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Dissemination of geographic technologies to various 

application areas have resulted in people without adequate 

spatial background manipulating these technologies. This 

thesis will set forth a process for increasing the data 

quality in projects for anyone who implements these 

procedures. It includes documents that are designed on the 

basis of Metadata Content Standards to extract pertinent 

information. The process also implements the semi-autonomous 

work group for these projects. It brings people of different 

strengths into one cohesive work unit while expanding the 

knowledge of each and allowing for dispersal of information in 

an efficient manner. 

iv 



TABLE OF CONTENTS 

SIGNATURE PAGE .............................................. ii 

ACKNOWLEDGEMENTS .......................................... iii 

ABSTRACT .................................................. i v 

TABLE OF CONTENTS .......................................... v 

LIST OF FIGURES ........................................... ix 

LIST OF TABLES ........................................... xii 

CHAPTER ONE: INTRODUCTION ................................. 1 

1.1 Preface ............................................. 1 

1.2 Thesis Objectives .................................. 5 

1.3 Thesis Organization ................................ 8 

CHAPTER TWO: LITERATURE REVIEW ............................. 12 

2.1 Management and Project Concepts to Enhance 

Data Quality ..................................... 12 

2.2 Documentation to Keep Data Organization ............ 15 

2.3 Data Standards Should Be Maintained ................ 27 

2.4 Data Quality Issues Pertinent To an IGIS Project ... 31 

2.5 Important Data Quality Issues of Positional and 

Attribute Accuracy ............................... 38 

2.6 Data Quality of Aerial Photo Interpretation ........ 41 

v 



2.7 Pros and Cons of Digitizing and Scanning ........... 45 

2.8 Concept of Mapping from Aerial Photos .............. 49 

2.9 Final Quality Assurance Can Be Manual or Automated.50 

2.10 Summary ........................................... 53 

CHAPTER THREE: METHODS OF MANAGING DATA QUALITY IN AN IGIS 

PROJECT ................................... 55 

3.1 Research Methodology Introduction .................. 55 

3.2 Using the Metadata Content Standards To Enchance 

the Data Quality ................................. 57 

3.3 Metadata Content Standards to Support Documentation 

and Project Organization ......................... 60 

3.4 Phase One Documentation and Organization ........... 61 

3.5 Phase Two Documentation and Organization ........... 67 

3.5.1 Aerial Photo Interpretation Documents and 

Recommendations ........................... 68 

3.5.2 General Quality Assurance and Quality Control 

Recommendations ............................. 76 

3.5.3 Data Conversion Methods of Digitizing and 

Scanning .................................... 7 8 

3.5.4 Edgematching and Joining of Coverages ....... 89 

3.5.5 Additional Documentation of Importance ...... 90 

3.6 Phase Three Documentation .......................... 92 

Vl 



3.7 Semi-autonomous Work Setting As a Candidate for 

an IGIS Project .................................. 95 

3. 8 Summary ........................................... 97 

CHAPTER FOUR: LESSONS LEARNED FROM THE SOUTH FLORIDA WATER 

MANAGEMENT DISTRICT PROJECT ................ 99 

4.1 General Project Information and Overview ........... 99 

4.2 Metadata Content Standards Not Implemented In This 

Project ......................................... 102 

4.3 Information Garnered From the Documents ........... 103 

4.4 Review of the Documentation ....................... 110 

4.4.1 Phase One: Analysis/Study Phase ........... 111 

4.4.2 Phase Two: Design/Project Specifications .. 114 

4.4.3 Phase Three: Final Deliverables .......... 125 

4.5 Semi-Autonomous Work Group As a Problem Solver .. 126 

4. 6 Summary ......................................... 129 

CHAPTER FIVE: DATA QUALITY TOOLS: METADATA CONTENT 

STANDARDS, DOCUMENTATION, AND SEMI-

AUTONOMOUS WORK GROUP ..................... 131 

REFERENCES: .............................................. 138 

APPENDIX I: ORIGINAL DOCUMENTANTS ....................... 142 

APPENDIX II: SOUTH FLORIDA WATER MANAGEMENT DISTRICT PROJECT 

DOCUMENTATION .............................. 143 

vii 



Figures 4.4 thru Figures 4.30 ... . II-1 to II-27 

Protocols ................................ I I- 2 8 

viii 



LIST OF FIGURES 

Figure 1.1: Integrating the Three Fields of Cartography, 
Remote Sensing, and Geographic Information 
Systems ........................................ 3 

Figure 2 .1: Gantt Chart .................................... 19 

Figure 2. 2: Data Dictionary ................................ 25 

Figure 2.3: Martin County Data Dictionary .................. 26 

Figure 2.4: Example of an Error Matrix ..................... 41 

Figure 3.1: General Project Flow Chart ..................... 66 

Figure 3.2: Aerial Photo Interpretation Flow Chart ......... 69 

Figure 3.3: Digitizing Flow Chart .......................... 79 

Figure 3.4: Scanning Flow Chart ............................ 80 

Figure 4.1: Project Gantt Chart ........................... 113 

Figure 4.2: Flow Chart For Lake Okeechobee Melaleuca 
Database Creation ............................ 115 

Figure 4.3: Flow Chart For Lake Okeechobee Vegetative 
Database Creation ............................ 116 

Figure 4.4: Photo Interpretation Flow Chart ............. II-1 

Figure 4.5: Photo Interpretation Quality Assessment ..... II-3 

Figure 4.6: GIS Digitizing Flowchart .................... II-4 

Figure 4.7: QA/QC Flow Chart For GIS .................... II-5 

Figure 4.8: Vegetation Photo Interpretation Flowchart ... II-6 

ix 



LIST OF FIGURES (cont.) 

Figure 4. 9: Scanning ...................... . ............. I I- 7 

Figure 4.10: Transfer to UNIX ................ . ........... II-8 

Figure 4.11: Creating GRID ............................... II-9 

Figure 4.12: Opening a GRID in Preparation for Tracing ... II-10 

Figure 4.13: Tracing From a GRID ......................... II-11 

Figure 4.14: Cleaning a Coverage ......................... II-12 

Figure 4.15: Edit a Vector Coverage ...................... II-13 

Figure 4.16: Clean and Build a Vector Coverge ............ II-14 

Figure 4.17: Change Edit Feature on Vector Coverage ...... II-15 

Figure 4.18: To Access Command Line ...................... II-16 

Figure 4.19: Adding TICS to a Vector Coverage ............ II-17 

Figure 4.19: Deleting Computer-generated TICS ............ II-17 

Figure 4.20: Add an Attribute Label Item ................. II-18 

Figure 4.21: Labeling the Vector Coverage ............... II-19 

Figure 4.22: Labeling Vector Coverage ................... II-20 

Figure 4.23: Transforming a Coverage .................... . II-22 

Figure 4.24: Transfer Files from UNIX to PC .............. II-23 

Figure 4.25: Add VEGCLASS to the Coverage ................ II-24 

Figure 4.26: Edgematching Two coverages ................. II-25 

Figure 4.27: Append Coverage ........................... II-26 

X 



LIST OF FIGURES (Cont.) 

