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Chapter 1. Introduction 

Three-dimensional models are useful in terrain representation and mapping. Map 

quality, whether two or three dimensional, is limited by the accuracy of the data and 

resources used to create the finished product. Digital Elevation Models (DEMs) are one 

of the primary sources of data for three-dimensional maps. Although obtaining DEM 

data for the United States is easy because of the United States Geologic Survey (USGS) 

and the accessibility of their digital data sets, this does not assure the accuracy of the data 

(Childs, 2001). DEM data is only as accurate as the techniques used in the generation 

process. This project analyzed the accuracy of 10-Meter USGS DEMs utilizing a 

Global Positioning System (GPS) and Total Station surveying equipment. 

Reliable and accurate data for use in cartographic representation are difficult to 

acquire, and data provided by institutions such as the USGS are no exception. 

Inaccuracies have been found in 30-Meter DEMs of Oahu in past research and can be 

verified by viewing images made from those data sets. When viewed through standard 

DEM viewing software, errors can be seen on sloped and flat areas (Clouet, 1997). This 

process of visual inspection, or visualization, is crucial before using such data. Portions 

ofWaikiki and other coastal flatlands on Oahu are represented as being below sea level 

in both the 30-Meter and lO-Meter DEM datasets. Coastal areas with more relief, such as 

the Northern shores ofKauai, depict sea level as being eight meters high. This becomes 

problematic when all elevations within the DEMs of Hawaii are based on sea level as the 

absolute zero. This could point toward a problem not only in the data production method, 

but also in the data source used to generate the models. 
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Past research on DEM accuracy has examined photogrammetrically derived data 

sources as well as current array sampling methods. Depending on the accuracy 

thresholds applied in the studies, the results varied. An accuracy assessment of elevation 

data using a Global Positioning System found that USGS l-degree/3-arc-second DEMs in 

Texas were of high vertical, z dimension, quality and met stated vertical accuracy 

standards (Adkins and Merry, 1994). This accuracy standard for the I-degree 30-meter 

by 30-meter grid cell DEMs had a range of plus or minus 30-meters in the vertical, z, 

dimension. This is not satisfactory for many cartographic and planning opemtions. An 

engineer does not want to know plus or minus 30-meters, or IO-meters for that matter, 

how much earth to move on a job site. He or she wants to know exactly how much earth 

to move in order to minimize the cost of excavation. These vertical accuracy errors are 

difficult to correct, and tarnish the quality of the map that requires the use of 30-meter 

DEMs of those regions. 

Errors and inaccuracies in the 30-meter data set of Oahu and other Hawaiian 

Islands were apparent. Hawaii was one of the first states in the United States to receive 

10-meter DEM coverage (Henrikson, 2002). This higher resolution data set is said to be 

of better quality than the 30-meter set, but this quality has yet to be field tested and 

confirmed. The IO-meter DEM data set does not contain as many obvious elevation 

errors when viewed as hillshaded surfaces, but errors do not have to be visible to be 

present. Those cartogmphic data sets that are assumed to be correct by visual inspection, 

or visualization, are most frequently misused. The danger and repercussions of this 

oversight arise when the data sets and resulting maps or map images are used for 

navigation, urban planning, terrain analysis, or other consequential purposes. 

2 



Digital Elevation Models are indispensable for many analyses such as 

topographic feature extraction, runoff, slope stability, drainage basin, and landscape. 

They assist in public disaster preparedness by having accurate models of terrain for better 

flood plain analysis (Tankagi, 1996). They can help assess and record active erosion 

rates for coastal and riparian areas, improve coastal and harbor navigation, and aid in 

safer airplane approaches during landing procedures (USDOC, 2001). They are also used 

in many of the top-end computer simulations including the flight simulators used to train 

airplane pilots. 

Cartography has embraced DEMs for their versatility and compatibility with 

many software packages (Tankagi, 1996). They allow the cartographer to depict terrain 

in such a way that the map-reader can visualize the area in his/her mind. Today, with the 

rise of animated graphics programs, DEMs are a hot topic. Landscape modeling 

programs like ArcGlobe, ArcScene, Bryce, Natural Scene Designer, and World 

Construction Set are all using DEMs as one of their staple data sources. The elevation 

models serve as the groundwork with which the programs and user can manipulate, build 

upon, and create realistic scenes. 

In August of2001, a report to Congress assessed the potential benefits of a Height 

Modernization Study and System. Specifically, the National Spatial Reference System 

(NSRS) created through the National Geodetic Survey (NGS) was to be modernized and 

enhanced. The NSRS is a consistent national reference framework that specifies latitude, 

longitude, height (elevation), scale, gravity, and orientation throughout the United States, 

as well as how these values change with time (USDOC, 2001). This project will promote 

the advancement of GPS accuracy for surveying. Reports to Congress suggesting 
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improved accuracy for elevation data support the question posed in this research project. 

Elevation data for the United states is important and needs to be of top quality and 

accuracy. 

Through my own experience with DEM reliability and usage on Oahu, I have 

found inaccuracies within the data. Working with the IO-Meter DEM data for 

cartographic production purposes has been challenging when these errors present 

themselves. Unfortunately, public misconception and undiscerning use of the data results 

from these errors and inconsistencies. Specifically, some coastal areas are depicted as 

being flat and/or below sea level, and some hillsides are misrepresented. Coastal areas 

have been depicted as being underwater especially when errors in sea level height are 

present. Hillsides have been represented with steep and jagged edges, when the terrain is 

actually smooth with a gentle upslope. In addition, terrain with abrupt up slopes that 

transition from low lying areas to hillsides are inconsistently represented within the 

DEM. These areas of inconsistency are the reason for my inquiry into the accuracy of 

IO-meter DEMs. The data set in question is the lO-Meter Level 2 DEM quadrangles 

provided by the USGS for Oahu. 

The methodology undertaken to test the USGS data is a new approach to 

determining DEM accuracy. The combination of technologies, and the manner with 

which they are utilized, is a new technique that has its roots in field methods. Past 

researchers have taken a variety of approaches to determining DEM accuracy, and some 

of those techniques are outlined in the following chapter. The goal of this research is to 

determine if this method is a reliable approach to DEM accuracy inquiry. If so, future 

researchers can contioue the effort and conduct field methods in a similar fashion. 
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Chapter 2. Literature Review 

There has been a great deal of inquiry in the past decade into various aspects of 

DEM accuracy and methods to approach the topic. Most of the research snmmarized 

below focuses on DEM production error, systematic errors in DEM production processes 

and potential methods to correct them, as well as field testing vertical accuracy with 

purely GPS point data. Each research topic is integral in validating the overall process of 

creating a DEM and is proof that determining the cause of inaccuracies in these data sets 

involves multifaceted research into all aspects of the data generation process. Past 

research either focuses solely on the field testing ofDEM data or on finding errors in the 

data without field tests, speculating on how those errors were created, and then providing 

methods to filter out those errors. There is a lack of research rooted in field testing using 

both GPS and Total Station survey methods in order to generate a secondary digital 

elevation surface. In other words, past research was more focused on testing the existing 

data, than on creating new data and comparing that to the DEM in question. 

Research on DEM accuracy has examined a variety of data types and sources. 

Depending on the accuracy thresholds applied in the studies, the results varied. DEMs 

generated from computer correlation of stereo images have exhibited errors. Dr. Marsha 

Jo Hannah, from the Institute for Advancement Computation at the NASA/Ames 

Research Center discusses this data (Hannah, 1981, pp. 63-69). She utilized algorithms 

that detect errors based on drastic changes in slope and/or allowable slope. The research 

results were quite similar to those later found by Carlos Lopez, and are snmmarized later 

in this chapter. Many small errors were found within the grid based terrain model, but 
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they were one or two meter elevation errors. In addition, a larger error that was 

nicknamed "Error Mountain" was also discovered. Running the algorithm to detect and 

remove the larger error in the DEM unfortunately smoothed out small undulations that 

were correct These small undulations were then lost, and for that reason, more 

uncertainty was created in the process. 

An accuracy assessment of elevation data using a Global Positioning System 

found USGS I-degree/3-arc-second DEMs were of high vertical, z dimension, quality 

and met stated vertical accuracy standards (Adkins and Merry, 1994, pp.195-202). This 

accuracy standard for the I-degree 30-meter by 30-meter grid cell DEMs had a range of 

plus or minus 30-meters in the vertical, z, dimension. This guideline falls under the 

National Map Accuracy Standards for allowable error that mandates ninety percent of 

the elevation data points tested shall fall within one half of the contour interval. Adkins 

and Merrys' methodology included collecting GPS data for 19 road intersections using 

GPS static and pseudo-kinematic techniques. Pseudo-kinematic techniques can obtain 

accuracy of a few centimeters while static methods can produce sub-centimeter accuracy. 

These road intersections were point features that were then compared to elevations on the 

corresponding USGS DEM. They not only tested USGS data but also Tactical Terrain 

Data (TTD), which is a product of the Department of Defense. Topographic map sheets 

produced by the USGS and the Defense Mapping Agency were also tested. The TTD 

data set is comprised of Digital Terrain Elevation Data level II elevation matrix, an 

enhanced Tactical Terrain Analysis Database, and selected features from the 1:50,000-

scale Topographic Line Map and Army Combat Chart. GPS elevations were then 

compared to the DEM, and an absolute value of the difference was determined. Although 
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the USGS data met stated vertical accuracy standards, the TID did not meet the accuracy 

requirements. Possible methodological errors in their procedures such as digitizing the 

road intersections might have contributed to their results. When the coordinates of the 

digitized intersections were compared to the coordinates derived from differentially 

corrected G PS data, the vertical error was greater than the National Map Accuracy 

Standards threshold . 

