
(less 
10%) 

Image 
Arclnfo 

GeoMedia Image 
ENVI ENVI 

Image 
ldrisi 

Analysis 
USGS 

Pro Analysis USGS T02 
Analysis 

T01 
Software T02 ENGTH USGS USGS 

LENGTH LENGTH 
T01 

LENGTH 
LENGTH LENGTH LENGTH LENGTH 

{Ft} 
(Ft) 

(Ft} (Ft) (Ft) (Ft) (Ft) (Ft) 

Highest 
Error 

61 .701 62.577 62.743 64.038 64.142 70.028 76.102 77.181 
(less 
10%) 

GeoMedia 
ENVI ERMapper Arclnfo ERMapper ENVI ldrisi 

Software ProT01 
T01 T01 T01 T03 T05 T02 

LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH 
LENGTH (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

Highest 
Error 

78.110 78.656 78.773 78.850 89.140 96.818 190.688 
(less 
10%) 

Table 4.1.14 

2"d order products. This suggests that these products possess less variance in their error 

values than the GeoMedia Pro and Arc View Image Analysis products. To confirm this, 

we must perform a ANOVA analysis. 

133 



w
 
~
 

H
ig

he
st

 E
rr

or
 (

le
ss

 w
or

st
 1

 0%
) 

25
0.

00
0 

i 
'' 

. 

" 
: 

r 
20

0
.0

00
 

e: 
15

0.
00

0 

I 

I 
)
~
 ~
 

.... e .... w
 

10
0.

00
0 

!-
A

-
... 

50
.0

00
 

,....
. 

.-
_.

_ 
- n

 NM
A

S
 S

pe
ci

fie
d 

33
.3

ft 

0.
00

0 

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 

/
~
~
~
~
#
~
~
~
~
f
f
~
~
~
~
f
f
~
f
f
~
~
~
~
~
 

o
i
f
i
f
i
f
i
f
i
f
i
f
i
f
i
f
i
f
~
i
f
i
f
i
f
i
f
~
i
f
~
i
f
i
f
i
f
i
f
i
f
 

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 

#
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 

:-. ~
 

,s-
Ef

 
,s-

,s-
~
 

.s 
J 

"-'~~
 

"
V

 
-v 

~g
 

.s 
,s-

"-'~~
 

0i?
J. 

<.0
 

,s-
J 

r.._
Q 

J 
,s-

iii 
~~
 
i
f
 #

q 
i
f
 
i
f
 

-o0
iit 

R-1
 -..

_~ 
;to'

~~ 
~o

 ~
<-o

 
~'1:

1 
~..s

-. 
if

 
;to'

~~ 
,~
 
~~

~ 
if

-.
._~q

 
~r

f-
# 

~~
 

,c~
 

Ef
 

~
~
 

~ 
~
~
 
~
~

-
'f'

 
~c
. 

~~
 

;f'
 
~
 

'f'
 

~'
"-
w 

~~
-

~
~

-
~
~
 

~~
 
~
 

'])-c
: 

~((
}" 
0~

(C' 
'])-

C¢
0 

#
'"

 
~
 

~
 

$ 
~
 
#
~
 

~
 

0 
~
 

P
ro

du
ct

 

F
ig

. 4
.1

.2
 



Comparison by Variance: ANOVA 

Product Mean N 
Std. 

Deviation 

The first offive ANOVA models analyzed 

ERMapper TRI 15.679 30.00 23.834 the error of all available data. The F statistic for 
ENVITRI 13.333 19.00 24.880 

ENVIT04 35.462 30.00 33.498 

Arclnfo USGS 37.735 30.00 33.701 
this procedure was 3. 287. With 648 combined 

GeoMedia USGS 37.257 30.00 33.938 

Image Analysis USGS 37.622 30.00 34.039 
degrees of freedom (df), 21dfbetween groups and 

ldrisi USGS 34.309 30.00 34.512 

Image Analysis T02 39.417 30.00 34.604 627dfwithin groups, and using a confidence of 

ENVIUSGS 38.706 30.00 34.814 

ENVIT02 39.163 30.00 34.834 95%, as is the convention, one would expect a 
ERMapper T01 38.801 30.00 34.956 

Image Analysis T01 38.930 30.00 34.964 minimum F statistic of 1.57. Therefore, we may 
ENVIT01 39.009 30.00 35.030 

ldrisi T01 39.322 30.00 35.037 state that the null hypothesis that the means of the 
ERMapper T02 36.974 30.00 35.042 

ERMapper USGS 35.266 30.00 35.100 errors generated by each of the software packages 
GeoMedia T01 38.909 30.00 35.172 

ArclnfoT01 38.772 30.00 35.257 

ENVIT03 30.901 30.00 37.287 
is statistically equal, is rejected. In other words, the 

ERMapper T03 44.606 30.00 43.883 

ldrisi T02 96.204 30.00 71.751 
variances between the multiple products are 

ENVIT05 53.811 30.00 120.907 

Total 39.536 649.00 46.357 
statistically valid, and not simply random. Table 

Table 4.1.15 4.1.15 ranks each product from the least standard 

deviation, to the greatest. This is illustrated in Fig. 4.1.3, where it quickly becomes 

evident that the products may once again be classed as ' the best, the worst, and the rest. ' 

Yet again, we witness the triangulation products ranking at the top. What is of particular 

interest, however, is that the ERMapper product has a lower standard deviation than the 

ENVI product. One would expect the opposite result as ENVI excludes 11 GCPs from its 

edge, typically an area of higher distortion, which should reduce the variance in error. 

The ENVI 4th order product (actually a 2"d order transformation, employing 15 GCPs) 

again performs well. A cluster of USGS products follows this, which may suggest that 

the spatial pattern of the GCPs employed in the rectification procedure has a huge impact 
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upon the variance of error, essentially spreading the error evenly across the product. 