Figure 4.28: QA/QC Appended Coverage ..................... II-27 

Figure 4.29: Correct Errors in Coverage .................. II-28 

Xl 



LIST OF TABLES 

Table 5 . 1: Comparison of Information Gathered by 
Documentation .......................... 132 

xii 



1.1. Preface 

CHAPTER ONE 

INTRODUCTION 

It has been a long time since geography was just the 

study of locational facts and figures. The fact that Brazil 

is located in South America and exports bananas is only a 

minute portion of the type of information that this field 

offers today. Geography has taken on a heterogenous nature 

encompassing many fields. Arild Holt-Jensen (1988) maintains 

that 11 the work of geographers involves several types of 

phenomena, each already studied by another science 11 (p. 5) . 

With the intorduction of remote sensing and geographic 

information systems (GIS) , geography has expanded to be more 

closely related to geology, history, culture, or even 

business. The facet of geography that I will deal with in 

this research pertains to its association with these other 

areas of geographic information. These areas might include 

the environmental issues of locating wetland, the engineering 

problem of planning a new road, or the business question of 

finding the optimal location for a new store. It is spatial 
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information used by varied fields, with varied interests, 

using varied data. Just as geography has entered unforseen 

territory, so too have the geographic technologies of 

cartography, remote sensing, and geographic information 

systems (GIS). Cartography is the "set of skills and body of 

theory needed for the mapping process" (Clarke, 1990, p2). 

Remote sensing or "the gathering of information at a distance 

from the subject to be studied" (Campbell, 19987, p.2) is the 

technology that uses aerial photo interpretation, satellite 

imagery, and computer technology to garner geographic 

information. Finally, GIS as defined by one of the leaders in 

this industry, Environmental Sytems Research Institute (1990), 

is an "organized collection of computer hardware, software, 

geographic data, and personnel designed to efficiently 

capture, store, update, manipulate, analyze and display all 

forms of geographically referenced information" (p 1-2). 

These technologies have evolved as common tools for the same 

diversity of interests, ie. geology, business, etc. 

As these three fields develope, they are becoming more 

and more intertwined. They have established a symbiotic 

relationship with one inputting valuable information to the 

other and back again via the ever evolving use of computers. 
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Over the past few years, the idea of integrated GIS (IGIS) has 

been applied to these geographic technologies. IGIS, as 

described by Edwards (1992), consists of data conversion, data 

transfer between raster and vector information, image 

processing software, among others. This research will deal 

with the afore- mentioned technologies under the IGIS heading. 

Dobson (1993) sees an IGIS as the "technical ingegration of 

image processing and geographic information systems" (p. 

1491). This combination of cartography, remote sensing, and 

GIS (Figure 1.1) allows for a constant back and forth flow of 

information, one assisting the other, providing a dynamic 

environment for spatial information and decision making. 

I 
I 

/ 
I 

/ 

CARTOGRAPHY 

\ 
cr~ 

Figure 1.1 INTEGRATING THE THREE FIELDS OF CARTOGRAPHY, REMOTE 
SENSING, AND GEOGRAPHIC INFORMATION SYSTEMS. 

"The integrated use of remote sensing a nd GIS methods 
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and technology can not only improve the quality of geographic 

information but also enable information previously unavailable 

to be economically produced" (Aronoff, 1993, p.100). When 

these technologies make spatial information readily available, 

we have to address the fact that non-geographers are using the 

information and technology for decision making in their 

respective fields of expertise. These instruments are being 

applied by people with backgrounds in business, biology, 

engineering, etc. The following example will illustrate this 

point. 

The Real Estate Research Department of Blockbuster 

Entertainment Corporation 1s using remotely sensed aerial 

photo interpretation (API) as a method of inputting 

information to a GIS for locating the most marketable areas of 

their new video stores and entertainment complexes. Ms. Janet 

Bowman, manager of this department, reports that her 

background is in marketing and that others in this department 

have business degrees, yet their work constantly involves 

working with an Atlas GIS system, remotely senses data, and 

maps (Bowman, 1995) . When Blockbuster, a multi-media 

entertainment corporation, finds an IGIS to be viable in its 

Real Estate Research Department, it can be stated that these 
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technologies are being accepted by a wide spectrum of users. 

This diversity of interests raise new questions 

concerning the applications of these technologies. How can a 

manager with a business degree use these technologies for 

designated projects? Can this person get the maximum 

potential out of these systems without being a trained 

geographer? What pertinent information is needed to gain the 

optimal data quality thereby enhancing the end product? It is 

the purpose of this research to show the how's, why's, and 

what's in the management of an IGIS project, but it is mainly 

to present a concept for enhancing data quality. 

1.2. Thesis Objectives 

The intention of this research is to illustrate how the 

use of the Content Standards for Digital Geospatial Metadata 

(hereafter, the Standards) to develope project documentation 

can assist managers of an IGIS type project to achieve an 

acceptable, if not increased, level of data quality. These 

standards were developed by the Federal Government Geographic 

Data Committee 1n an effort to (FGGDC, 1994a) : 

* use common prodecures and standards to facilitate 
sharing of datai 
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* maintain an organization's internal investment of 
geospatial data; 

* provide information needed to process and interpret 
data to be received through transfers from external 
sources. 

Because it is composed of an information heirarchy, it is this 

author's hypothesis that the depth of information recovered 

from a project by using the Standards to develope documents 

can be a measure of the project's data quality. 