Research on data collection methods has also been studied in regard to USGS 

OEM production, particularly methods related to the process of photogrammetrically 

deriving elevation data. Thaddeus 1. Bara and Daniel G. Brown found that aerial 

photograph scanning procedures used in the production ofDEMs can result in "banding" 

or "striping" remnants, a form of systematic error process which commonly affects 

photogrammetric digital elevation data (Brown and Bara, 1994, pp. 189- I 94). They 

noticed that most data errors are in areas of high relief or mountainous terrain . Errors 

such as these are not randomly distributed, but are concentrated in higher elevations. 

Figure 2. I below demonstrates the "banding" or "striping" effect in a mountainous 

terrain. Notice the hori zontal lines that run across the image: 

Figure 2.1 Banding and Striping Effect 
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Therefore the USGS methods, summarized in the next chapter and noted in detail in the 

technicians' manual attached in the Appendix, to determine accuracy would rarely pick 

up these higher relief inconsistencies. The USGS randomly picks 20-30 test points in the 

quadrangle being processed, and purposefully does not concentrate on areas of high relief 

because they know that those areas are less accurate. Bara and Brown went on to discuss 

methods of filtering elevation surfaces in order to correct these systematic errors, but 

admitted that the filtering process increased uncertainty in the elevation values. 

I was fortunate enough to be able to visit two USGS DEM production offices 

during my research and watch as two technicians created 10 Meter DEMs while I 

hovered over their shoulders. The USGS office in Menlo Park, California was my first 

followed by the main office in Reston, Virginia. There, I was able to see the DEM 

production process first-hand and take note as to the various steps and procedures (See 

Appendix). In reference to Bara and Browns research, the 20-30 test points used by the 

USGS for the RMSE calculation are of significant importance. It clearly states under the 

section labeled D3D Procedures-Step 9, that during the RMSE calculation, the technician 

should "try to select points where the contours are not too steep." Their reasoning is that 

"a little error in the cursor could make a large difference" in the RMSE calculation, 

therefore these areas should be avoided altogether. I personally watched as the 

technicians selected their test points, and avoided all areas of upward turning slopes and 

high elevation steep terrain. This bias plays an important role in data accuracy as these 

areas with steep inclines are not analyzed for error. 

An article by GJ. Robinson (G.J. Robinson, 1994, pp.805-814) summarizes three 

main influences on DEM accuracy and suggests how these influences can be reduced to 
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improve accuracy. The three main factors are terrain character, sampling strategy, and 

interpolation method. Robinson argues that vertical accuracy is a function of slope, 

variation of terrain. size of pixel, and patch size in stereo pairs. These elements have 

been apparent in some of the past research, and are worth noting as possibly the largest 

determining factors in OEM accuracy. The research article discusses the various point, 

line, and Triangular Irregular Network (TIN) based interpolation methods and the 

limitations of each. Some artifacts that are created from these interpolation methods 

include terracing effects and flat spots in the data. These are more apparent in contour 

line interpolation methods. Robinson takes a 'bigger picture' view of the OEM accuracy 

situation and notes that there is a need to research the complete "error train" involved in 

OEMs. 

While the ever-present goal is to minimize the error or uncertainty in the data we 

currently use, the question of how to increase accuracy of future data sets is of equal, if 

not greater importance. Masataka Tankagi (Tankagi, 1996, pp.I-7) attempts to narrow 

down the many variables within OEM production, with the hopes of finding a 

straightforward approach to creating more accurate data. His approach was to study the 

correlation between increasing spatial resolution and its corresponding affect on 

accuracy. In addition he looked into resampling methods utilized to create a OEM from 

contours. Nearest neighbor was deemed to be the resampling method of choice, although 

this method has been questioned in other literature. Specifically, bilinear interpolation 

has proven to be a valid method of resampling. In reference to slope aspect, slope 

inclination, slope stability, and drainage pattern accuracy, higher resolution data 
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produced fewer errors. This was attributed to a smaller pixel size and the fact that there 

is less chance of terrain change within a smaller pixel. 

It seems that most, if not all, research on DEMs does not dispute the fact that 
-,' , 

there are errors within the models, but very few begin to classifY and/or represent the 

errors into classes. Suzanne Perlitsh Wechsler's research touches on these exact topics 

(perlitsh Wechsler, 2000, pp. 1-16). She suggests using ESRls Arc View Spatial Analyst 

extension to aid data users in representing DEM uncertainty. Specifically, she describes 

five methods of representing DEM error as well as three sources of error. The three 

sources of error are blunders, systematic, and random errors. These sources of error can 

be broken down into 1) Data errors due to the age of data, incomplete density of 

observations, or results of spatial sampling. 2) Measurement errors such as positional 

inaccuracy, data entry faults, or observer bias. 3) Processing errors such as numerical 

errors in the computer, interpolation errors, or classification and genera1ization problems. 

She utilized Monte-Carlo techniques for representing DEM uncertainty and it's affect on 

various topographic parameters. The five methods used to represent DEM error were 

unfiltered, neighborhood autocorrelation, mean spatial dependence, weighted special 

dependence, and interpolated spatial dependence. All of these methods are based on the 

theory that error is spatially auto correlated as opposed to random. The goal of the study 

was to create methods of measuring uncertainty in DEMs, so that the end user can make 

an educated guess at to whether or not they want to use their data for a specific purpose. 

It is also interesting how this article takes a different approach to the term "error" and 

deems ''uncertainty" as the appropriate unit of measure. This is an important concept 
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considering all data has inherent error, and keeping those errors to a minimum decreases 

uncertainty. 

(Lopez, 2002, pp. 361-375) Carlos Lopez studied photdgrammetrically derived 

DEMs and how to improve the accuracy of a DEM irrespective of lineage by identifYing 

its most suspicious values, and/or outliers, and removing them. His research is based on 

the theory that random errors always exist and that they have the following 

characteristics: 1) Positive and negative errors occur with almost the same frequency 

when the dataset is large. 2) Small errors occur more often than large errors. 3) Large 

errors rarely occur. With this in mind, he ignored systematic errors of the production 

process and only focused on the actual DEM. Although he found a decrease in the Root 

Mean Square Error (RMSE) after filtering the dataset of'outlib;i;it is the methodology 

that is trOUbling. In order to mimic a data user that comes across a DEM with obvious 

outliers, Lopez 'decides' which outlier is wrong and/or uses bilinear approximation using 

immediate neighbors to mimic an inexperienced data user. This method of attempting to 

smooth out or selectively pick out outlying data points is probably the most likely utilized 

method for DEM data correction for most users because of its simplistic and straight 

forward nature. Unfortunately, smoothing or manipulating data that appears to be 

incorrect does not always improve data accuracy, and can in fact increase uncertainty. 

Craig Clouet's research on 30-meter DEM accuracy (Clouet, 1997, pp. 1-44) 

incorporates similar technology used in this project, and this research is an attempt to 

further the knowledge gamed from his research on Oahu. Clouet collected field point 

data with a resource-grade GPS handheld unit. Site selection was based on slope that fell 

within three ranges (0-5%, 5-15%, and > 15%), thus making the selection of sites 
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stratified. Field points were occupied for 10 minutes, post-processed, and then ArcInfo 

was used to compare the handheld receiver elevations with the raster Levell and Level 2 

DEM. This produced a table of elevation discrepancies between the point taken by 

Clouet and the DEM data. Analysis included a Root Mean Square Error (RMSE) test, a 

visual analysis test, as well as descriptive statistics. Clouet surmised that the RMSE 

calculation was the most robust test if only one measurement is used. This is most likely 

why the USGS relies primarily on the RMSE for its accuracy assessments. Clouet 

concluded that accuracy did decrease with increasing slope, and therefore warned 30 

meter data users that those areas should be deemed suspect. He found that Level 2 DEMs 

were more accurate than the Levell DEMs, and looked to the future ofDEM processing 

and data collection techniques to improve accuracy. 

Although I do agree with him on most topics, the GPS technology that he utilized 

can add a degree of error. It is also quite difficult to compare point data to a dataset that 

is in grid format, and make a definite accuracy conclusion when comparing the two. This 

project takes the next, necessary steps to further the research undertaken by Clouet. This 

research utilizes and tests a new technique that incorporates a more accurate technology 

and analysis to answer some similar questions. Does accuracy improve within Level 2 

USGS 10-meter DEMs on Oahu? If so, does the 10-meter USGS DEM data on Oahu fall 

within the stated accuracy threshold upheld by the USGS? 
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Chapter 3. USGS DEM Production 

With one visit to the USGS office in Menlo Park, California and another to the 

headquarters in Reston, Virginia, I had a great opportunity to tour two production centers 

and watch two technicians produce 10-meter Level 2 DEMs. The step-by-step process is 

long, and can take a considerable amount of technician time. The cartographic technician 

begins by creating a chronopaque, or a burned image of the corresponding USGS 

topography sheet. These are then placed into an EXTRON scanner and scanned at 800-

1000dpi. The scanned image is given a run length encoded (.rIc) file extension. Next, 

the basic threshold, or line weight, is determined. There needs to be a line weight 

balance so that the contour lines do not end up running together, but are also heavy 

enough to see. There must be separation between lines, but not at the expense of making 

unnecessary gaps between contour lines. The scanning process can then begin. 

After the scan is complete, the raster image is reviewed. The technician looks for 

heavy spots, or areas where contour lines have merged together. They also look for light 

spots to see if contour lines are broken. If any of these areas are found, the basic 

threshold is adjusted and the scan process is repeated. The file is saved and sent to a line 

trace computer that runs a program called LT4X. This suite of programs allows the 

technician to tag the contours with their appropriate value, set up the header data within 

the DEM, and registers the comers of the raster file. 