Categorized in 'the worst ' class are ERMapper's 3rd order, Idrisi's 2"d order, and ENVI's 

5th order products. Through speculation alone (though educated speculation) it may be 

fair to hypothesize that the high variance exhibited in these products is the result of an 

insufficient number of GCPs utilized in their creation. 

Table 4 .1.16 and Fig 4 .1. 4 represent the Product Mean N Std. 
Deviation 

second ANOVA model that was run. The F statistic 
ERMapper TRI 11.153 19 17.617 

ENVITRI 13.333 19 24.880 

ENVIT04 35.462 30 33.498 
that was produced equaled 3.215, which, again, was Arclnfo USGS 37.735 30 33.701 

GeoMedia USGS 37.257 30 33.938 

higher than the critical F value. This means that the Image Analysis USGS 37.622 30 34.039 

ldrisi USGS 34.309 30 34.512 

variances amongst the software packages are Image Analysis T02 39.417 30 34.604 

ENVI USGS 38.706 30 34.814 

statistically valid and that the null hypothesis may ENVIT02 39.163 30 34.834 

ERMapper T01 38.801 30 34.956 

be rejected. The only change in this model from the Image Analysis T0 1 38.930 30 34.964 

ENVIT01 39.009 30 35.030 

previous model is that the GCPs that were excluded ldrisi T01 39.322 30 35.037 

ERMapper T02 36.974 30 35.042 

from ENVI's triangulation product, were subtracted 
ERMapper USGS 35.266 30 35.100 

GeoMedia T01 38.909 30 35.172 

ArclnfoT01 38.772 30 35.257 
from the ERMapper triangulation product to enable ENVIT03 30.901 30 37.287 

ERMapper T03 44.606 30 43.883 
a fair comparison between the two. The result of ldrisi T02 96.204 30 71 .751 

ENVIT05 53.811 30 120.907 

this was that the standard deviation of the Total 39.813 638 46.542 

Table 4.1.16 
ERMapper triangulation product was greatly 

reduced. This supports the expected result that was not seen in the first model, 

specifically that by 'clipping' the edge of an image the standard deviation of a product is 

reduced, in effect biasing the result. This means that the ENVI triangulation model was 

indeed biased in the first model, but even with that advantage simply did not outperform 

the ERMapper 
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product in terms of variance in error. Having confirmed that such bias exists, let us 

examine the effects of removing the GCPs excluded by ENVI's triangulation product 

from the remaining products. 

This was achieved by running a third model Product Mean N 
Std. 

Deviation 

represented in Table 4.1.17 and Fig 4.1.5. This 
ERMapper TRI 11.15 19 17.62 

ENVIT05 31.06 19 24.34 

ENVITRI 13.33 19 24.88 
model produced an F statistic that equaled 5.114. GeoMedia USGS 39.36 19 34.00 

Image Analysis T01 48.28 19 34.07 

Which greatly exceeds the critical F value of 1.57. ERMapper T01 47.73 19 34.18 

ldrisi T01 48.92 19 34.20 

Again this supports rejection of the null hypothesis ArclnfoT01 47.93 19 34.21 

ENVI T01 47.82 19 34.22 

that the means of the software packages are equal. Arclnfo USGS 38.91 19 34.24 

Image Analysis USGS 39.10 19 34.24 

The most glaring result from this analysis is the GeoMedia T01 47.90 19 34.46 

ENVIUSGS 39.89 19 34.50 

ranking of the ENVI 5th order transformation 
ENVIT02 40.50 19 35.32 

Image Analysis T02 41 .27 19 35.46 

(actually a third order transformation utilizing 21 
ldrisi USGS 35.82 19 37.93 

ERMapper USGS 36.54 19 37.94 

ERMapper T02 36.35 19 38.01 
GCPs), which jumped from last place to second ENVIT03 34.43 19 38.50 

ENVIT04 38.86 19 38.58 

place in standard deviation. This clearly illustrates ERMapper T03 48.56 19 41 .56 

ldrisi T02 115.50 19 73.74 

that the greatest distortion of this particular product Total 42.24 418 40.71 

Table 4.1.17 
was located on its edges, while its interior was well 

distributed over the coordinate system that it was cast upon. The triangulation products 

still ranked well, particularly the ERMapper product, rounding out 'The Best' category. 

With the exception ofENVI's 5th order product, the so-called 'Worst' category also 

remained the same. On a whole, 'The Rest' ofthe products did not exhibit much change 

in standard deviation, although there was some change in the rankings. In general, the 1st 

order transformations performed slightly better than the 'USGS comparable' products, 

with the 
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exception ofGeoMedia Pro's, which is actually a 1st order transformation employing 9 

GCPs. This would suggest that the USGS distribution ofGCPs does a better job of 

distributing error evenly across the entire image, whereas the 1st order transformations 

bias the interior of the image at the expense of the exterior. 

The fourth model employed omitted all the Product Mean N 
Std. 

Deviation 

GCPs that were utilized in each of the rectification 
ENVI TRI 23.95 5 16.31 

ERMapper TRI 27.21 5 22.08 

processes. One would expect that GCPs employed 
Image Analysis T01 44.50 26 34.30 

ldrisi T01 44.93 26 34.34 

ERMapper T01 44.31 26 34.36 

in the rectification process would be more accurate ENVIT01 44.52 26 34.44 

ArclnfoT01 44.44 26 34.52 

than those that were not used in the rectification GeoMedia T01 44.42 26 34.61 

ERMapper T02 42.80 24 36.82 

process (see 'Ground Control Point' rectification). Image Analysis T02 43.73 24 37.16 

ENVI T02 43.45 24 37.47 

As such, those products with more 'used' GCPs ldrisi USGS 43.10 21 37.80 

Arclnfo USGS 44.10 21 38.01 

should inherently possess less deviation, biasing the GeoMedia USGS 43.69 21 38.15 

Image Analysis USGS 43.98 21 38.38 

results. The F statistic produced by this model 
ERMapper USGS 44.14 21 38.45 

ENVIUSGS 45.56 21 39.23 

ENVI T03 43.28 20 40.32 
equaled 4.146, rejecting the null hypothesis and ERMapper T03 62.75 20 43.42 