The body of work that will be presented offers a concise 

directive of how managers can illicit the pertinent 

information needed for these IGIS projects using the Metadata 

Content Standards to develope their documentation. It will 

set forth records and protocols that are designed to garner 

important project information and maintain the data flow 

through the life cycle of a project. The documentation allows 

for the recording of all necessary data, follows that data 

through its various manipulations, and serves as a tracking 

mechanism for the work performed on that data. Protocols for 

mapping, data conversion, quality assurance and quality 

control (QA/QC), coverage joining, and final verification of 

data accuracy are designed to maintain consistency throughout 

the project. These works are a basis for keeping track of 

data quality at its highest possible level. 
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Due to the varying nature of data quality for mapping, 

aerial photo interpretation, satellite imagery, data 

conversion, and QA/QC, it is necessary to keep the 

documentation and protocols at a generic level . The needs of 

each project have specific information associated with it and 

it is not the intention of this study to present a "cookbook" 

for all data required. Rather, this work will be a macro 

documentation view of enhancing data quality of a project from 

a management perspective via the use of the Metadata Content 

Standards to develope these documents. 

This Metadata Standard is also addressed because without 

a regulated way of reporting the data, communication will 

break down and data integrity will be in question. An example 

of this break down is the definition of a wetland entity. In 

various projects, it may be defined differently by a developer 

who wants to build on it or an environmentalist who wants to 

preserve it. Consistency and coherence is maintained with 

the use of these guides so the wetland definition will be 

consistent to different projects. 

This writing will establish that the semi-autonomous 

work group, as defined by Ken Eason (1988) in his book 

Informational Technology and Organizational Change, is an 
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asset to problem solving and information sharing, while 

decreasing data redundancy. An autonomous work group consists 

of "large tasks assigned to a group of staff who are given 

sufficient autonomy to allocate the component tasks among 

themselves" (Eason, 1988, p.117). The author will use this 

concept to illustrate the effect of good information flow 

between personnel as a consistent way of performing needed 

tasks. The end result will be a decrease in the loss of 

important information, increased efficiency, and correct 

interpretation of the data. As documentation and protocols 

are the basis for maintaining data quality at its highest 

level, this management technique will be illustrated to be the 

support system for the project. If the support structure 

breaks down, the information breaks down and the project 

breaks down. 

1.3. Thesis Organization 

The next chapter illustrates the manager's changing role 

and defines the "semi-autonomous" work setting. Three phases 

of documentation and their developement are analyzed with 

pertinent information to each phase and how it will affect the 

quality of the end product. 
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The Metadata Content Standards is defined. 11 What it is II 1 

11 how it is used 11
, and 11 what can be done with it 11 are examined. 

Once this standard is understood, it can be used to develope 

the documentation for Harper 1 s (1980) three phases. With the 

documentation designed, it serves as the basis for the 

assessment of a project 1 s data quality. 

General Data Quality issues (informational and 

cartographic) of accuracy, completeness, timeliness, and 

integrity continue the discussion, as will a few words 

regarding positional and attribute accuracy. Data quality 

issues identified with aerial photo interpretation and 

satellite imagery, components of remotely sensed sources, are 

discussed with a focus being on aerial photo interpretation. 

This leads to statements on the advantages and disadvantages 

of digitizing and scanning as data conversion methods. 

Management needs to keep in mind these data quality issues 

when deciding how to execute a project. 

Chapter Three examines the methodology used to employ 

these principles in an ideal IGIS project setting. The 

management, documentation, and data quality concepts are 

illustrated as this author documents a step-by-step study of 

how a project 1 s records should be initiated, designed, and 
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concluded. The three-phase documentation method is developed 

using the Metadata Content Standards as a guideline for 

designing the project specification documents, protocols, work 

flow charts, and daily records. Examples of these original 

documents are presented and compared to the previously 

developed records for a project outlined in Chapter Four. 

Chapter Four discusses an IGIS project that was 

undertaken by Florida Atlantic University (FAU) in conjunction 

with South Florida Water Management District (SFWMD) . It is 

a venture that was designed to create a database for melaleuca 

growth and vegetative classes on Lake Okeechobee, Florida. 

Since this project was initiated only three months after the 

Metadata Content Standards was published by the government, 

its' documentation was not designed with the Standard in 

mind. This makes them a viable tool for comparison. 

Problems that arise in any IGIS project will be mentioned 

with suggestions regarding their solutions. The semi-

autonomous work system illustrates how these problems can be 

resolved in a timely and efficient manner. 

Chapter Five, the Conclusion, contains a comparison of 

the original documentation developed with the Metadata Content 

Standards as the foundation and the documentation for the 
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South Florida Water Management District IGIS project. 

Comparisons between the two sets of documents show that the 

documentation formulated with the Metadata Standards draws a 

greater depth of data information. 

Appendix I contains the original record designed for 

aerial photo specification document, work flow charts, 

protocols, and forms developed for each stage of the proposed 

IGIS project. Each record was developed with the 

understanding that it would extract an optimal amount of 

information pertinent to the metadata file therefore, 

increasing the project's quality. 

Appendix II contains the reproduction of documentation 

developed for the joint FAU and SFWMD venture. They are used 

for comparisons with the original documents found in Appendix 

I . 

It is proposed that these tenets of management, 

documentation, and data quality along with the Metadata 

Content Standards will keep a manager informed of the 

important geographic information needed to maintain a high 

quality of project management needed for any IGIS work 

involving aerial photography, mapping, and GIS. 
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CHAPTER TWO 

LITERATURE REVIEW 

This chapter serves to inform the reader of the varying 

concepts that affect the data quality in an integrated 

geographic information system (IGIS) project. These concepts 

include the manager's role in the project, the documentation 

design, and data standards to be maintained. It deals 

with the data quality issues of each of the technologies 

involved in this type of project. They include data quality 

issues of completeness, timeliness, accuracy, etc. as well as 

the topics of cartography, remote sensing, and GIS. This is 

done 1n an effort to inform the reader of the various 

components of data quality that will affect the project 

whether the reader has a geographic background or not. 

2.1 Management and Project Concepts to Enhance Data Quality. 

Management of an Integrated Geographic Information System 

(IGIS) project differs from other informational technology 

projects 1n the respect that it involves personnel with 
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different areas of expertise who have come together to work 

for the same end or final product. For this same reason, the 

dynamics of the project itself needs to be different from an 

ordinary venture . 

The management concept that this author perceives to be 

of importance to an IGIS project is known as the "semi-

autonomous" work group. As previously defined, this is "a 

large task being assigned to a group of staff who are given 

sufficient autonomy to allocate the component tasks among 

themselves" (Eason, 1988, p. 117). This is an effective 

method of bringing people with different strengths into one 

cohesive work unit. 