Once the LT4X suite is running, the project is given anarne and the coordinates 

of one comer of the image are registered in latitudeJ10ngitude format. Next, the 

information that is contained within a DEM's header is entered. This will include the 

"0· ... 
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contour interval, the state that the DEM area falls within, the quadrangle name, the DEM 

units, and the date the source data or photography was taken. Now that the raster image 

is registered, the contour lines need to be vectorized and tagged. 

The next step involves technician editing and visual inspection of the raster 

image. The technician separates merged lines, connects any broken or missing lines, 

removes contour numbers and connects the contour lines. This is all done by hand. The 

resulting lines are thinned to one pixel width using the command thin_lines 0 O. Next, 

the technician inputs the command grow_spurs >1<. The >I< is the number of pixels to 

extend a contour line to connect to another line. This fills in most of the gaps between 

broken contour lines and keeps the hand editing to a minimum. Experimentation is 

necessary to input the most effective spur length. Next the contour lines are converted 

from a raster to a vector format (vectorizing), which prepares the lines for tagging. 

Tagging a contour line assigns a value to the line that corresponds to the 

surronnding terrain. The contour interval is typically 40 feet, so the contour lines are 

tagged sequentially, depending on upward facing or downward facing slopes. 

Methodically, contour lines are hand tagged as either up-slope or down-slope contours. 

Since a pre-determined contour interval is set, the technician simply keys in one contour 

value and then drags the mouse over lines with either the left mouse key (down hill) or 

the right mouse key (up hill) depressed. This process is the most time-consuming part of 

the production process, depending on the complexity of the topography. Once this is 

complete, the vectors are reviewed to insure that all lines and hill/mountain tops are 

tagged. Contours are color-coded depending on elevation, so as to not introduce contour 

numbers. This process creates a confusing screen full of rainbb~ 'arrays. 
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The DEM is now interpolated using Delta 3D and exported so that the 

hydrography can be added, the DEM edges can be smoothed, and the Root Mean Square 

Error (RMSE) can be calculated. First, the DEM is reviewed for snakes, spikes, or any 

unusual features that look wrong or out of place. If found, the technician goes back to the 

LT4X program to correct those areas. Next, the units of the DEM are changed to feet so 

that they will match the corresponding paper topography map. The header is edited one 

more time to add the DEM revision date, revision flag, validation flag, suspect void flag, 

edge match west, north, east, and south. 

Now the water bodies, or hydrography, in the DEM are dropped onto the data set. 

This data is stored in drainage plates that are added after all of the contour tagging is 

complete. At this point, the technician looks for large bodies of water. Large bodies of 

water are considered those larger than the circumference of a nickel. The water bodies 

are selected and leveled so that they are flat in relation to the surrounding topography. 

The shorelines of these large bodies of water are tagged with an;elevation of one foot 

above the water elevation. 

The DEM is then joined with the surrounding DEMs that share, one of four edges 

to the north, south, east and west. The edges of the contours are selected and "smoothed" 

with the surrounding DEM contour edges. This process is labeled edgematch within the 

Delta 3D suite. 

The technician then inspects the DEM for ''puddles,'' or areas where water is 

gathering due to a stream, river, depression, road fill, or lake. These are valid areas 

where puddling could occur. Some puddles can denote an err6'l' 6t'inconsistency within 

the elevation data. Error in contour tagging, inconsistency in riverbed elevations, and 
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merged contour lines can all account for puddle creation. If this is the case, the 

technician can edit the DEM and change elevation values and/or contour lines to 

sufficiently fit the surrounding terrain. 

The last step in the USGS DEM production is the accuracy assessment. The 

USGS measures the accuracy by calculating the Root Mean Square Error (RMSE), for 

randomly selected points on the DEM. The procedure begins by taping the 

corresponding USGS topography quadrangle to a digitizing tablet and registering the 

comers. Next, a minimum of28 points per DEM are selected on the quadrangle and their 

elevations are inputted in order to calculate the RMSE on the DEM. Even though 28 

points are suggested, typically more are tested to make sure there is complete sampling 

across the topography quadrangle. Technicians are encouraged to select points along the 

sides, top, bottom, and randomly in the interior. Testing and sampling is discouraged in 

areas where topography and contours might be steep. The RMSE error has to be less 

than 20 feet, or half the contour interval, in order to pass the inspection (USGS, 2002) . 
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Figure 3.1 The Equation to Calculate Root Mean Square Error 

In the above equation, Zj is the elevation from the DEM, Zt is the "true" known or 

measured elevation of a test point and n is the number of sample points. The RMSE 

statistic is essentially a standard deviation and is thus based ort the assumption that errors 

in the DEM are random and normally distributed (Wechsler, 2000). The RMSE tells the 

user how well the DEM corresponds to the data from which it was generated. The data 
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from which it was generated is the base data, and ultimately the data in question. This 

base data is primarily aerial photography that is photogrammetrically developed into 

contour data. The errors produced during that process are compounded with those in the 

DEM production process, and create a situation where ''true'' accuracy is unobtainable. 

Data collection in the field is the best way to approach higher accuracy within elevation 
" 

data. 
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Chapter 4. Methodology 

Past research pertaining to testing the vertical accuracy of USGS lO-meter DEM's 

utilizing the same methods described in this research was not found. The methods 

undertaken in this research entail utilizing two main technologies in order to test the 

vertical accuracy of USGS DEMs. A Global Positioning Systems (GPS) was used to set 

control in the field while Total Station survey equipment was used to collect surface 

characteristics of the surrounding terrain. This data was then post processed, gridded, 

and projected into a three dimensional model in order to compare to the original USGS 

DEM surface for the same area. The combination of these two technologies used in 

conjunction provides a new method for data analysis that originates from field data. 

4.1 Problem Statement 

GPS data collection techniques have been utilized in the past for accuracy 

assessments ofDEMs, but most have been resource grade or comparable handheld 

receivers (Clouet, 1997). Typically these researchers collected point data with the GPS 

receivers, downloaded and differentially corrected the points using continually operating 

base station data sets, and then compared those points to the DEM. It seems problematic 

to compare field collected point data directly to DEM data because a majority ofDEMs 

that are used for cartographic purposes are in a grid, lattice, or raster format. There are 

inherent points within the DEM, but these are grid comers etc. that make up the resulting 

data set. These X, Y ,z corner points are difficult to locate in the field and make it 

challenging to field check. 
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Figure 4.1 IO-Meter Pixel Diagram of Resource Grade GPS Error 

In a gridded raster OEM the pixel dimensions can be set to ten meters by ten 

meters. Resource grade GPS data, after post processing, can be accurate to plus or minus 

one to two meters. Depending on where that data point actually falls on the ground, it 

mayor may not affect the elevation value of the anticipated point on the earth, let alone 

the anticipated pixel. The point might be used to calculate the pixel elevation adjacent to 

the correct pixel (Figure 4.1). Collecting solely point data without generating a similar 

OEM grid surface from those points makes for a larger cognitive leap in hypothesis when 

attempting to assess accuracy within a pixel. It ' s difficult to make a realistic comparison 

when the data structures are different. Although the techniques and technology utilized 

by past researchers were consistent with the times, this research wishes to explore newer 

technology and field techniques available today in order to create a new elevation surface 

that can be compared to the USGS OEM (Figure 4.2). 
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The research methods consist of a fi ve-part process and will be outlined in thi s 

chapter in order to assist those wanting to compare techniques for further research. The 

fi rst is the fie ld site selection, next the GPS data collection, fo llowed by the total station 

survey, then the post processing, and lastly the analysis. 

4.2 Field Site Selection 

Four Level 2 7.5-minute USGS OEM quadrangles of the fi fteen covering the 

island of Oahu were included in the test. The quadrangle names are as follows: 

Honolulu, Koko Head, Mokapu, and Kahana. They are outlined in a red box below. 

Figure 4.3 The USGS Quadrangle Boundaries for Oahu 
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The quadrangles and vertical control points within them were chosen based on 

legal accessibili ty, ab ility to access on foot, and unobstructed view of the sky. This 

would insure the G PS enough air space to co llect sufficient satellite data. Quadrangles in 

East Honolulu were studied and no bias was placed on a specific topographic feature. 

Field site selection was consistent in nature throughout the project. While driving, if a 

field site looked to be easily and legally accessible, the site was used. When a 

satisfactory fi eld site became apparent, the fieldwork could continue. Unfortunately, thi s 

excluded areas of steep vertical terrain and other topographic features that were difficult 

to traverse on foot while carrying cumbersome fi eld equipment. This limitation is 

diffi cult to avoid, yet needs to be noted before continuing further. Six field sites were 

completed within the four USGS quadrangles on the island of Oahu (Figure 4.4), with 

two si tes falling in both the Honolulu and Mokapu quadrangles. 

Figure 4.4 Field Site Locations 
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In order to create a new terrain dataset for each field site, it was necessary to 

collect accurate data using the best equipment available. This data collection with both a 

survey grade GPS and a Total Station enabled a comparison between my terrain model 

and the USGS DEM. The goal of this comparison is to arrive at a conclusion regarding 

the underlying question driving this research; Does the I D-meter USGS DEM data on 

Oahu fall within the stated accuracy threshold upheld by the USGS? 

4.3 GPS Data Collection 

The field data collection included the employment of two types of field 

measurement equipment. The first type of equipment was a survey grade Global 

Positioning Systems (GPS) made by Ashtech Surveying Systems (Figure 4.5). 

Specifically, there were two data receivers utili zed in the process to allow for differential 

processing. One was set up as a base station over a known control point, while the other 

was a rover unit. 