ENVIT04 44.50 15 44.39 
validating the results. 'The Best' (the triangulation ldrisi T02 119.95 24 59.57 

ENVI T05 128.66 9 206.20 

products) still stand in their own class, but their Total 50.22 452 50.82 

Table 4.1.18 
positions have been flipped. Because these products 

utilized the same number of GCPs in the rectification process, we may state with some 

confidence that the ERMapper product is indeed biased when including said GCPs, but 

whether this bias may be considered 'unfair' is debatable. Meanwhile, there exist no great 

surprises in 'The Worst' categories (ldrisi's 2"d order and ENVI's 51
h order 

transformations). However, 'The Rest' category displays an inverse relation between the 
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number ofGCPs employed in a given product and its standard deviation. This probably 

means that in an attempt to remove bias from the results, the opposite effect was 
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achieved, biasing those products employing fewer GCPs. 

The fifth and final ANOV A model that was 
Product Mean N 

Std. 
Deviation 

run attempted to remove both bias towards those ENVITRI 23.95 5 16.31 

ENVIT05 33.89 5 21 .37 

products with a greater number of GCPs utilized, ERMapper TRI 27.21 5 22.08 

Image Analysis T01 48.28 19 3407 

and bias towards the ENVI triangulation product. ERMapper T01 47.73 19 34.18 

ldrisi T01 48.92 19 34.20 

The F statistic produced by this model was 3.928, ArclnfoT01 47.93 19 34.21 

ENVIT01 47.82 19 34.22 

again rejecting the null hypothesis and validating 
GeoMedia T01 47.90 19 34.46 

ENVIT02 42.09 17 36.83 

the results. As previously, the ENVI triangulation 
Image Analysis T02 42.75 17 37.05 

GeoMedia USGS 42.03 15 37.47 

retains top honors, followed by ENVI's 51
h order 

Arclnfo USGS 41.68 15 37.68 

Image Analysis USGS 41.76 15 37.74 

. ENVIUSGS 43.13 15 37.80 

transformation (actually 3rd order with 21 GCPs ERMapper T02 38.75 17 39.59 

ENVIT03 41 .74 15 40.34 

employed) demonstrating again that the products' ERMapper USGS 42.73 15 40.49 

ERMapper T03 59.01 15 40.74 

error is disproportionately tilted to its exterior. ldrisi USGS 41.66 15 40.83 

ENVIT04 44.82 11 49.87 

That aside, the remaining results again demonstrate ldrisi T02 128.97 17 65.48 

Total 48.78 328 42.50 

the inverse relationship observed in the previous Table 4.1.19 

model, suggesting, again, that removing the GCPs employed has the effect of 

introducing, rather than removing bias. (See Fig 4.1.7) 
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Cost Analysis 

The following reports the total time taken for creating each product in each 

software package. This in no way is intended to constitute a scientific analysis, but rather 

is intended to provide merely an indication for the project manager as to the relative time 

requirements of each product. All procedures were completed on the same hardware to 

ensure consistency. Furthermore, the writer attempted to ensure that he was, to all 

possible extents, equally comfortable with each software package under study. This was 

Product Time 

GeoMedia Pro - I st order 5min 54sec 

ERMapper - 1st order 8min 57sec 

ERMapper - 2"d order lOmin 17sec 

GeoMedia Pro - USGS (l't order) llmin 29sec 

ldrisi - I st order 12min 03sec 

Arc View Image Analysis - I st order 13min 36sec 

Idrisi - 2"d order 14min lOsec 

ERMapper - USGS (2"d order) 14min 30sec 

ERMapper - 3'd order 14min 30sec 

Arc View Image Analysis - 2"d order 15min 33sec 

Arclnfo 8.1 - 151 order 17min 55sec 

Arc View Image Analysis - USGS (2nd order) 19min 39sec 

Idrisi - USGS (2"d order) 20min 46sec 

Arclnfo 8.1 - USGS (2nd order) 23min 04sec 

ERMapper - Triangulation 36min 56sec 

ENVI - I st order (I st Ord. 4pts used) 48min 39sec 

ENVI - 2nd order ( 151 Ord. 6pts used) 52miri 57sec 

ENVl - USGS (1 st Ord. 9pts used) I hr 05min 05sec 

ENVI - 3'd order (2nd Ord. !Opts used) 1hr 06min 42sec 

ENVI - 4th order (2"d Ord. 15pts used) 1hr l1min 06sec 

ENVI - 5th order (3'd Ord. 21 pts used) lhr 18min 59sec 

ENVI - Triangulation (4pts used) 2hrs l4min 14sec 

Table 4.2.1 
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done to ensure that the times recorded did not include the learning curve required for 

each software package. Table 4.2.1 depicts only the total time required for each 

procedure. The time required for each individual step may be seen in Appendix A. 

GeoMedia Pro's and ERMapper's 1st and 2"d order, products perform well in the total 

time required to perform each procedure. ENVI's products, on the other hand, require by 

far the greatest time investment to create. This may have been due to the fact that it was 

the only software package that seemed to demand more RAM/Processing power than the 

machine being utilized offered. Nevertheless, this may provide some extremely useful 

insights to the project manager. 

Subjective Commentary 

Within this section I will briefly discuss some of the Pro's and Con's of the 

software packages that were the target of this thesis. As a short disclaimer, the reader 

should be aware that the comments made in this section are entirely subjective, and do 

not substitute for thorough objective analysis. 

Arc View Image Analysis 

Pro's Arc View's greatest asset in this arena is its extremely user friendly interface. The 

ease with which the package displays and organizes its vector and raster layers greatly 

simplifies the rectification/registration process. Image Analysis' other great asset is that it 

warps the image 'on the fly' (the only software package in the thesis to do so), permitting 

the user to very quickly analyze the results of each individual 'link' and determine 

whether it is viable or should be deleted. A further benefit of the 'warp on the fly' 

procedure is that it permits the user to analyze the 'final picture' prior to saving any 
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results. The saving procedure also permits the user the choice between altering the raw 

image, and saving the results to unique output file. 