Due to the diverse nature of an IGIS project, people with 

skills in biology, engineering, business, etc., are members of 

this work group. Information and technology from each field 

are drawn into the task of compiling data for the final 

product. Rebecca Somers (1994) writes that these positions 

are filled with people who are doing the production and 

application functions in a non-GIS setting. She states that 

they can be provided with extra training in the technologies 

that are lacking. According to Naisbitt et al. (1989), "the 

vertical hierarchy is giving way to the horizontal team where 
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people from different disciplines work together on a common 

goal" (p. 3 9) . The primary effect of this horizontal team is 

that each individual is able to contribute his own expertise, 

thereby empowering that someone to lead in the specific areas 

of the project where his strengths lie. "The required skills 

are available when needed to interpret information and to 

contribute to a solution derived from this team work" 

(Benwell, 1993, p.230). A second benefit is the expansion of 

knowledge in the varying aspects of the project that each 

participant will gain (Garfield, 1986) . 

The general consensus regarding this type of work 

environment are two-fold. Eason (1988) points out that there 

is positive motivational effect on the personnel in the 

following respect; 

* Significant and visible contributions are perceived. 
* Allows feedback on performance. 
* Allows self-control of work. 
* Increases individual knowledge via cross training. 
* Accessability of back-up support system. 
* Increased job satisfaction. 

Each of these traits makes for a motivated and satisfied 

member of the group and each will feel an increased quality of 

their work life. 

The second positive effect is on the project itself. 
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Naisbitt et al. (1989) reports that this semi-autonomous work 

group creates an intellectually stimulating environment 

conducive to problem solving and ideas, flexibility for 

changing jobs and roles, and quick and effective information 

flow. 

What is the manager 1 s role in this new work group? 

While the role of coordinating the team effort and, 

ultimately, making final decisions still resides with the 

project manager, that role has taken on a new dimension. The 

main focus of leadership in this work structure is that of 

team builder and motivator (Naisbitt, et al, 1989). He states 

that "manager 1 s new role is that of coach, teacher, and 

mentor" (p. 52) . For this "new role", the manager has to be 

able to delegate in order to empower others. 

confidence and encourages educated risk taking. 

This builds 

"Power given 

is power gained" (Garfield, 1986, p.170). Garfield indicates 

that the resulting empowerment increases confidence and 

productivity of the personnel involved in the project. 

2.2 Documentation to Keep Data Organization. 

The work and management structures have been defined but 

the question remains; How is all of this data organized? 
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According to Somers (1994), coordination and communications 

are central issues that need to be addressed by any project. 

The organization plan must expedite an environment with many 

participants. The question still remains, how is all of this 

organized? The answer lies in documentation. These records 

should be maintained in an effort to keep track of the data 

and to organize it into a manageable form. This will aid in 

keeping redundant data to a minimum and work to keep an 

elevated data quality in the project. 

them labor and cost effective. 

The trick is to keep 

Harper (1980) writes "the essential purpose of 

documentation is to provide information when needed, were 

needed, in a form needed, that will aid the project in its 

development and minimize duplication" (p. 21). Documentation 

is needed to describe the quality of the data in order to 

assess its appropriateness for a specific project. Keller 

( 19 94) reports that "documentation and access to original 

source documents provide the contained knowledge to manage 

data appropriately" (p. 165). These forms should contain the 

data quality information that includes data collection methods 

as well as positional and classification accuracy assessments. 

Completeness of attributes or features (all data elements are 
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present) and timeliness must be current for the project needs 

(Aronoff, 1993) 

First, it is important to understand that all 

documentation should contain some general information. Keller 

(1994) writes that all forms need to explain: 

How the data was prepared. 
How the data was obtained. 
How the data was entered into the system 
How the project jobs were set up. 

Furthermore, according to Harper (1980), these forms must: 

Be easy to fill out and understand. 
Serve a 
Provide 
data. 

useful purpose. 
sufficient space for recording 

Should have quick processing capabilities. 

required 

Harper (1980) writes of three documentation phases that 

can be identified in a project's life cycle. Analysis/study 

phase starts off any project then proceeds to the detailed 

design/project specification phase and finishes with the user 

reference documents. 

The first is the analysis/study phase. Here, methods of 

how a project can be accomplished are set forth. This 

includes preliminary designs and identifies general aspects of 

the project, any subsystems of the project, and functional 

areas that are part of the system (Harper, 1980). 
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The project specification document is of primary concern 

in the first documentation phase. This is a record of what 

the project is, how it 1s to be accomplished, and what is 

needed to fulfil the project needs. This document should 

define what the purpose and intended use of the data will be. 

Methodology for compiling the information needs to be itemized 

as well as the accuracy assessment of this information. This 

report will also include fiscal breakdown of the equipment, 

time and labor costs. 

chart (Figure 2.1, p.19) 

Its records might include a Gantt 

H. L. Gantt (1919) designed this 

"progress chart" to "make the whole program move with fair 

uniformity" (p. 8 0) . It breaks down the project into its 

component phases then establishes time parameters for when 

each phase of the work is to be completed. The chronology of 

the project from initiation to completion are easily seen on 

this chart but, most importantly, it is the easily accessible 

time frame for movement from one phase to the next that it 

provides. 

Project flow charts are also included in this preliminary 

analysis/study phase. Flow charts, as described by Harper 

(1980) provide a means of identifying data input and output 

areas, sequencing operations, and presenting a logic and path 
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of this data flow to its conclusion. These flow charts will 

show the data flow from aerial photo interpretation or 

satellite imaging, to mapping, to QA/QC, to scanning or 

digitizing, data entry into a GIS, and compilation into the 

final product. 

Other study/analysis documentation might include aerial 

flight specifications and satellite imagery preprocessing 

information forms. These are to be available at the initial 

phase to provide for easy access to their data as required 

throughout the project and informative data to be added to the 

final project report . It is imperative to know how the data 

was captured or what processing has been done to it so as to 

better understand what the information is telling you 

(Edwards, 19 9 2) . 

For aerial photo interpretation purposes the flight 

specifications document is of significance. It represents the 

best compromise between ideal photography and what was 

obtained in practice within a reasonable time and at a 

realistic cost (Burnside, 1985) This form will specify the 

area to be photographed, how it was photographed, scale, 

flight conditions, etc. All the information that might 

benefit a photo interpreter. 