Figure 4.5 Ashtech Survey Grade GPS Receiver 

Field work began by placing one GPS receiver on the roof of the Physical Science 

Building (PSB) on the University of Hawaii , Manoa campus. The GPS was set on a 
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tripod that was at a constant two-meter height. This was leveled and set up directly over 

a surveyed control point on the roof (Figure 4.6). 

Figu re 4.6 Base Station Locat ion on the Physical Science Building 

Figure 4.7 The Base Station PSB 3 Monument 
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The base station on the roofwas named Physical Science Buildfug 3 or PSB 3 (Figure 

4.7) Once the tripod was set on PSB 3 and leveled, the unit was started. When the 

receiver was running and collecting at least five satellites, the field site selection could 

begin. 

The field equipment included one Ashtech GPS with tripod, one Leica total 

station with tripod, and one prism with monopod. Once on site, the rover GPS unit was 

started and collected enough data to satisfy the centimeter accuracy of the equipment. 

The Occupation Timer feature of the Locus GPS takes into consideration the number of 

satellites, satellite geometry, distance from base station, and determines when enough 

data has been collected for that given baseline distance (Magellan, 1998). The receivers 

collect data to create a baseline measurement, or the physical distance between the 

instruments in the field. The two instruments are static receivers and were never moved 

during data collection. This increases the accuracy of the baseline length and also the 

accuracy and performance of the instruments. The longer the distance between the base 

station and the rover. the more time the two units needed to collect data. Average GPS 

data collection time was 90 minutes per field site (Magellan, 1998). When enough data 

to satisfy the distance condition was collected, the unit could be turned off and set aside. 

GPS accuracy depends on the observation window and configuration of satellites. 

The survey grade GPS unit must read five satellites at all times in order to compute its 

three dimensional position. These five satellites should not all be directly overhead or 

bunched together in any way. The best GPS signal is achieved when one satellite is 

directly overhead, and the other four are evenly spaced on the horizon. This creates a 

situation where the unit's positional accuracy is maximized. The survey grade GPS units 
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have the capability of obtaining centimeter accuracy. In order for this to occur, data 

collection techniques must be followed correctly at all stages. These include maintaining 

a consistent unit height, collecting data in an open area away from tall objects and/or 

buildings, maintaining at least five satellites to satisfy the receiver's requirements, 

collecting data away from tree canopy, etc. All of these conditions were met at each of 

the six field sites, and allowed control points in the field to be set for post processing. 

4.4 Total Station Survey 

Once the location of the control point was established, the total station was used 

to collect the elevation data to be gridded for OEM analysis. A total station is an optical 

instrument used to measure and calculate verticallhorizontal angles, distances, and the 

height difference from the instrument to survey points. It is a combination of an 

electronic theodolite (transit) and an electronic distance measuring device (EOM). These 

angles and distances are used to calculate the actual positions (X, Y, and Z) of surveyed 

points, or the position of the instrument in relation to control points. 

A total station has the ability to collect surveyed data directly into a digital 

database with five millimeter accuracy. Distances from the control point and distances 

between points are recorded within a spatial relationship system. These records are 

distances combined with horizontal and vertical angles. The theodolite within the total 

station measures the vertical angle from the horizontal plane, and the horizontal angle 

from true North. The EOM measures the distance from the sighting device to the target. 

This system incorporates the use of a prismatic reflector attached to the top of a field 

survey rod. The field survey rod must be vertical at the time dr llie shot in order to 
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preserve the accuracy of the data. A vertical survey rod and prism is necessary to 

accurately record the coordinates and elevation of each point, as a leaning prism actually 

is depicting a lower Z elevation and an offset X, Y point. These necessary procedures 

were followed at all six field sites. 

Figure 4.8 Leica Te 305 Total Station 

The Leica Te 305 Total Station was the second technology utilized in this 

research project (Figure 4.8). First, the total station was set up and leveled on the exact 

control point set by the GPS. This is done with the laser-guided plwrunet at the bottom 

of the total station and the internal digital-leveling device (Figure 4.9). The data set was 

encoded with a grid coordinate of 0.0 North, 0.0 East, and 0.0 elevation. This made it a 

floating point in the field relative to the starting point 0,0,0. The orientation was set by 

making a long di stance shot, three or more miles away to a recogn izable topographic 

feature, and zero ing the total station on that point. Post-processing techniques explained 

later adjust this floating point to real coordinates. 
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Figure 4.9 Leveling the Total Station 

Next, arrays of total station to prism shots were taken in the surrounding terrain. 

Shots were close to two or three meters from each other. The total coverage area for each 

site is listed in Table 4.1 below, 

Area (square meters) 
Field Site I 3600 
Field Site 2 6300 
Field S ite 3 3000 
Field Site 4 4800 
Field Site 5 10400 
Field Site 6 13500 

Table 4.1 Field Site Areas 

This equates to 60 to 70 OEM grid cells on the ground, per field site. The total 

station shots radiated from the control point (Figure 4.10). 
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Figure 4.10 Examples of Radiant Total Station Shots 

This coverage of Total Station shots blanketed the surrounding area. It should be 

noted that the radius of the Total Station shots was greatly limited by the surrounding 

terrain, sometimes hazardous footing, and man-made features. The purpose of the radial 

shots was to be able to depict a portion of the terrain in three diIhensions, and all efforts 

were geared toward safely collecting data. Once analyzed, these data will help to 

visualize discrepancies between datasets, and the geographic features that are the typical 

culprits. These features include coastal areas and transition zones between lowlands and 

up slopes. Both coastal areas and transition zones between lowlands and up slopes were 

included in the field sites selected. Areas of high relief were not included for obvious 

practical and safety reasons. 

Once all of the field data was collected, the total station was shut down. This 

! " 

marked the completion of one field collection day. The data then needed to be 

downloaded and processed. 
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4.5 Post Processing 

Two primary programs were used for downloading field data from the 

instruments: Leica Survey Office and Ashtech Solutions 2.40. Leica Survey Office is the 

download software for the total station. Two types of files must be downloaded at this 

time. One .dxf file that will be used for manipulation in AutoCAD and one .txt file that 

will list the field positions in a text file. Both files contain similar information, but in two 

different formats. After the files for each study site are downloaded and saved, the GPS 

data can be downloaded. 

Ashtech Solutions 2.40 is the software used to download the GPS field data. This 

download is done via infrared sensors built into the units. When this process is complete, 

the data can be viewed in the project manager. At this point, the raw GPS data has yet to 

be differentially corrected. The rover coordinate was then differentially corrected to the 

base station on the roof. The Ashtech software allows the user to select a datum, units of 

measure, and antenna height during download. The datum used during download was 

World Geodetic Survey 1984 (WGS84) because this is the default GPS format. The units 

are in meters, the rover GPS was always a static receiver, and the vertical rod height was 

a constant two meters on every survey. 

With the length (time) of data collection at each point, and the limited distance 

between the points, the accuracy was always within the 95 percent confidence level. 

Once the rover station point was corrected, it was entered in AutoCAD and the total 

station .dxf file. This.dxf file was opened in AutoCAD so that the orientation of the data 

could be set as well as the x, y, and z position of the rover station. 
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The long distance orientation shot that was taken in the field with the total station 

was taken at an angle from true north. The angle from true north was determined using 

the declination provided on the corresponding USGS quad map. This angle, coupled 
.:'," 

with the elevation of the shot in the field creates a trigonometric equation to solve for the 

true position in the field. Once this position was calculated and set, the x, y, and z value 

for the rover station was input. AutoCAD then assigns the appropriate x, y, and z for the 

remainder of the field points based on their position relative to the rover station. The .dxf 

file retains all of the positional relationships from the total station data. The z value data 

was then ready to be compared to the OEM. 

4.6 Analysis 
,! :' '" 

A variety of software was utilized to analyze the digital elevation data. These 

specific software processes, as all processing techniques described, inherently create 

uncertainty. Although largely unavoidable, the goal is to minimize the number of 

processing steps, or compounding uncertainty, to achieve the end result. The potential 

accuracy of the field collected data is greater than the highly interpolated USGS OEM 

data, so it is arguable whether the following processes will tarnish the relative quality of 

the analysis. The following analysis steps taken are intended to be one approach to 

comparing field collected elevation data to a USGS OEM. 

The first software package utilized was ESRI ArcGIS. This software package 

allowed the total station data to be geo-processed, gridded, and directly compared to the 

corresponding OEM. ArcMap and the Spatial Analyst extension were used during the 

analysis. The .dxf total station file and the OEM file were brought into ArcGIS and 
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overlaid. The USGS DEM grid structure is already IO-meters by IO-meters, so a 10-

meter by IO-meter grid was created out of the total station points in Spatial Analyst using 

inverse distance weighting (IDW). At this point, there were two grids depicting the same 

geographic area. Next, a subtraction between the two grids was completed within 

ArcGIS. The subtraction tool allows the exact geographic extent of the ten meter grid to 

be subtracted from the same extent of the USGS DEM. The geo-processing tool 

subtracts the 10 meter grid cells values present at the center of the cell. This generates 

values that can be used to quantify the amount of deviation between the two datasets. 

The statistical analysis of the elevation data was next. The goal was to generate a 

Root Mean Square Error (RMSE) value for the relationship between the USGS DEM 

surface and the total station DEM surface. This RMSE calculation differs from that of 

the USGS in that it calculates the deviation between two different data sources. The 

USGS RMSE calculation is essentially a test of the DEM against the contour data with 

which it was created. This is literally a test of the data interpolation and processing 

method used, and does not determine accuracy. 

In order to display the six field sites in their context on the island of Oahu, 

ArcGIS was also used to overlay the point data collected in the'fi61d with the 

corresponding USGS Digital Raster Graphic (DRG). This DRG graphic was set at a 

transparency with a hillshade of the USGS DEM data beneath to provide visual 

topographic relief. This provided context, a visual contour comparison for each field site, 

and provided a larger view of the surrounding terrain. 
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A second graphic was produced for each field site. This was an overlay of the 

total station points on the corresponding USGS 10 meter DEM grid cells. The values of 

the point data as well as the grid cells are demonstrated. 