Con's The rectification/registration process is performed within a single window, 

forcing the user to constantly zoom in/out and pan on the image which is not as efficient 

as those packages which offer an additional pan window which displays the entire image 

concurrently (see methodologies for ERMapper, Arc 8, ENVI). A further detraction is 

that while Image Analysis permits the entry of the ' to ' GCPs either interactively with the 

mouse or via the keyboard, the ' from' GCPs may only be entered interactively, which 

can ultimately lead to a small degree of error. Yet another detractor is that the links used 

for the transformation cannot be saved in a separate file for use in future 

rectification/registrations. Additionally, the means with which the links and their RMS 

errors are displayed are 'clunky' at best. The user is forced to cycle through each 

individual link to view its RMS error and determine whether or not it should be deleted. 

Furthermore, the user is not permitted to choose which type of transformation is used. 

Instead, Arc View automatically determines whether or not to employ a first or second 

degree polynomial depending upon the number ofGCPs employed (for the inexperienced 

user, this may be considered a benefit). Lastly, the user does not have any options, or 

indications for that matter, as to what resampling method is employed during the 

transformation. 

Arclnfo 8.1 

Pro's The first of Arcinfo 8.1 ' s greatest assets is that it employs two overview windows 

with which to navigate around the ' bigger picture' . The second is that the interaction with 

each link is quite efficient, displaying the ' to ' and ' from' GCPs and the RMS errors of 
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each link in one table. This makes the link evaluation process much easier. Furthermore, 

Arclnfo 8.1 permits the user to set the resampling method employed in the transformation 

process. 

Con's Arclnfo 8.1 will only permit the rectification/registration of an image to a feature 

theme and not image to image. Another fault of Arclnfo 8.1 is that it only partially 

utilizes the 'warp on the fly' procedure. While this feature can be employed upon 

completing a minimum of four links, it seems to be a ' half-measure' - why not make it 

available throughout the entire process. Furthermore, the software fails to offer options 

for, nor does it indicate, the method oftransformation utilized. Finally, while the 

software offers the option to save the coefficients for employment in later transformation, 

it does not offer the option to save the links themselves for future reference or 

' tweaking'. 

Geomedia Pro 

Pro's Geomedia Pro ' s user interface is also very user friendly. During the GCP 

selection process the user has the option of displaying the 'warp' image and 'base' 

image/vector file in either the same 'Map Window' or in separate 'Map Windows', 

allowing the user some flexibility in his/her working environment. Possibly GeoMedia' s 

biggest asset during the transformation process is its display of the GCP links. These are 

very well organized within a table in the 'Image Registration' window. This table permits 

the rapid evaluation of the viability of each link, and permits the entry of both ' to ' and 

'from' GCPs via the keyboard in addition to interactively in the 'Map Windows' . 

Geomedia Pro also permits the user to save the links for future use. 
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Con's Geomedia Pro's largest fuult is that it neither offers the option for selecting the 

method employed in the transformation process, nor does it indicate the method 

employed. This is also true for the resampling method employed. (These must be 

obtained by calling Intergraph' s technical support department.) 

ERMapper 

Pro's ERMapper provides a total of four different rectification options to the user, 

providing him or her with any option of transformation that he/she wishes, consisting of 

triangulation and 1st, 2"ct, and 3rd degree polynomials. The software also provides the user 

with three separate options (Nearest Neighbor, Bilinear Interpolation, and Cubic 

Convolution) for the resampling method employed during the transformation process. 

Both of these factors provide the user with maximum control during the 

rectification/registration process. ERMapper also provides both an 'overview' window 

and ' zoom' window for both the 'base' and 'warp' images making navigation around 

these images very efficient. The interface for the links, like Geomedia, is also very well 

organized and not only displays the links GCPs and RMS errors, but also permits the 

entry and editing of those GCPs via the keyboard in addition to interactively. 

Furthermore, these links may be ' locked' to prevent accidental editing. Yet a further 

benefit is that upon completion of the first four GCPs, additional GCPs may be 

'predicted' by the software, which greatly speeds up the process ofGCP selection. 

Finally, ERMapper permits the user to save the links that he she has created for future 

employment. 

Con's The greatest drawback ofERMapper' s rectification process is that for an interface 

that is very user friendly, the selection process for the coordinate system to be defined is 
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quite obscure. For example, if defining your coordinate system as Florida East NAD83, 

rather than have an option explicitly stating ' State Plane Coordinate System Florida 

East' , one must instead select the projection 'TransMerc' which will then provide a new 

list of sub-projections (a fact that is not illustrated anywhere in the literature). One must 

the select the option 'TMFLREF83 '. This requires the knowledge of a nomenclature that 

is simply not referred to. ERMapper' s only other drawback is that, as a result of 

empowering the user with full control, the user must be more skilled than is required for 

the operation of some of the GIS packages, and the process is a little lengthier in time. 

ENVI 

Pro's ENVI also provides the user with a multitude of options for transformation, 

including triangulation, and high order polynomials. Also, as with ERMapper, the 

software provides the user with three separate options for resampling: Nearest Neighbor, 

Bilinear Interpolation, and Cubic Convolution. Again, this gives the user total control of 

the transformation process. ENVI provides 'overview' windows and two 'zoom' 

windows for both 'base' and 'warp' images to aid navigation around the imagery 

(however, these windows total6 just by themselves, along with the other windows used 

during this Geocoding process, the writer feels that this is at least two too many). Again, 

the interface for the links, like Geomedia and ERMapper, is very well organized and 

permits the display of all links and their RMS errors. ENVI also has the capability of 

creating GCP pairs both via the keyboard and mouse, reducing the capacity for potential 

user error. As with ERMapper, ENVI will also predict GCP locations upon the selection 

of the first four links. Also, the selection of the coordinate system to be employed is very 
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user friendly in ENVI. Lastly, ENVI permits the user to save the GCP pairs for reference 

and later use. 