20 



A satellite imaging technician needs to know if it is a 

raw satellite band that is being worked on or one that has 

been pre-processed. Edwards (1992) notes that the four 

operations of radiometric pre-processing, geometric pre-

processing (geometric correction, resampling, etc), 

classification activities (supervised, unsupervised) , and 

cartographic comparison activities (training areas, masking 

techniques, etc.) all affect each other and the output. 

Since preprocessing, is done to correct radiometric and 

geographic distortion all attempts to correct or compensate 

for the distortion must be questionable. 

Phase two details the designs/project specifications. 

These forms establish specific requirements and testing 

criteria for each functional task and are divided into three 

categories (Harper, 1980) . These groupings are 1) general 

descriptions of tasks, 2) detailed functional requirements of 

each task, and 3) quality assurance provisions. 

The general descriptions should be easy to reference flow 

charts designed to show how the work is to proceed. Flow 

charts, which identify the path of the data flow, are to be 

designed for each specific task. Brockman (1990) writes "flow 

charts precede work just like blueprints precede building" (p. 
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13) . A flow chart for each stage of the project will 

demonstrate continuity of work and data to the project's 

completion. An aerial photo interpretation flow chart might 

be initiated with personnel training and practice mapping, 

then proceed on to setting up maps and geo-registering them, 

and continue in this manner until the maps are submitted to 

the quality assurance/quality check (QA/QC) process. This 

procedure will have its own flow chart on how to accomplish 

the checking for error. 

General descriptions of tasks are protocols or decision 

rules for each phase of the project. These protocols contain 

a step-by-step written account of how to perform every aspect 

of a task. For example, if the work involves mapping 

utilizing aerial photos, the first three steps on this 

protocol might be how to cut and adhere the mapping medium on 

to the aerial photo, what drawing mechanism to use, and how to 

use it. The next step might entail the method for identifying 

the ground control points (GCP) on the mapping medium. GCP 

are points located on the aerial photo with known coordinates 

(Campbell, 1987) . The protocol should continue in this 

fashion until every step for the mapping process has been 

attended to. 
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Lastly, the quality assurance provisions should appear at 

points in the project that will catch error before it is 

compounded by the next phase of data manipulation. Provisions 

have to be made for the finding, verification, and correction 

of any error found. 

Phase three includes the user reference forms (Harper, 

1980). These are documents that are designed to aid the user 

of the final product to better understand the data. It 

contains the final report and all other deliverables as 

specified in the project specification document. 

The final project report is of primary importance in this 

final documentation phase. It is a narrative that informs the 

end user of the project's purpose, design, method of data 

gathering, data conversion, and final results along with any 

output materials such as maps, digital files, etc. Campbell 

(1987) uses this as "supporting information" that includes 

formally written material that accompanies all final project 

products to support "the wider realm of knowledge that the 

reader uses to examine and evaluate a map (final product)" 

(p.489) He specifies that the reader must be given knowledge 

with regards to the regional setting, methods and materials 

used to prepare the map, definitions of mapping units, and 
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summarized results. 

It was once felt that the data dictionary "was the most 

important reference document," other than the final report, 

for an information system (Wertz, 1989). 

metadata file is of increasing importance. 

expounded on later in this chapter. 

Currently, the 

This will be 

According to Wertz (1989), the data dictionary is the 

"component of the database management system which contains 

the description of the database" (p. 34) . It is an organized 

reference to the data content of any project which can 

facilitate management of data and conversion of data into 

information. This record identifies entities or objects of 

interest, their relationships with other entities, attributes 

of the entities, and the processing and reporting to be 

accomplished (Wertz, 1989). An example of the data dictionary 

from Martin County Information Systems Department, Geographic 

Information Systems Section illustrates this concept (Figures 

2 . 2 , p . 2 5 and 2 . 3 , p . 2 6 ) . This example exhibits the 

locations of schools in Martin County as points. The data 

dictionary contains the total number of arcs, polygons, nodes, 

and points that make up the coverage. It informs the reader 

of what standards were used for manipulation of the 
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FEATURE: 

Schools 
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5 Miles 

Martin County GIS 

Figure 2.2: Data Dictionary (Martin County 
Informational Systems Dept., (Jully, 1995) 
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Aurusl 1994 

Feature: SG-IOOLS 
Location: /data/esri/sch/school 
Purpose: Display Martin County's Soils 

Martin County 

Responsible Agency: Martin County Information Systems Depart. 
Source: Martin County School Board 
Date Orginated: 9/2194 
Cont.:t Penon: Woody Woodruff 

Descriptioo of DOUBLE precision coverage /d.!ta/es.rilsch/school 

ARCS POLYGONS 

Ara 0 Polygoos = 0 
Segments 0 There is NO Polygoo Topology. 
0 bytes d Arc Attribute Data 0 bytes of Polygoo Attribute Data 

NODES .. POINTS 
. ....... . 

Nodes • . 0 bbd Points_;,.. 19 . 
0 bY.teS d Node Attribute Data . 54 bytes d Point Attn'bule Data 

•. . . ... ..... :_ 
TOLERANCES · . sEcONDARY FEATURES . 

FuZzy -
Dangle • 

T'ICS .:.. . 84 
.Linb.. . - 0 . 

COVERAGE BOUNDARY ..... . 

Xmm• .. 670817.293 Ymin=
YI!Wi:• 

976880.n6 . 
1056952.415 . . : : XmU. . . 783593.098 

. . Projecti011 
Fi~ 
Datum 
Units' . 

COORDINATE SYSTEM DESCRiPTION 
STAJEPLANE · 

901 :. 
. NAD27 

• FEET -.. r Spheroid Cl.ARKE1866 . 

CIS Da ta Drctwrwr 

Coverage Name: SCIIOOL 

Coverage Type: Secondary 
Coverage Quality: Poor 
Scale: 1:24000 
Update Frequency: Yearly 
I_.ast Update: 9/2194 

ITEMS SHOOLPAT 
COLUMN ITEM NAME WIDTH OUTI'UT 

8 18 
TYPE · NDEC ALTERNATENAME INDEXED? 

1 AREA 
9 PElUMEIER 
17 SCHOOL# 
21 SCHOOL-ID 
25 CODE 
28 NAME 
53 EM0123 

8 18 
4 5 
4 5 
3 3 
25 25 
1 1 

F 5 
F 5 
B 
B 
I 
c 
I 

Figure 2.3: Martin County Data Dictionary 
(Martin County Informational Systems Dept., July, 1995) 
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information, that is; tolerances, projections, and relational 

tables. This is important information when dealing with any 

IGIS project and is needed not only for personnel working with 

the project but also for the end users of the project 

information. 