For each field site a third graphical/visual analysis was needed. This aids in 

conceptnalizing the ArcGIS grids and demonstrates the z differences between the data 

sets. The two DEM datasets were projected on the same layout in a software program 

called Surfer. Surfer is a contouring and three-dimensional surface mapping program. 

Surfer is the final software package used in the data analysis. Thb same geographic 

coordinates bind these two surfaces. The surfaces were then oriented so as to capture the 

visual difference in z value, as well as the difference in surface detail between the 

surfaces. 
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Chapter 5. Analysis 

Field Site 1 

Figure 5.1 USGS DRG and Hillshade Context Image of Field Site 1 
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Figure 5.2 Total Station Po ints Overlaid on the USGS OEM 10 Meter Grid for Field Site 1 
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Field Data Surface 

DEM Surface 

Figure 5.3 Three Dimensional Models of the Field Collected Data Surface and the USGS DEM 
Surface For Fie ld Site I 
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Table 5.1 Statistical Analysis ofField Site 1 
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Field Site I is on the eastern portion of the island of Oahu and fell within the 

Koko Head quadrangle (Figure 5.1). The control point and all field collected data points 

are on an upslope portion of that terrain. The terrain is rugged with large rocks, boulders, 

and unkempt grasses. There are few buildings or developments in the area. Access is 

gained by hiking off of a main road with all equipment. This site could be characterized 

as a transition zone from mostly flat coasta1lands to steeper mountainous terrain. 

Figure 5.2 illustrates that both the USGS DEM and the total station points are 

following a similar trend. Even though the difference in z value varies from three meters 

to six meters in some areas between the two datasets, the trend shows increasing values 

as you move from the Southeast to the Northwest. The figure also shows how within a 

10-meter by 10-meter pixel, there can be an undulating terrain as depicted by the total 

station values. These undulations are not represented by the USGS DEM. It also appears 

that at this transition zone between the coastal flatland and the up sloped area, there is a 

lag in the USGS DEM's ability to pick up the gradual increase in slope. In fact the 

discrepancy between the datasets gets smaller in the Northwest section of the data. This 

is where the difference in z values goes down to three meters. In essence, the USGS 

DEM is 'catching up' to the field surveyed data as you move Wfu Southeast to 

Northwest. 

The three-dimensional images of both surfaces demonstrate this point (Figure 

5.3). The surface characteristics are nearly flat on the near comer of the USGS DEM 

surface, while the field collected data surface notes the gradual upslope. In the far upper 

comer of the USGS DEM surface, depicted in the darker shade of blue, we begin to see 

the datasets z values coming together. Needless to say, it's apparent that the surface 
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detail on the field collected data surface is more realistic and consistent with actual 

terrain. The small dips and peaks of uneven terrain are depicted while the USGS DEM 

appears to be a smooth gradual surface. 

When calculating the RMSE value of the difference between the two gridded 

surfaces, it should be noted that a majority of the 'Grid Z Difference' falls in the five

meter range (Table 5.1). This too could be attributed to the inability of the USGS DEM 

to pick up the subtle change in slope at this transition zone. Therefore a large area is 

grossly misrepresented. The field collected data surface also is higher in z value across 

the entire surface. This is expected considering there are few cCiritour lines near the road 

on Figure 5.1. The first minor contour line comes in at the upper edge of the field site. 

With an RMSE value of 5.227, this falls within the USGS DEM accuracy threshold. 
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Field Site 2 

Figure 5.4 USGS ORO and Hillshade Context Image of Field Site 2 
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Figure 5.5 Total Station Poi nts Overlaid on the USGS OEM 10 Meter Grid for Field Site 2 
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Field Data Surface 

Figure 5.6 Three Dimensional Models of the Field Collected Data Surface and the USGS DEM 
Surface For Field Site 2 
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5.2 Site 2 
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Field Site 2 is close to the center of Manoa Valley and fell within the Honolulu 

quadrangle (Figure 5.4). It is a large, grassy valley floor that had little vertical relief. It 

is considered a low relief site. The closest buildings belonged to a local grade school. 

Access was unobstructed, as you can drive up to the field and unload equipment on site. 

USGS contour lines are few and far between in this area, as the site is mostly flat. These 

areas of little or no vertical relief are problematic for creating contour maps and OEMs. 

It is difficult to interpolate elevations when there is little change in z value over a great 

surface area. Without a dense cluster of spot heights, most contour lines are highly 

interpolated and creates a situation where surfaces can be gros~IYmisunderstood. 

Figure 5.5 conveys the problematic nature of flatland areas. With little change, 

one meter in the z dimension, over the USGS OEM grid it is apparent that smaller 

changes in the surface are not represented. These smaller changes in elevation can be 

seen in the spot heights from the total station. Subtle changes in elevation are smoothed ' 

out during the creation of the USGS contours, and therefore are not present in the OEM. 

A five to seven meter discrepancy between the two datasets is also apparent. Although it 

can be argued that the discrepancy is due to a variety of factors, the lack of spot heights 
, 

in flatland areas is one of the more influential culprits. Essentially there is very little data 

to suggest that the contours should, in fact, be at the exact location that they reside. Was 

it the USGS techuicians' process of removing "puddles" in the OEM that removed 

certain surface characteristics? One cannot be certain without knowledge of how, what, 

and why the USGS techuician processed particular features. 

The surface characteristics are noticeably different between the three dimensional 

surfaces (Figure 5.6). The changes in z value across both surfaces are slight, yet the trend 
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in slope is not consistent. Slight changes in topography are noticeable in the field data 

surface, while the USGS DEM only conveys larger, more pronounced changes. The 

reasons for this could be explained in the same manner as described above, with most 

weight on a highly interpolated, low relief surface. 

The RMSE value of6.184, outside of the USGS threshold, summarizes these 

inconsistencies between the field collected data and the USGS DEM. Taking into 

account that both datasets are gridded, and therefore have interpolation built in, it is still 

an unacceptable error value. What can be derived from this field site is that datasets of 

the same area, with a similar gridded functionality, can be uuique in many ways. The 

process from which the surfaces were created plays a large role in the error value. While 

conceptnally the field collected data surface can be considered more accurate than the 

USGS DEM, there is a great deal of unavoidable interpolation that was built into the 

analysis process of creating the field data surface. The interpolation methods of the 

software programs utilized in this methodological approach to deriving DEM accuracy 

was not the goal of this research, but is an important topic for current and future research 

to explore. 
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Field Site 3 

Figure 5.7 USGS ORO and Hillshade Context Image ofField Site 3 
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Figure 5.8 Total Station Points Overla id on the USGS DEM 10 Meter Grid for Field Site 3 
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Figure 5.9 Three Dimensional Models of the Field Collected Data Surface and the USGS DEM 
Surface For Field Site 3 
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The third field site is on the up sloping northern side of Diamond Head within the 

Honolulu quadrangle (Figure 5.7). The site is covered in low scrub-type brush with 

large, scattered trees. There is a large neighborhood within a quarter mile of the area 

Access is gained by hiking a short distance from the neighborhood with all equipment. 

The terrain is rough, with large mounds and gullies. Diamond Head is a naturally 

occurring topographic feature that protrudes at a steep angle from the surrounding terrain 

and coastline. There are more contour lines present near this field site, than any of the 

other five sites. The presence of the contour lines plays a sigoificant role in the accuracy 

of the dataset, and is demonstrated by the small discrepancy in z values throughout the 

site. 

Figure 5.8 illustrates this. Similar to field site 1, the surface trend across the 

terrain is similar in the sense that the slope and general characteristics are consistent. The 

z values are decreasing from Southeast to Northwest. Although the z values between the 

two datasets are not identical, they are close in value. The field collected points are 

tightly clustered with a majority of USGS DEM grid cells having three or more points 

overlaid, therefore making the resulting interpolated grid calculations a valid approach to 

determining discrepancies. A closer look at the interior portion of the field collected 

points shows a decrease in z values that is not represented in the USGS data. This 

becomes more apparent when the points are gridded and compared to the USGS grid 

surface. 

The three dimensional model of the two gridded surfaces demonstrates the 

inconsistencies in surface detail between the datasets (Figure 5.9). The interior section of 

the field data surface shows a gully feature that is not represented on the USGS DEM 
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surface. Baring that gully feature, the two surfaces share a close resemblance. It is 

interesting to note that even though these two surfaces are highly interpolated from their 

base data, they are very similar, and their RMSE value of 1.839 confirms this. 

The grid z difference from Table 5.3 is helpful in explaining this point. With a 

large number of values falling in the sub-meter to one to two meter range, it confirms the 

close relationship between the two surfaces. One thing to note regarding the grid z 

difference values is that they are mostly negative. In other words the field data surface is 

lower than the USGS DEM surface. This is the only field site where this is true 

throughout a majority of the data, and could be attributed to the way in which Diamond 

Head was sampled by the USGS. 
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Field Site 4 

Figure 5.10 USGS ORG and Hillshade Context Image of Field Site 4 
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Figure 5.1 1 Total Station Points Overlaid on the USGS OEM 10 Meter Grid for Field Site 4 
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Field Data Surface 

OEM Surface 

Figure 5. 12 Three Dimensiona l Models of the Field Collected Data Surface and the USGS OEM 
Surface For Field Site 4 
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The fourth field site was in Portlock (Figure 5.10). It is a neighborhood on the 

side ofKoko Head, and falls within the Koko Head quadrangle. The site was in a park

like setting with mostly short grassland cover. The access to the site was made from the 

surrounding neighborhood. The sampled terrain included both a short, steep upslope and 

a longer low relief flat area. Although there is a steep upslope within the area sampled, 

the overall characteristics of the area can be considered a gradual incline from the coast 

to the end of the residential area shown in Figure 5.10. At that point, the slope is much 

steeper to the top ofKoko Head. 