Con's As previously suggested, the writer finds that while ENVI provides all the 

functionality that the user may desire, the interface is a little clumsy to work with. 

Additionally, as with ERMapper, the added control afforded to the user tends to lengthen 

the geocoding process, and demands greater skill from the user. 

Idrisi 3.2 

Pro's Apart from the fact that the process works, there is not a great deal of benefits that 

the writer can comment upon when it comes to rectification/registration in Idrisi. Perhaps 

Idrisi's strongest suit is that allows the user to specifY the type of polynomial employed 

in the transformation process, and allows the user to choose between two resampling 

methods (Nearest Neighbor or Bilinear Interpolation). Idrisi will also permit the user to 

interpret the RMS error of each link and omit GCP pairs if there error is too high. 

Con's Idrisi will only permit the user to enter the GCP pairs through the keyboard, and 

these pairs must be saved in a separate correspondence file. This step alone can be a very 

lengthy process. (However, this at least has the benefit of providing a record of the links 

employed.) ldrisi also demands that the user possess knowledge of the number of rows 

and columns that the 'warp' image will produce. Unless, you already own an image of 

the same area/resolution as the image you are attempting to warp, which would 

presumably defeat the purpose of performing a transformation, the reader fails to see how 

one would come by such information. On a whole, it is the writer's opinion that ldrisi's 

user interface is by far the least user friendly of all the software packages investigated. 
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Conclusion 
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Having compared the multiple products of 6 separate software packages, to the 

industry standard USGS DOQQ, it may be stated with utter confidence that although the 

mean error (less the worst 1 0%) of several products do indeed exceed the specifications 

ofNMAS (90 percent of points tested must fall within 33.3 feet) , the strictest application 

of those requirements leads to the conclusion that simple rectification procedures are not 

comparable in terms of precision accuracy, with ERMapper' s 'ENVI comparable' 

triangulation product closest to this benchmark at 39.012 feet. 

Following all the prodding and poking ofthe various tests ran in this thesis, the 

only products that displayed true consistency were the triangulation products. These were 

by far the most accurate products of all those produced, and also did the best job of 

evenly distributing their error across the imagery. (The project manager could enhance 

the applicability of these products if he/she were to rectifY an image of an area larger than 

the region of study, and then simply subset the results.) Between the two software 

packages that produced these products, ERMapper provided greater accuracy, the option 

to warp the area outside of the GCP circumcircle with a 1st order transformation rather 

than simply clipping that region away, a slightly smoother user interface, with a smaller 

time investment required from the project manager, than ENVI. The triangulation 

products were also the only products that followed the expectation that with increased 

complexity, increased accuracy would follow suit. For the most part, this was not the 

case. This has very important ramifications for the project manager. Why invest 

additional time, money and effort upon a procedure that produces inferior products? It is 

the author's hypothesis, however, that this unanticipated trend may be explained by the 

fact that while lower order transformations may effectively employ the minimum number 
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of GCPs to run a procedure, one must employ numbers of GCPs that are considerably 

higher than the minimum specified to effectively perform the higher order 

transformations. Unfortunately, there is no literature that specifies exactly what these 

numbers are. 

The Cost Analysis investigation revealed that for the most part each software 

package was quite comparable in terms of the time investment, with more time required 

for the complex transformations than the simple transformations. On a whole though, 

GeoMedia Pro and ERMapper performed very well, while ENVI by far generated the 

greatest amount of downtime. 

From the subjective point of view, there existed an obvious distinction between 

the 'GIS' packages and 'Digital Imaging' packages. None of the 'GIS' packages offered 

all the options of the 'Digital Imaging' packages but on a whole offered quite satisfactory 

products. Ofthe 'GIS' packages Geomedia Pro and Arc View Image Analysis proved the 

most efficacious packages, although I am sure that a happy medium could be struck by 

incorporating the best of each into a new GIS package (a project for Oracle, perhaps). As 

for the 'Digital Imaging' packages, both ERMapper and ENVI provided comparable 

functionality, though the interface ofERMapper was simply more pleasant to work with 

than ENVI. 

From the project manager's perspective, therefore, it is possible to draw some 

very generalized conclusions. For a large department, where a great deal of training may 

be required for its staff, a user-friendly interface is a must for the software package of 

choice. In such a case, Arc View Image Analysis and GeoMedia Pro would certainly be 

more than appropriate. In addition, these packages fit the scenario where positional 
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accuracy is important, but not necessarily paramount, and may fulfill these goals with a 

low time investment required ofthe project manager. If the product ofthe software were 

to serve simply as a base map, then GeoMedia's product would likely be the preferable 

choice as it offers just slightly better precision. However, if manipulation of the image is 

required in the form ofhistogram stretches, supervised/unsupervised classifications, 

change detection etc. then Arc View Image Analysis becomes the clearly superior choice. 

Conversely, where the project manager does not have a very large staff that he/she must 

train, or when the skill level ofthat staff is very high, user interfaces that are slightly 

more complex may be a viable option. In such a scenario, superior positional accuracy 

may be attained by employing ERMapper's and ENVI's triangulation products. Of these, 

ENVI requires a greater time investment of the project manager, than does ERMapper, 

and does not produce a product that is as accurate. This makes ERMapper the clear 

choice for this 'upper-end' scenario. 

Further Study 

For the authors' hypothesis, that lower order transformations may effectively 

employ the minimum number of GCPs to run a procedure, while one must employ 

numbers of GCPs that are considerably higher than the minimum specified for higher 

order transformations, to be validated or dismissed, research must be undertaken. Should 

this research bear the hypothesis to be true, the project manager will be granted the 

knowledge to utilize these products to their optimum efficiency. 