Finally, a metadata file should be included in the user 

referencing information. A metadata file contains "data about 

the content, quality, condition, and other characteristics of 

data" (FGDC, 1994a), information over and above that of the 

data dictionary. The Metadata Content Standards is a 

relatively new topic, approved in June of 1994 (FGDC, 1994a) . 

Since it is the focus of this research, the following section 

covers this subject in depth. 

2.3 Data Standards Should Be Maintained. 

While compiling these forms and documents it is important 

to develop a standard for reporting this information so as to 

exclude any inconsistency of entity definition or 

relationships. To that end, there is a need to mention 

"Metadata Content Standards" and "Spatial Data Transfer 

Standard" (SDTS) under the advocacy of the "National Spatial 

Data Infrastructure Standards" (NSDI) 
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NSDI as defined by the Federal Geographic Data Committee 

(1994b) is 11 an umbrella of policies, standards, and procedures 

under which organizations and technologies interact to faster 

and more efficient use, management, and production of 

geospatial data. 11 The reason for NSDI 11 is to provide a means 

to search for, find, access, and cooperatively produce and use 

geospatial data 11 (FGDC, 1994b) It's goal, to implement 

standards for geospatial data documentation, can only assist 

in the standardization of information in order to achieve a 

faster and more efficient use, management, and production of 

geospatial data. It achieves its purpose in three steps 

(FGDC, 1994b) : 

1. Communication via electronic tools, phone, conference 
news letters, etc. to achieve full access to 
available standards, changes, and progress. 

2. Use common procedures and standards to facilitate 
data sharing. 

3. The building of partnerships to allow for the 
development and infiltration of these standards 
to the data community. 

The common procedures and standards that this research 

contends to be the most important to an IGIS project in the 

NSDI is the Metadata Content Standards . This is designed to 

keep uniformity in documentation, and for data transfer per 

the SDTS. 
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Metadata is "data about data" (FGDC, 1994a) It is used 

to indicate a higher than usual level of abstraction. 

Metadata, as described by the NSDI, describes the content, 

quality condition and other data characteristics of the data 

contained in a data set. The benefits of the Metadata Content 

Standard defined by the Federal Geographic Data Committee 

(1994a) are: 

* Organizing and maintaining an organizations investment 
in data. 

1. Provides protection 
conflicts arise over 

2. As personnel change, 
the same. 

for the organization if 
misuse of data. 
data description remains 

* Provides information for data catalogues and clearing 
houses. Another organization can find data to use 
and possibly locate partners to share data efforts 
for collection and maintenance of data. 

* Provides information to aid data transfers. It 
assists organizations receiving data to process and 
interpret the information. 

Metadata standards are being used by Washington State 

Department of Natural Resources as part of their system to 

standardize entity description and provide information for 

quality checking during data entry. The Environmental 

Protection Agency has found that using metadata can provide 

consistency in procedures with regions, to document fitness 

for use, availability, source, and lineage information 

(Barton, 1994) . 
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Nancy Tosta from the NSDI (Kevany, et. al, 1995) noted 

that government agencies collect a vast amount of data and 

gives access to numerous data warehouses and digital 

libraries. Therefore, if government agencies implement the 

Metadata Content Standards it makes sense that the realization 

of this standard in any IGIS project can only be a benefit in 

the organization, maintenance, and distribution of this data. 

Reputable firms and agencies already issue metadata files with 

their data. It is expected to be a matter of time before 

these metadata files are required for all projects. This is 

especially true with the dispersion of geographic information 

over the electronic highway. 

The roles that the Metadata Content Standard plays are 

four fold (FGGDC, 1994a) 

1 . Availability - the information needed to determines 
the set of data that exists 

2. Fitness for use - does set of data fulfil needs 
3. Access - data needed to acquire set of data 
4 . Transfer - data needed to process and use a set of 

data 

The author proposes to establish a fifth role for the 

Metadata Content Standards. These standards can be used as a 

gauge of the quality of an IGIS project. This research 

proposes to use it as a method of information extraction that 
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is critical to a project therefore increasing the data 

quality. The methodology for this will be expanded in the 

next chapter. 

Under the auspices of NSDI the other important standard 

to be developed is the National Spatial Data Transfer 

Standard. With proliferation of data being generated by 

numerous producers, and with this data being dispersed in any 

number of ways from the electronic media to paper reports, the 

Spatial Data Transfer Standard becomes of increasing 

importance to maintain uniformity. This uniformity will 

simplify the means to search for, access, query, and transfer 

geospatial data (FGDC, 1994b) . The unify language for these 

transfers so as to make the information understandable to all 

is the Metadata Content Standard. Metadata must accompany all 

transfers of data under the Spatial Data Transfer Standard 

(FGDC, 1994b) 

2.4 Data Quality Issues Pertinent To An IGIS Project. 

A Waterford vase is placed next to an ordinary vase. The 

Waterford piece picks up light and sparkles in every color of 

the spectrum. Its neighbor does not. What is the difference? 

Quality is the difference, an attribute characterized by 
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attention to detail. Quality is in the materials that were 

combined in the making of the crystal. Quality is in the 

craftsmanship it took to cut its many facets. Quality is 1n 

the planning of the piece. In an IGIS project, "quality is 

the fitness for use'' (Chrisman, 1991b, p.165) Quality in the 

data that was combined and quality in the planning of the 

project . 

The way to maintain an increased level of data quality 

throughout a project is the same attention to detail. Use it 

as a focus of planning a project, checking it each step of the 

way, verifying the data quality before inputting into the GIS 

system, and again verifying what comes out of the 

system. 

The planning phase of any project initiates the data 

quality decisions. The more rigorous the data quality, the 

more expensive it will be. The manager's decision is to reach 

an acceptable level of quality for the project's applications 

and output products (Aronoff, 1991). If the project involves 

locating a shopping mall for use in an in-vehicle navigation 

system, it is not necessary to ensure that the positional 

accuracy is within one foot, one yard, or even one hundred 

feet. The driver will see the mall long before getting that 
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close. Therefore, it would be foolhardy to accelerate the 

cost of the project for an unnecessary accuracy level. Know 

the application first so the accuracy level can be compatible 

and cost effective (Montgomery, 1993). Secondly, know the 

users so the information can be directed to them (Montgomery, 

1993) . Will the information be used by technical people or 

the person who is renting that car? Technical personnel will 

prefer a more professional and indepth kind of information, 

while, the general public may want a product that is easy to 

comprehend and use. 