The field site 4 dispersal of total station shots is indicated in Figure 5.11. Based 

on the somewhat evenly spaced total station points, the corresponding area on the USGS 

DEM below the points is a contiguous area. All 10 by 10-meter cells have at least two 

cells attached to their four sides. No cell is left hanging as an outlier with only one 

adjacent side, and possibly only one total station point nearby, constituting a well 

dispersed sample. 

The surface model created from the two datasets shows an interesting pattern 

(Figure 5.12). Both models show a general downward sloping terrain, but the DEM does 

not pick up the steep drop-off that occurs on site. It takes the DEM 30-meters to 40-

meters to make the same drop in elevation that the total station survey model does in 5-10 

meters. It appears that the breakline where the sharp change in slope occurs was not seen 

while the USGS was contouring the area. This lag in elevation loss creates a smoothing 

effect on the DEM surface model. This smoothing creates a situation where the actual 

real world slope value is lost. Runo~ flooding, and pooling analysis would all be 
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incorrect for this area because of the elevation lag. Excavation estimatious for 

construction purposes would also be drastically misleading if this dataset were utilized. 

This field site had the largest RMSE value ofall six sites at 7.017. The grid z 

difference values are in the five to eight meter range across the board. The amount of 

discrepancy between the two surfaces is apparent in Figure 5.12. The area of little to no 

slope is much larger in the field data surface, prior to abruptly sloping upward. The DEM 

surface begins to move up slope earlier as you move left to right in the image, therefore 

creating a larger area of discrepancy between the datasets. In fact, the flatter area on the 

field data surface is a baseball diamond. That area on the DEM surface is so sloped, that 

a baseball diamond would never be placed there. Possible reasons for this could be 

improper interpolation between contours on the DEM, or lack of necessary minor 

contours on the DEM. It is possible that this terrain feature is man-made and was graded 

after the DEM source data was created, but nevertheless it makes for a large amount of 

discrepancy between what is there today and what is depicted in their model. 
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Field Site 5 

Figure 5.1 3 USGS DRG and Hillshade Context Image of Fie ld Site 5 

61 



(values in meters) 
o Field CoIed.edData 

~Meters 
o 5 10 20 ~ 

Figure 5. 14 Total Station Points Overlaid on the USGS DEM 10 Meter Grid for Fie ld Site 5 
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Field Data Surface 

OEM Surface 

Figure 5.15 Three Dimensional Models of the Fie ld Collected Data Surface and the USGS OEM 
Surface For Field Site 5 
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Table 5.5 Statistical Analysis ofField Site 5 

The fifth field site was located near a beach town called Kailua, and felI within 

the Mokapu quadrangle (Figure 5.13). The field site was a coastal area with small 

elevation changes. The land cover was mostly sand, pavement, low grasses, and a few 

scattered trees. Access to the site consisted of driving the equipment on site and setting 

up. There are very few topographic contours shown near field site 5, in fact, there is one 
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on the Eastern side of the site and none on the Western side. Kailua Beach Park to the 

West of field site 5 does not have a single contour present. 

The proximity to the road, cars, and other man-made obstructions made it a 

challenge to collect data at this coasta1location. Figure 5.14 is irregularly shaped 

because of visibility obstructions between the total station laser and the prism. This 

creates a sitoation where more interpolation will occur between total station points. The 

total station z values on Figure 5.14 are very similar to the USGS DEM grid values 

underneath. When you look at the trend in z elevations, the spot heights generally follow 

the DEM grid values. 

This is confirmed on the three dimensional image, Figure 5.15, where the higher 

z values in the far comer noted in blue, are very close in proximity. AIl the topography 

moves down slope, there is a common trend between the datasets. The only apparent 

difference is the small bumps and dips represented in the field data surface. These were 

very small features on the terrain, with some of them attributed to sand dune features. It 

is not expected that the USGS DEM could pick up these small features, but it should be 

noted that changes over time to coastal terrain via wind or surf are not represented in the 

USGS ten meter DEM datasets. 

The RMSE value for this field site was the second lowest of the six sites at 1.822 

(Table 5.5). Most grid z difference values fall in the sub metet'tch meter range. 

Considering there are very few contours represented to the West of the field site, this 

lower RMSE value is interesting. There are very few changes in elevation on the site and 

so that lack of change could contribute to the accuracy between the datasets. This terrain 

is also so close to sea level, yet it is not represented as being below sea level in the USGS 
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DEM. That is an improvement over some of the USGS's earlier Levell DEM products 

where a number of coastal low lying areas were represented as being below sea level. 

. I ' . 
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Field Site 6 

Figure 5.16 USGS DRG and Hillshade Context Image of Fie ld Site 6 
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Figure 5. 17 Total Station Points Overlaid on the USGS DEM 10 Meter Grid for Field Site 6 
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Field Data Surface 

Figure 5. 18 Th ree Dimensional Models of the Field Co llected Data Surface and the USGS DEM 
Surface For Field Site 6 
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Table 5.6 

1.392 1.392 1 0.392 

1.216 1.216 1 0.216 

i 01 1'1el0 Site 6 

Sum of: 
Mean Square Error 

RootJlllOAn 

41.0n 
0.3n 
0.614 

The sixth and final field site was at Kualoa Regional Park and fell within the 

Kahana quadrangle. This site was sliglltly upland from the coast; and had few drastic 

elevation changes. The terrain consisted oflow glasses with sparse tree growth. There 
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were very few structures or developments within site of the rover point. Access to the 

site required a short hike with all equipment in hand. The field site is more than 200 

meters from the nearest USGS contour line and close to 400 meters from the nearest spot 

height as depicted in Figure 5.16. This is problematic, as it allows for acres ofterrain to 
. , .. - " , 

be highly interpolated, and in this case, set at a constant height of 1 meter (Figure 5.17). 

All of the USGS 10 meter grid cells are a constant height of one meter throughout 

the field site, not to mention almost the entire Regional Park. The total station spot 

heights in Figure 5.17 depict a different scenario. Although there isn't a great deal of 

elevation change across the site, there are some distinct topographic features. Toward the 

Eastem side of the dataset is a row of snb-meter elevations. This is a drainage canal that 

is not shown in the USGS DEM. Moving West from the canal, and further from the 

oceau, the total station heights gradually increase and do not say a constant height. This 

change in slope is not picked up for hundreds of meters within the USGS DEM. 

This field site had the smallest RMSE values as the majority of the grid z 

difference values fell in the sub-meter range. The RMSE value was 0.614. One could 

assume that, for the USGS, this is a successful representation of the earth's surface with 

this dataset. According to their map accuracy standards and RMSE threshold, this is true. 

Unfortunately this site is not a success for data users. If this data was used for any 

decision making andlor planning project, it could result in a detrimental outcome. Not to 

mention, it is rather difficult to find such a large, flat area that isn't a sports arena of some 

sort. What is the average data user left with regarding this site? They are left with 

unusable data that, nevertheless, still falls within the USGS standards. 
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Chapter 6. Conclusions 

The methodological approach to DEM accuracy, and the corresponding USGS 

10-meter DEM accuracy results are snmmarized below. Inaccuracies were found in 

transition zones between flatlands and upslopes, as well as valley floors. Field sites one 

and four provide examples of the transition zone discrepancies. Both sites visually and 

statistically demonstrate the inconsistency between the field-collected data surface and 

the USGS DEM. Not only were topographic details misrepresented by the USGS data, 

but the z value ranges differed drastically between the two datasets. Both sites are 

characterized by large, supposed flat coastal zones on one side with upslope mountainous 

terrain on the other. This leads me to believe that there are difficulties determining where 

the bottom of a slope is located. When you are dealing with sloVes, x, y error, in any 

direction, can create a large discrepancy in the z value beneath. 

The RMSE value for field site one was 5.227 meters, and therefore is deemed 

acceptable by the USGS standards. Meanwhile, field site four was unacceptable at 7.017 

meters. While site one generated one of the highest RMSE values of all six field sites, 

site four produced the highest RMSE value. This could be due to the fact it had the 

sharpest increase in slope. The USGS DEM did not pick up this sharp increase, 

therefore, a large area was misrepresented and smoothed within the IO-Meter data. The 

USGS RMSE threshold of 6.096 meters equates to half of a contour interval, or twenty 

feet. Regardless of whether or not the RMSE value of sites one and four fall within the 

USGS threshold, I believe these results necessitate a warning to data users to be cautious 

when using the 10-Meter data in transition zones. If errors consistently hover close to 
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the twenty foot mark, there is reason to be cautious. Further study into these specific 

zones of up-sloping terrain should be done to better understand the discrepancies found. 

Field site two presented interesting results, considering its location in a valley 
. '~ ,:t~' . ':" 

floor and lack of proximity to slopes. Although the absolute difference in overall z 

values was not drastic, the RMSE value of 6.184 meters was over the USGS threshold 

due to the difference in morphology of the two datasets. The breakline that is shown on 

both surfaces does not follow the same trend, and therefore creates a large area of 

conflicting results. There isn't a general trend in slope that is shared by both surfaces. 

The reasons for this could include incorrectly placed contour lines due to the lack of 

elevation change in the area, large amounts of interpolation between contours, and very 

few spot heights within close proximity. Also, considering thi~. j'ield site was in a park, 

this area could have been heavily graded and altered in order to assist in drainage, etc. 