An interesting by-product of this investigation was that different combinations of 

GCP patterns and transformation orders produced varying regions of high and low error. 
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A product-by-product investigation into these spatial patterns, perhaps producing surface 

error maps, would also be of extreme value to the project manager. 
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Appendix A - Cost Analysis 

Arc View Image Analysis 

Step by Step Timings for Image Rectification While Utilizing Arc View 
Image Analysis - 1st order Transformation 

Task Time 

Creation of Four Links 4m 52sec 
Check RMS errors Om 29sec 
Save New Image 8m 55sec 

Total 13m 36sec 

Step by Step Timings for Image Rectification While Utilizing Arc View 
Image Analysis - 2nd Order Transformation 

Task Time 

Creation of Six Links 7m OOsec 
Check RMS errors Om 45sec 
Save New Image 7m 48sec 

Total 15m 33sec 

Step by Step Timings for Image Rectification While Utilizing Arc View 
Image Analysis- USGS (2nd order) Transformation 

Task Time 

Creation of Nine Links lim 08sec 
Check RMS errors Om 45sec 
Save New Image 7m 46sec 

Total 19m 39sec 
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Arclnfo 8.1 

Step by Step Timings for Image Rectification While Utilizing Arclnfo 8.1-
1st order Transformation 

Task Time 

Creation ofFour Links (Register) 6min 23sec 
Check RMS errors Omin 5sec 
Save New Image (RectifY) II min 27sec 

Total l7min 55sec 

Step by Step Timings for Image Rectification While Utilizing Arclnfo 8.1 -
1st order Transformation (USGS) 

Task Time 

Creation ofNine Links (Register) llmin 55sec 
Check RMS errors Omin 5sec 
Save New Image (RectifY) llmin 09sec 

Total 23min 04sec 
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GeoMedia Pro 

Step by Step Timings for Image Rectification While Utilizing Geomedia Pro 
- 1st order Transformation 

Task Time 

Creation ofFour Links 4min 15sec 
Check RMS errors Omin 05sec 
Save New lmage (Export to Geotiff) lmin 34sec 

Total Smin 54sec 

Step by Step Timings for Image Rectification While Utilizing Geomedia Pro 
-1st order Transformation (USGS) 

Task Time 

Creation ofNine Links 9min 50sec 
Check RMS errors Omin 05sec 
Save New Image (Export to Geotiff) lmin 34sec 

Total 1 lmin 29sec 

Idrisi 

Step by Step Timings for Image Rectification While Utilizing Idrisi-
1st order Transformation 

Task Time 

Creation of Correspondence File 4min Olsec 
Define Resample Parameters I min 32sec 
Check RMS errors Omin 05sec 
Save New Image 6min 25sec 

Total 12min 03sec 
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Step by Step Timings for Image Rectification While Utilizing Idrisi -
2nd order Transformation 

Task Time 

Creation of Correspondence File 6min Osee 
Define Resample Parameters lmin 40sec 
Check RMS errors Omin 05sec 
Save New Image 6min 25sec 

Total 14min !Osee 

Step by Step Timings for Image Rectification While Utilizing Idrisi -
2nd order Transformation USGS 

Task Time 

Creation of Correspondence File 10min 40sec 
Define Resample Parameters !min 35sec 
Check RMS errors Omin 05sec 
Save New Image 8min 26sec 

Total 20min46sec 

ERMapper 

Step by Step Timings for Image Rectification While Utilizing ERMapper -
1st order (Linear) Transformation 

Task Time 

Creation of Four Links 3m 50sec 
Check RMS errors Om 05sec 
Save New Image 5m 02sec 

Total 8m 57sec 
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Step by Step Timings for Image Rectification While Utilizing ERMapper -
2nd order (Quadratic) Transformation 

Task Time 

Creation of Four Links 3min 50sec 
Creation of Two Additional Links 2min 15sec 
Check RMS errors Omin 05sec 
Save New Image 4min 07sec 

Total IOmin 17sec 

Step by Step Timings for Image Rectification While Utilizing ERMapper -
2nd order (Quadratic) Transformation (USGS) 

Task Time 

Creation of Four Links 3min 50sec 
Creation of Five Additional Links 5min 45sec 
Check RMS errors Omin 05sec 
Save New Image 4min 05sec 

Total 14min 30sec 

Step by Step Timings for Image Rectification While Utilizing ERMapper -
3rd order (Cubic) Transformation 

Task Time 

Creation ofFour Links 3min 50sec 
Creation of Six Additional Links 6min 30sec 
Check RMS errors Omin 05sec 
Save New Image 4min 05sec 

Total 14min 30sec 
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Step by Step Timings for Image Rectification While Utilizing ERMapper -
Triangulation Transformation 

Task Time 

Creation ofFour Links 3min 50sec 
Creation ofSeventeen Additional Links 17min lOsee 
Check RMS errors Omin 15sec 
Save New Image 15min 4lsec 

Total 36min 56sec 

ENVI 

Step by Step Timings for Image Rectification While Utilizing ENVI-
1st order Transformation (ENVI RST) ( 4pts utilized) 

~ Time 

Creation of Four Links 4min 58sec 
Check RMS errors Omin 5sec 
Save New Image 43min 36sec 

Total 48min 39sec 

Step by Step Timings for Image Rectification While Utilizing ENVI -
2nd Order Transformation (ENVI 1st Order) (6pts utilized) 

Task Time 

Creation of Six Links 8min 5sec 
Check RMS errors Omin 5sec 
Save New Image 44min 47sec 

Total 52min 57sec 
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Step by Step Timings for Image Rectification While Utilizing ENVI -
3rd Order Transformation (ENVI 1st Order) (9pts utilized) 

Task Time 

Creation ofNine Links II min 45sec 
Check RMS errors Omin 05sec 
Save New Image 53min 15sec 

Total 1 hr 05min 05sec 

Step by Step Timings for Image Rectification While Utilizing ENVI -
3rd Order Transformation (ENVI 2nd Order) (I Opts utilized) 

Task Time 

Creation ofTen Links 12min 17sec 
Check RMS errors Omin 05sec 
Save New Image 54min 20sec 