Data quality is a composite of informational quality and 

cartographic quality. Informational quality of position, 

attribute (classification, name, etc.), and data base need to 

be complete, correct, timely, and trustworthy. Cartographic 

quality involves questions of relative versus absolute 

accuracy in graphic representation and graphic quality itself. 

(Montgomery, 1993). 

The completeness of informational data quality refers to 

three areas (Aronoff, 1991): 

1. completeness of coverage 
2. completeness of classification 
3. completeness of verification 

Completeness of coverage is the degree to which features are 
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included in the database (Montgomery, 1993). A coverage of 

fire hydrants located in the City of Coral Springs is not 

complete if twenty are missing. One hundred percent 

completeness may not be feasible nor necessary (Aronoff, 

1991) . Managers need to know the unique needs of each 

project. The real world is constantly changing and why put in 

all the information if only one portion of it is necessary for 

the specifications of the IGIS project? A database of all the 

houses of worship in a city does not need to have any schools 

associated with them in the same coverage, only the 

information pertinent to the project needs to be addressed. 

Completeness of classification is an "assessment of how 

well the chosen classification is able to represent the data" 

(Aronoff, 1991, p.138). This means each of the polygons must 

have an identification as well as attribute. Each point must 

be correctly identified and located. A coverage of fire 

hydrants is not complete if a location point is omitted nor is 

it complete if that point lS located correctly in the real 

world but identified as a parking meter on the output 

coverage. 

This example highlights the importance of the 

verification portion of the discussion. Aronoff (1991) writes 
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that "completeness of verification refers to the amount and 

distribution of field measurements or other independent 

sources of information that were used to develop the data" 

(p.139). The database must be correct and should be equal to 

the primary data source in level of data quality. The 

qualitative nature of completeness of classification and 

verification are factors that will determine the suitability 

of a data set for application and its appropriate use 

(Aronoff, 1991). A vegetative classification of cattail would 

not be appropriate for a land use project. 

Timeliness, a measure of correctness, illustrates the 

fact that only current information must be used (Montgomery, 

1993) . Since weather patterns and urban growth change 

vegetative classes drastically from year to year, it would be 

totally inappropriate to use a ten year old vegetation map for 

a current project. As Fisher (1991) notes, "Maps are static 

while the real world changes" (p. 176) . This data quality 

aspect is often overlooked when combining primary data 

sources. It is imperative to the quality of the data to bring 

all information up to its current level so no degradation can 

occur (Aronoff, 1991) 

The integrity of the position, attribute, and database is 
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essential to demonstrate and confirm the usability of the data 

(Montgomery, 1993) . What good is all the time and effort 

exerted in getting an IGIS project finished if the final 

result is not usable or reliable? For logical consistency, 

the testing of the product usually involves human involvement. 

This is the QA/QC or ground truthing aspect of any maps 

produced by the project (Chrisman 1991b, p.172) According to 

Montgomery ( 1993) 1 there should be no overshoots or 

undershoots and all polygons should be closed. Database 

should indicate which attributes belong to which object and 

which lines are interconnected (i.e., topology) 

be no duplicate or missing data fields. 

There should 

Three types of cartographic quality govern graphic 

representation. They are relative accuracy, absolute accuracy 

and graphic quality. Relative accuracy is a measure of 

maximum deviation between the interval of two objects on a map 

and corresponding interval between actual objects in the field 

(Montgomery, 1993). That is, the object's correct geographic 

location is not the more pertinent information but rather its 

relative position to its neighbor. Absolute accuracy, the 

second cartographic quality, measures maximum deviation 

between the location of a feature on a map and its true 
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location on the surface of the earth (Montgomery, 1993). An 

IGIS project that is designed to establish a residential 

development one hundred and fifty feet from any designated 

wetland area will rely on the relative accuracy of buildings 

in relation to the wetland rather than its absolute location 

ln the real world. If a project is to produce a database of 

the location of street centerlines within a given area, 

absolute accuracy will be of significance. 

The final cartographic quality to discuss is graphic 

quality. The digital map portion of a GIS database and its 

measure of legibility of data, consistency of graphic 

representation, aesthetics, and adherence to graphic standards 

established within the project specifications make up graphic 

quality (Montgomery, 1993). 

Given the informational and cartographic qualities stated 

previously, Keller (1994) has noted, data quality management 

is an ongoing continuous process and is the general notion of 

data correctness and completeness, data precision and 

accuracy, data integrity and consistency and finally, data 

safety. Because this data may be used for other project's, it 

stands to reason that the data must be maintained in an effort 

to keep it safe for use. 
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2.5 The Important Data Quality Issues of Positional and 

Attribute Accuracy. 

Accuracy is probably the foremost factor when discussing 

data quality. It relates to position of an entity in the real 

world and its attribute or identification. All spatial data 

are of limited accuracy because of this locational and 

attribute error which invariably comes from different sources. 

Further more, the ability to change scale and combine data 

from several data sources become an additional measure of 

uncertainty (Keller, 1991). 

"Positional accuracy is the expected deviance in the 

geographic location of an object in the data set from its true 

ground position" (Aronoff, 1991, p.135). Is the object 

located in the real world in the same spot it is found on the 

digital output? Any deviation from real world location can be 

quantified by means of an average positional error of sample 

points for a systemic bias; eg. "systematic tendency for the 

map position to differ from the true position" (Aronoff, 1991, 

p.135). The other form of positional error measurement it 

that of a standard deviation for delineating precision which 

"refers to the dispersion of the positional errors of the data 

elements" (Aronoff, 1991, p.135) It is not possible to test 
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all points, so there has to be a statistical method to assess 

the database positional accuracy. This is the statistical 

standard deviation or root mean square (RMS) method to test 

for positional accuracy. Statistical testing for positional 

accuracy consists of choosing sample points to test (ex: 10 

points/ map or 5% of all points in database) Test consists 

of subtracting one source from another, therefore, getting set 

of coordinate differences which can be combined into a RMS 

value for map or photo (Montgomery, 1993). This value should 

statistically satisfy the maximum error limits for the project 

specifications. 