This brings up an important point regarding human-induced change to 

topography. This project used highly precise measuring devices to check a dataset that 

was created using more crude techniques. Those techniques probably did not reflect 

detailed surface features correctly when originally created. In addition, if the terrain was 

altered in any way by humans since the original base data was collected, there is little to 

no reason why the field collected data should closely resemble the original data. 

Sloped areas, where contour lines are close together on'either side of the field site, 

provided more accurate results (Field Site 3). With an RMSE value of 1.839, this site 

falls within the USGS guidelines. This area is on a gradual up-slope, but is not in a 

transition zone. The contours on either side of the field site are at evenly spaced intervals 

so as to suggest a consistent slope. The three-dimensional models of the area show the 
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consistent slope between the datasets. There is less area between contours for 

interpolation to occur, and therefore, less area for surface changes to present themselves. 

Coastal zone areas, sites five and six, were not displayedas"being below sea level. 

This is an improvement in Level 2 10-Meter USGS DEMs when compared to earlier 

USGS DEM datasets. In fact the coastal datasets had the lowest RMSE values, with both 

falling within the USGS RMSE maximum value of 6.096 meters. Minimal elevation 

change over these coastal sites allowed less room for large z dimension error, and 

therefore produced the low RMSE values. Even though the RMSE values are low, the 

characterization of the true terrain surface was poor. Specifically, the entire drainage 

canal in field site six was not depicted in the USGS DEM. This could have major 

ramifications if the USGS DEM is used for flood or runoff studies: 

The overall area surveyed in this project totaled 41,600 square feet of terrain on 

Oahu. The selection of field sites was not geared toward specific numeric slope classes, 

and was not focused within a single quadrangle. Future research should look into 

narrowing the focus of the fieldwork to a single quadrangle, and numeric slope categories 

within that quadrangle. Also, future research should increase the field site area to include 

as much raw, untouched land as possible. Adding more coverage area, and especially 

area untouched by development, will help paint a clearer picture of how and why errors 

develop across a DEM surface. The ability to see, on a continuous surface, where the z 

discrepancies transition from a well represented surface to that of high uncertainty would 

be the next step in this research. This would aid in determining an overall quad accuracy 

statement in the z dimension. 
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In order to feel comfortable in making a confident statement regarding quadrangle 

accuracy, a variety of terrain types should be sampled over the ex tent of the quad. This 

means that one should select multiple classes of sites across a single quad, and at a 

minimum, survey three to four sites within each class. Classes could be four slope 

ranges, as depicted below in green 0%-10%, yellow II %-20%, orange 21 %-30%, and red 

31 % plus. Within a single quad, a slope map should be created. Then field sites should 

Figure 6.1 Slope Map of Honolulu Quadrangle Section 

be selected within each of the fo ur slope classes. The sites should be spread across the 

extent of the quadrangle, so that regions are not ignored. The slope map of the 

Southeastern portion of the Honolulu quadrangle depicted in Figure 6. 1 above 

demonstrates these slope ranges. Three or four sites in each of the four slope classes 

should be sampled to ach ieve a realistic general statistic of quadrangle OEM accuracy. 
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Coastal areas, flatlands, upslopes, and steeper slopes within the four slope ranges should 

realistically be sampled in order to obtain statistical accuracy. 

Similar to the USGS method, the RMSE calculation was the primary statistical 

analysis used in this project. The critical difference between the two is that this project's 

calculations are based on the difference between two different data sources, the USGS 

data and my field data. The USGS RMSE test only measures the variance between its 

own original data and its own interpolated data. This could explain why two of the six 

field sites did not pass the USGS standard RMSE test of 6.096 meters. Since the USGS 

does not have the budget to field test all OEMs, it is unlikely that these discrepancies and 

errors will ever be corrected within this data series. 

This research utilized two field mapping approaches to test the elevation, or z 

values of USGS OEMs. In doing so, there are inherent errors built into the technology, 

methods, software, and human execution of this research. While steps were taken to 

minimize the affect these errors had on the outcome of the study, errors are a necessary 

evil built into all research. After all data were collected and analyzed, the control point 

on the roof of the Physical Science Building, that PSB 3 was referenced to, was brought 

into question. This point was being used as a continually operating base station for Oahu 

GPS users, and was thought to be of high accuracy for many years. Historical accounts 

of how the iuitial control point was surveyed were questionable, and needed to be 

confirmed by this research group. After PSB 3 was re-surveyed with survey grade GPS, 

it was determined that it was shifted 2.4 meters to the West and 2.3999 meters to the 

South. This new point was then used to re-analyze a field site to determine if it had a 

large overall influence on the outcome of this z-dimension study. After processing was 
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complete, the discrepancy between the residual grid z differences was found to be 

negligible and therefore did not necessitate re-processing all field data. 

This brings up the topic of confidence limits regarding the location of the field 

sites in relation to the USGS DEMs. This involves the compounding error of the control 

point shift, GPS precision, total station precision, and orientation of the field site. Based 

on those variables, it is reasonable to assmne that the confidence limits of the field data 

are within 3.5 to 4 meters in the x, y dimension and I to 4 centimeters in the z dimension. 

This assmnes that the control point, in which PSB 3 was referenced, did not have an error 

in height. 

Both the survey grade GPS and the total station were highly useful and 

appropriate survey technologies for field data collection. Throughout the research they 

functioned properly and efficiently. The major limiting factor while doing the fieldwork 

was mobility. Carrying multiple tripods, data collectors, rods, etc. over long distances or 

steep terrain was not convenient. A downside to using the total station was that it 

required a second person to hold the prism, and therefore introduced another human error 

variable to the datasets. This potential error is minimal when compared to the precision 

of the instroment. The post processing and analysis of the field collected data utilized 

various software packages. These processes introduce a variety~r interpolation methods, 

calculations, and algorithms in order to project, grid, clip, etc. the three dimensional data. 

These goo-processing tools inherently create their own uncertainty, and researching their 

affect on data outputs is another important avenue for further research. 

The methodology undertaken in this project was based on field mapping methods 

and current three dimensional processing techniques. Although all methods of accuracy 
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analysis lend their own uncertainties, a reliable way to test temUn.datasets is to head out 

into the field and collect your own data using the most accurate equipment available. 

This project is a step in that direction. Lessons leamed and reco=endations to future 

researches, as noted earlier, will further increase the level of confidence in DEM 

accuracy statements. While new terrain datasets will continue to emerge in the future, it 

is essential that field methods continue to be a primary source of analysis. 

Map accuracy studies, and in this case, the methods utilized in the pursuit of 

finding inaccuracies in data, are an infinite field of study. The methods of researching 

and calculating inaccuracies in data are always changing. InacCi.iracy and uncertainty 

will always be present within data, and a universal approach to determining error has not 

been found. These inherent traits of datasets will not only further the pursuit of higher 

quality information, but also further the technology used to test that information. 
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Appendix: DEM Scanning Procedures 

1. Tum power on to the scanner. 

2. Place the DSC face side down with the north edge first into the scanner, aligning it to 

the left side. When you have it set press the colored bar on the top of the scanner to 

hold it in place. 

3. Select the icon labeled SCANSMITH SCAN . 

4. Enter map name in name field with the .rIc extension 

Scan Type = Line Art Image System Resolution = 800 dpi 

5. The only setting that you will change is the Basic Threshold: This will normally be 

around 180. The higher the number the lighter the line. You need to balance the line 

weight so the lines don't run together. You need to have separation but must be careful 

that you do not create unnecessary gaps. 

6. If you are not sure about the setting select the preview mode and you can scan back 

and forth and zoom up in areas to see if the settings are correct. You can also change 

the settings to get the correct one. When you have the correct settings select Scan 

7. After it has finished scanning it will let you review the scan. 

8. Window through and look at the heavy areas to see if any lines have merged and look 

in lighter areas to see if any lines have breaks. If you find lines that have merged 

together or a few lines are broken up you may want to adjust the Basic Threshold: 

setting and re-scan. 

9. When you have the proper scan set the speckles at about 3 and fill holes at about 4. 

10. When you are finished Save the file. 
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11. Export the finished FTP the file to the line-trace computer that you will be using. 

Select the FTP icon. Host Name is It4x computer that you are sending the file to, 

enter your User Id and Password. Then select the .. in the left field and select the 

directory which has the rlc files in it Select the file to transfer. In the right hand 

options select the .. then L T4X then import. This will select the proper directory on 

the L T 4X computer. Then select the -> icon, and the file will be FTP'd. 

12. !fyou are making a 10 Meter OEM you may have to do some raster editing using the 

SCANSMITH PREDATOR icon but normally this will be done on L T 4X. 
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LT4X PROCEDURES (For Iinetrace) 

1. Go to the scanner computer and select the FrP icon. Enter the name of the computer 

that you will be using in the Host Name area. Log in with your user name and 

password. Select the .. on the right side window select LT4X and then select import. 

Select the .. on the left window and select the Mike directory. Select the file you 

wish to transfer and then select the> icon. This will transfer the file to your 

computer. 

2. Log on and type It4x. 

3. Select the map_setup menu select create. If you are beginning a project you will 

have select the 0 option and enter a project name. Then you will enter the file name. 

This must be the identical to the file name that you transferred but without the .rIc 

suffix. 

4. Select the registration menu and select RegisJeo. Select the comer that you 

want and enter the coordinates in the Lat Long format (38/22/30.000 

121107130.000) 

5. Select the map_setup menu and select the edit header option and fill in 
the following items. 

econtour_interval = _______ _ 

·state = ------
adem_quad_name = (pALO ALTO, CA) 

.dem_smallescpci = ______ _ 

adem_source_units = 1 = feet, 2 = meters 

a dem_data_source_date = (date of photography) 

a dem_suspect void_flag = ___ 1 = suspect 
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6. Select the macros menu and select rasterin option. This will bring the raster file 

into the work area. Do a quick review and check for broken lines or other bad date. 