Total I hr 06min 42sec 

Step by Step Timings for Image Rectification While Utilizing ENVI -
4th Order Transformation (ENVI 2nd Order) (15pts utilized) 

Task Time 

Creation ofFifteen Links 18min 22sec 
Check RMS errors Omin !Osee 
Save New lmage 52min 34sec 

Total lhr llmin 06sec 

Step by Step Timings for Image Rectification While Utilizing ENVI-
5th Order Transformation (ENVI 3rd Order) (21pts utilized) 

Task Time 

Creation ofTwenty-One Links 24min 27sec 
Check RMS errors Omin 15sec 
Save New Image 54min 17sec 

Total lhr 18min 59sec 
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Step by Step Timings for Image Rectification While Utilizing ENVI
Triangulation (2lpts utilized) 

Task Time 

Creation of Twenty-One Links 24min 27sec 
Check RMS errors Omin 15sec 
Save New Image lhrs 49min 32sec 

Total 2hrs 14min 14sec 
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Appendix B - Positional Accuracy 

Image Image Image 
Analysis Analysis Analysis 

GCP T01 T02 USGS 
LENGTH LENGTH LENGTH 

(Ft) (Ft) (Ft) 

GeoMedia GeoMedia 

GCP Pro T01 Pro USGS 
LENGTH LENGTH 

(Ft) (Ft) 

8 2.344 10.395 9.80€ 8 1.886 7.608 
16 32.587 39.238 37.706 16 32.408 37.897 
17 10.031 10.599 10.784 17 11 .813 8.472 
26 21 .121 18.864 19.592 26 23.338 17.778 
27 31.900 32.172 32.489 27 34.844 28.921 
36 3.246 31.999 29.022 36 4.227 27.432 
37 28.237 62.665 56.95e 37 26.520 56.091 
25 43.751 21 .052 26.82€ 25 45.178 26.599 
15 9.734 3.167 0.369 15 10.338 0.458 
14 47.343 42.928 40.308 14 44.077 40.316 
6 41.084 34.502 28.419 6 39.385 30.588 
5 110.699 129.551 132.474 5 112.350 130.576 
13 30.725 30.553 26.030 13 29.199 25.588 
24 153.191 158.945 159.968 24 154.835 159.694 
34 76.102 41 .267 47.875 34 78.110 49.033 
22 10.073 30.099 23.222 22 8.731 22.978 
23 69.476 43.575 51 .560 23 69.956 52.422 
12 27.948 27.638 19.480 12 25.497 18.680 
3 79.937 71.486 65.295 3 79.400 66.278 
4 30.419 16.088 11 .997 4 27.218 13.830 
0 1.867 12.761 27.350 0 4.392 27.124 
1 62.522 58.276 46.982 1 60.840 46.21 1 
9 60.104 61 .701 47.454 9 60.026 47.083 
10 75.551 73.092 64.038 10 74.264 62.743 
11 33.506 42.507 30.499 11 32.661 28.823 
20 30.795 8.282 22.778 20 31 .713 22.466 
21 24.683 3.773 14.536 21 25.903 16.193 
19 10.459 15.202 15.189 19 12.681 17.78C 
18 3.479 20.557 11 .686 18 1.933 12.243 
31 4.993 29.565 17.972 31 3.532 15.804 

Sum 1167.907 1182.499 1128.663 Sum 1167.255 1117.709 
Sum (less Worst 3 824.080 820.911 770.926 Sum (less Worst 3J 820.670 761 .161 

Mean 38.93023 39.41663 37.6221 Mean 38.9085 37.25696667 
Mean (less Worst 3 30.52148 30.40411 28.55281 Mean (less Worst 3' 30.39518519 28.19114815 
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Arc Info Arc Info ldrisi ldrisi ldrisi 

GCP T01 USGS 
LENGTH LENGTH 

GCP T01 T02 USGS 
LENGTH LENGTH LENGTH 

(Ft) (Ft) (Ft) (Ft) (Ft) 

0 3.391 26.763 0 2.041 1.177 14.186 

1 60.665 46.018 1 62.529 69.006 36.580 

3 81 .094 64.960 3 82.576 69.011 56.913 

4 27.401 12.966 4 29.885 1.330 18.264 

5 112.702 130.848 5 109.589 63.814 91 .191 

6 39.917 28.161 6 42.958 45.662 28.248 

8 0.839 9.899 8 2.199 2.221 2.278 

9 60.180 49.002 9 61 .541 65.615 34.736 

10 75.929 62.577 10 76.462 110.722 45.586 

11 32.695 28.698 11 33.544 120.907 11.503 

12 27.218 18.565 12 28.224 205.391 11 .585 

13 29.290 23.514 13 30.496 204.691 5.955 

14 45.738 38.759 14 47.939 139.961 20.745 

15 10.546 2.371 15 9.331 190.688 22.454 

16 34.115 40.090 16 31 .771 44.903 21.490 

17 10.707 12.926 17 10.442 131 .131 19.249 

18 0.910 13.882 18 3.800 1.164 5.275 

19 11 .071 17.976 19 11 .341 37.264 13.952 

20 31 .408 22.807 20 31 .413 124.529 31 .301 

21 23.660 13.65€ 21 25.836 81 .295 19.960 

22 10.135 23.598 22 10.972 138.63C 29.229 

23 68.226 51 .152 23 69.725 145.853 54.037 

24 152.514 160.652 24 153.309 277.744 181 .181 

25 44.171 24.961 25 44.198 165.494 38.393 

26 22.520 22.723 26 21 .765 133.178 27.185 

27 34.997 32.909 27 31 .656 85.159 22.850 

31 3.399 18.263 31 5.038 88.877 33.521 

34 78.850 48.818 34 77.181 0.747' 19.983 

36 2.621 28.439 36 3.545 0.615 27.421 

37 26.236 56.09S 37 28.354 139.352 84.017 

Sum 1163.145 1132.052 Sum 1179.660 2886.131 1029.268 

Sum Tless Worst 3) 1091 .901 1083.36C Sum (less Worst 3) 1108.420 2518.218 998.581 