Rescan if needed. 

7. Then select the RegisJaster option and follow the instructions selecting the proper 

comer zooming in and registering the image. 

TO PREVENT LOSS OF DATA REMEMBER TO SA VB PERIODICALLY 

8. Select editJaster menu. You will need to clean the raster image before it can be 

vectorized. You will need to separate merged lines, connect any broken or missing 

lines, remove contour numbers and connect the lines and remove any extraneous data. 

You may want to do some cleaning after you have thinned the lines especially if you 

have supplemental contours. If you need to, use the command thin_lines 0 0, this will 

thin the lines to 1 pixel width. Then you can grow _spurs;' (* = number of pixels to 

extend a line to connect another line). You will have to experiment to find the best 

length. After growing spurs you will have to review again to connect the lines which 

did not connect. 

9. After the cleaning is complete, type in ras2vec2. This will vectorize the lines for 

tagging. 

10. Select label_contours menu and select geCatt_keys. Then enter contourset_ ww 

(** = the proper contour interval). 

11. Select atr_conturt. Key in the contour elevation of the first contour you will tag. The 
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center mouse key is the start key, the left mouse key is for tagging down hill and the 

right mouse key is for tagging up hill. Place the cursor next to the line you wish to tag 

and select center key and then go across the line and select the proper key (right up, 

left down). This will tag all lines that were crossed. You may tag as many lines up or 

down as long as they do not change directions or cross the same contour twice. 

Be sure to save about every 30 minutes so you do not lose data if there is a problem. 

12. When you have finished tagging, review to be sure you have tagged all lines, tops. 

13. To review the dem in D3D, select output_data menu and select demfreview. 

This will create a dem which can be reviewed in D3D. 

14. After all adjoining dems have been reviewed you can then add the drainage and 

adjoining edges and export the final demo 

15. To add the drainage select the hydro_set menu and select hy _on (if there is only one 

drainage plate) or hy _onl (if there was purple drainage or bther additional drainage 

plates). After the drainage has been added, if there are any large bodies of water that 

will require them to be leveled in D3D then you will have to tag the entire shoreline at 

an elevation 1 foot above the water elevation. 

16. Select registrution menu and select edge_maps select 2 (replace all .... ) then select 

add_edgemaps. This will add the additional maps for better joins in D3D. 

17. To export the finished dem select macros menu and the demfoutdc_lO. 

Enter the information asked. 
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D3D PROCEDURES 

1. Log on to the workstation and type in d3d. 

2. In the File menu select open. If you are starting a new project select 1 and enter 

the proj ect name. If you are not then select the proper proj ect. 

3. Enter the file name. (man01.dem) if you are going to do the fina1 D3D editing or 

(manOlr) if you are only going to review the demo Then select the proper file from 

the listing. If you are reviewing the dem look for snakes, holes, spikes or any 

unusual features that look wrong or out of place. Note them so you can go back 

to LT4X to check and correct the tagging in those areas. If everything is correct be 

sure all of the adjoining dems have been reviewed and are also ready for the final 

editing. Then go to the next step. If you have to re import the file you mnst delete the 
, , 

current file before you bring the new file in. 

4. Key in units 1 2. This will put the units in feet so they will be the same as the paper 

map. 

5. DEM HEADER: From the File menu select edit header. This will put you in the vi 

edit mode so you can add information in the header. Check all data already in the 

header and add the additional items: 

e dem_revision_date = 2001 (Current year) 
e dem_revision_flag = I 
e dem_ validation_flag = 5 
e dem_suspect void_flag = _ (1= suspect, 2= void, 3= suspect & void) 
edem_edge_match_ w= _(1= edge match joined) 
edem_edge_match_n = _ (2= incompatible source) 
edem_edge_match_e = _ (3= no edge to join) 
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edem_edge_match_s = _ (4= vertical units bit compatible no join) 

6. WATER BOOmS: From the File menu select import, moss (select proper file), 

color of lines, utm coord, 1 (feet), 2 (poly). This will place the water bodies over the 

demo From the EdiC General menu select elev _set then key in the proper elevation. 

Place the cursor inside of the lake and press the right mouse button to level the water. 

Repeat the elev _set procedure on all remaining water bodies. 

7. EDGEMATCH: In the Edge match menu select show_edges, then select 

elev _edgmtch and hit enter to default through all 4 options. Place the cursor on one 

of the edges and press the center mouse button, this should highlight the edge. Key 

the right mouse button, which will then smooth the edge, do the remaining edges in 

the same manner. Then select hide_edges. Then SAVE. 

8. EDIT PUDDLES: In the Edit_Puddles menu select mark-puddles (the areas which 

form puddles will show up in red). Check the puddle areas against the map for 

depressions, road fills, lakes or other valid areas where puddles could occur. If there 

is a valid reason for the puddles select draw -poly and draw a polygon around these 

areas making sure that you enclose the 'red' area completely. When you have enclosed 

all valid puddle areas draw a polygon around the entire demo Select elev 3llpudI, 

place the cursor inside the large polygon but not inside of one of the valid puddles 

and click the right button. This will correct all invalid areas. Select Marks menu and 

erase_mark. This will erase all marks from the image. SAVE. 

9. RMSE: Tape the paper map on the digitizing table. In the File menu select 

registecdig. You should hear a 'beep' from the digitizing table. Using the digitizer 
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mouse register the proper comers as instructed using the "0" key on the mouse. The 

rmse error should be less than 20. If it is over then retry. After the map has been 

registered select ginput - a dig. This activates the digitizer mouse. Next you select a 

minimum of28 points (30+ would be better) to check the RMSE. Try to select points 

where the contours are not too steep (a little error in the cursor could make a large 

difference). Select points along the sides, top, bottom, and randomly in the interior. 

To place points for the select the "C" key on the mouse then key in the correct 

elevation and hit the Enter key twice. Place the cursor on the point and hit the "0" 

key. If you have other points with this same elevation you can place the cursor and hit 

the"O" key. To continue on hit the "C" key each time you wish to change the 

elevation. If you make an error hit the "E" key then the "I" key this should highlight 

the point then hit the "0" key to delete the point. After you have enough points hit the 

fit (ginput mouse) key on the keyboard to exit the digitizer. Select the do_rmse in 

the File menu. This calculates the RMSE. Hit the fI 0 key (printJeg) to check what 

the RMSE, It will be near the center of the screen in a line C5 [3] 1 where 1 

equals the RMSE the next line C6 = 30 30 equals the number of points. SA VB. 

10. In the WriteJ)em menu select export_demo Hit the Enter key twice to select the 

default values. This will export the dem in a database format. 

j " 
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D3D PROCEDURES VALIDATION 

1. Log on and start the program by typing d3d. 

2. Select open. Follow the instructions and create a new project directory if this the 

first job in the project. Then enter the dem name for the demo 

3. After the area has been created select o. This brings the names of the OEM's in 

the import directory. Select the proper OEM. 

4. Select header and check the following items. 
6. dem_qua'Cname = Quad name in CAPS. STATE..(SJwith-between 

states. 
9. dem..Jlrocess_code = 5 
11. dem_mapping_center= WMC 
12. dem _level_code = 2 
15. dem_smallest-pci =_Contour interval of the map 
16. dem_source_spLunits = _1 = feet, 2 = meters 
17. dem_data_source_date = _ Date of oldest photography 
18. dem_revision_date = __ Current year 
19. dem_revision_flag = _1_ 
20. dem_validation_flag= 5 
21. dem_suspect_void_flag = _ 0 = NONE: 1 = suspect area: 2 = void 

area: 3 = both 
22. dem_vertical_datum = 2 
23. dem_horizontal_datum = 1 

Hit ESC to get back to main area 

5. Select view 3 and put the cursor in the upper left portion of the image and click 

the left mouse button. This will zoom into the area. Check for visual errors. 

Place the cursor in the right part of the lower scroll bar and click the left mouse 

button to scroll through the rest of the image. On large water bodies that require 

leveling place the cursor in the water area and click the center mouse button. This 

will give you an elevation. Select several areas in the water to be sure it has been 
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6. 

leveled at the proper elevation. 

Select print]eg (fit) check items: 
c5 this should be less than 112 the contour interval 
c6 this must be greater than 28 

Hit ESC to get back to main area 
" , 

7. Place the map on the digitizing table and tape it down so that it will not shift. 

8. Select register_dig. This will let you register the map on the digitizing table. 

Follow the instructions as to which comers to select. Select the comers by 

putting the cross hairs of the cursor on the proper tick and pressing the 1 key. 

Do a114 ticks and it will calculate your RMSE. The error must be less than 30 

meters 

9. After registering the map select at least 28 points across the entire map to be 
'\'. 

checked. Press the C button on the cursor. This will let you enter the 

elevation of the point in on the key board. After entering the elevation hit 2 

carriage returns. Place the cursor crosshairs over the point ant hit the 1 key. If 

you have the same elevation on other points you can continue to measure the 

points by using the 1 key. If you make an error and need to delete a point hit the 

E button then place the crosshairs on the bad point and hit the 0 key (this selects 

it) then the 1 key (this will erase it). When you are ready to do a new point with a 

different elevation you will have to hit the C button and then enter the new 

elevation and continue on until you have measured all of the points. When you 

have finished select the 110 (ginput mouse) key on the keyboard so you can use 
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the keyboard. Then select do _ rmse, this will calculate the RMSE of the points. It 

must be less than 112 the contour interval. 

10. If you must return to the digitizing table select the ginput -a dig item. 

11. When you are finished with your evaluation, fill out the DEM form in 
Framemaker. . , 
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