Mean 38.7715 37.73507 Mean 39.322 96.20437 34.30893 

Mean (less Worst 3 40.44078 40.12444 Mean (less Worst 3\ ~1 . 05259 93.26733 36.98448 
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ENVIT01 ENVI ENVI ENVI ENVI ENVI ENVI TRI T02 T03 T04 TOS USGS GCP LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH LENGTH 
(Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

0 4.904 10.991 3.290 16.561 2. 740 18.804 
1 59.453 57.532 44.399 22.184 9.899 49.871 1.Q_44 
3 79.549 70.028 42.523 36.710 36.1 53 64.837 0.428 
4 26.009 13.857 1.215 21.470 14.216 12.953 1.663 
5 113.144 133.480 123.648 40.852 4.985 138.370 
6 39.121 30.138 16.705 33.311 3.274 25.109 0.558 
8 2.479 15.339 0.841 40.087 1.718 16.262 
9 59.858 60.857 49.672 26.889 50.475 49.823 39.547 
10 75.333 71 .987 42.556 17.053 17.993 64.142 0.571 
11 33.300 38.595 13.386 11 .963 0.635 27.460 0.62€ 
12 25.124 22.508 16.355 41.460 63.714 15.773 100.407 
13 30.490 28.180 9.161 33.176 34.287 22.240 22.24C 
14 43.21€ 41 .985 14.661 4.745 3.382 36.744 18.04C 
15 11.422 3.420 18.248 35.552 26.285 3.556 0.877 
16 32.81C 41 .603 37.900 54.090 213.49€ 41 .932 
17 12.91€ 11 .116 3.223 4.878 11.884 12.688 
18 1.218 18.964 15.670 19.998 7.005 14.422 
19 13.579 15.682 24.855 31.878 20.750 23.200 11 .282 
20 32.448 11 .892 35.774 47.340 46.994 27.471 0.667 
21 25.631 6.529 29.933 37.268 41 .013 20.680 7.827 
22 8.534 30.714 32.690 30.974 53.829 22.212 43.057 
23 68.631 43.870 44.502 45.584 34.334 54.274 0.588 
24 153.949 159.572 181 .398 191 .342 96.818 162.852 1.788 
25 44.251 21 .966 31 .892 41 .776 26.561 26.337 0.764 
26 23.460 19.756 11 .536 17.537 101 .582 21 .342 
27 36.312 32.963 19.451 21 .361 21.361 30.623 
31 2.944 25.090 7.225 20.725 3.280 14.788 
34 78.656 40.273 4.275 27.713 9.563 48.441 1.359 
36 4.182 32.665 3.150 7.963 4.024 31 .060 
37 27.342 63.325 46.896 81.423 652.077 62.904 

Sum 1170.265 1174.877 927.030 1063.863 1614.327 1161 .170 253.334 
Sum (less Worst 10%) 1095.905 1121 .311 718.223 966.040 1588.494 1107.903 171 .273 

Mean 39.008833 39.162566 30.901 35.4621 53.8109 38.705666 13.33336€ 
Mean (less Worst 10%) 40.589074 41 .530037 26.600851 35.779259 58.833111 41 .033444 10.074882 
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ERMapper ERMapper ERMapper ERMapper ERMapper ERMapper 
TRI 

GCP T01 T02 T03 USGS TRI (ENVI's LENGTH LENGTH LENGTH LENGTH LENGTH 
(Ft) (Ft) (Ft) (Ft) (Ft) Output) 

(Ft) 
0 4.359 5.105 0.884 11 .977 45.389 
1 61 .022 35.549 44.236 39.61 7 0.858 0.858 
3 78.773 50.607 69.348 57.117 1.049 1.049 
4 28.784 15.272 15.272 15.911 2.437 2.437 
5 112.107 98.799 151 .719 101 .815 2.791 
6 38.566 12.577 58.473 26.305 1.439 1.439 
8 2.760 22.217 7.367 9.326 1.907 
9 60.824 31.901 56.884 34.815 39.012 39.012 
10 72.849 39.933 45.513 46.201 2.309 2.309 
11 31 .424 4.773 3.544 10.849 3.064 3.064 
12 24.244 22.133 25.076 11 .514 0.242 0.242 
13 31 .004 21 .537 11 .341 2.936 2.108 2.108 
14 43.313 9.625 56.665 18.058 15.957 15.957 
15 10.277 37.518 14.815 22.281 2.970 2.970 
16 34.129 25.415 20.122 21 .188 46.328 
17 11.498 41 .257 18.593 20.846 2.989 
18 2.014 1.611 5.913 5.147 13.513 
19 12.055 15.770 26.239 18.299 15.805 15.805 
20 31 .672 38.676 72.532 36.692 3.361 3.361 
21 26.446 24.761 55.447 25.256 5.298 5.298 
22 8.826 24.096 41 .704 31 .793 59.976 59.97§ 
23 70.986 58.520 89.140 55.585 2.376 2.376 
24 153.267 180.742 188.604 181.025 3.368 3.368 
25 44.291 49.969 40.437 36.455 3.131 3.131 
26 22.135 44.052 32.018 28.098 13.762 
27 35.146 38.058 62.076 22.792 21.404 
31 4.938 31 .049 4.426 26.563 5.374 
34 78.295 16.721 7.312 23.620 47.142 47.142 
36 2.910 21 .082 8.500 30.386 1.030 
37 25.120 89.905 103.980 85.523 103.980 

Sum 1164.034 1109.230 1338.180 1057.990 470.369 211 .902 
Sum (less Worst 10%} 1088.624 1027.958 1304.657 1023.447 419.145 144.035 

Mean 38.801133 36.974333 44.606 35.266333 15.678967 11.1527368 
Mean (less Worst 10%} 40.319407 38.072519 48.32063 37.905444 15.523889 8.47264706 
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Appendix D - Ground Truthing Maps (Examples) 

GCP Sample Points-- Full View 

(j;• Ground Control Points 
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