Attribute accuracy is complex due to the fact that it can 

be affected by many factors. The number of classes, shape and 

size of various polygons, selection of test points, classes 

that can be confused with each other, and areas of mixed 

classes can all affect the accuracy of the output product 

(Aronoff, 1991). In an aerial photograph, there may be many 

different classes of vegetation each appearing similar in 

texture, form, etc. and one class of vegetation may slowly be 

decreasing in density while it's neighbor is gradually 

increasing. The attribute decision in this instance, a 

transition zone, is subjective and difficult to be exact. In 
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satellite imagery interpretation of this area may be 

represented by a mixel. Campbell (1987) defines this as 

"pixels that are not completely occupied by a single, 

homogeneous, category" (p. 229). The technology of remote 

sensing places great importance on attribute or classification 

accuracy. Here, accuracy is either right or wrong, there is 

no "close" as in positional accuracy (Chrisman, 1991b) . The 

well known method of testing and reporting attribute accuracy 

common to cartography and remote sensing is the error matrix 

Figure 2.4 p. 41. This is a "most accurate way to express 

accuracy of maps and images that are remotely sensed by 

statement of percentage of map areas correctly classified when 

compared with referenced data or ground truthed" (Story, 1986, 

p. 397). According to Chrisman (1991b), the rows equal 

observations which should have been classified in a particular 

category. The columns are indicative of observations 

classified and diagonal fit both and show agreement between 

two sources. Errors in rows are equal to errors of omission 

with respect to that category (what has not been included in 

that category but should be there) . Errors in columns are 

equivalent to errors of commission (what has been included in 

the wrong category) . The matrix is summarized with percentage 
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correct in the diagonal total. 

Resid. Comm. Parks Agri . TOTAL 

Resid. 8 3 0 0 11 

Comm. 2 5 0 0 7 

Parks 0 0 5 2 7 

Agri. 0 0 3 6 0 

TOTALS 10 8 8 8 24 

Figure 2.4: Example of an Error Matrix 

2.6 Data Quality of Aerial Photo Interpretation (API} 

The data quality issues associated with API start with 

the acquisition of the data. Acquisition of good aerial 

photography is difficult for the following reasons (Burnside, 

1985) : 

* Geographic factors: Relatively flat surface will give 
uniform photos. Any change in elevation of camera 
(plane) is equal to a change in projected scale of the 
photo. 

* Climatic factors: Cloud cover, haziness or seasons of 
the year, all affect the photograph. It is not always 
possible to fly under ideal conditions. 

* Flight factors: Crosswinds to the direction of flight 
may cause a tilt in the camera (plane) . 

All of these factors can cause distortions in the photo. 

These can be rectified with the use of good specification 
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documents which "represents the best compromise between ideal 

photography and that obtainable within a reasonable time and 

realistic cost" (Burnside, 1985, p. 324). It is essential to 

remember that unsatisfactory photos may be a false economy. 

The decision of which primary data source to use in an 

IGIS project can be assisted by the project definition. The 

real advantage of using API and photogrammetry is a highly 

accurate base, both position and attribute, to which 

information can be referenced and placed (Montgomery, 1993). 

Aerial Photos are most often used to map natural resources 

such as soils, forest, geology, etc but is just as important 

for urban features. The maps produced usually exceed any 

existing map because they have the advantage of offering the 

most current information. 

The project manager's decision to use black and white or 

color relies on the project needs. Color will offer increased 

classification accuracy but increase the project's cost. 

Black and white will be cheaper but decrease classification 

accuracy (Montgomery, 1993). If the project's requirements 

are for a larger area of vegetative or land cover and does not 

need the higher level of positional or attribute accuracy that 

aerial photos provide, then satellite imagery may fill the 
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project specifications (Davis et al., 1991). 

Campbell (1987) gives an excellent synopsis of advantages 

and disadvantages to satellite imagery. These can aid the 

managers with their decision making process of which form of 

remote sensing to use for their particular project. 

ADVANTAGES 
* Cost-effective for large geographic areas 
* Cost-effective for repetitive interpretations 
* Cost-effective for standard image formats 
* Consistent results 
* Simultaneous interpretations of several channels 
* Complex interpretation algorithms possible 
* Speed may be an advantage 
* Explore alternatives 
* Compatible with other digital data 

DISADVANTAGES 
* Expensive for small areas 
* Expensive for one-time interpretations 
* Start-up costs may be high 
* Requires elaborate, single-purpose equipment 
* Data may be expensive, or not available 
* Preprocessing may be required 
* May require large support staff 

Further indepth explanations of these advantages and 

disadvantages can be found in his writing (Campbell, 1987), 

but these are the generalized listing for decision making. 

Aerial photo interpretation is the primary remotely 

sensed data source that is the focus of this thesis so this 

research will expound on the data quality issues important to 

it and photogrammetry. Photogrammetry, according to 
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Montgomery (1993), is the process of identifying points on the 

surface of the earth by using aerial photographs and ground 

control points (GCP) . These GCP are "locations on the 

photograph that can be located with precision on the ground" 

(Campbell, 1987, p.284). 

In most projects involving aerial photo interpretation, 

the photography is done by an outside contractor. Because of 

this, management must be aware of data needed and presented in 

a manageable form so as to keep data quality at an optimal 

level. Burnside (1985) offers some guidelines for aerial photo 

interpretation and ground control points (GCP) that are cost 

effective and concise from the management point of view. 

These guidelines can be summed up as follows for aerial photo 

interpretation: 

1. Select minimum number of photos to cover the mapping 
area. 

2. Choose minimum scale and therefore maximum flying height 
at which required accuracy of plotting can be confidently 
obtained. 

3. Photos should be taken in long strips usually straight 
lines so that adjacent photos within a strip have a large 
overlap and adjacent strips have less of an overlap. 

4. Selection of odd or even photos of any strip makes for a 
workable area. 

The second most important component of aerial photo 

interpretation are the GCP. Because a GCP's coordinates are 
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known, it is used to make precise measurements from aerial 

photos (Montgomery, 1993). These GCP need to satisfy three 

criteria: 

1. The detailed pattern on the ground must be capable of 
defining a point to within a certain tolerance. 

2. Detailed pattern on all photographs of the ground should 
be capable of defining a point to within the same 
tolerance as expressed in the photo scale. 

3. The positions defined by #1 and #2 should be of the 
same point, exactly. 

As mentioned previously, good flight specification documents 

with details spelled out as noted above, can make the 

difference in the successful aerial photo interpretation phase 

of a project. 

Dunn (1990) warns that error can enter via incorrect 

interpretation of photographs, location of boundaries between 

vegetative classes may be unclear, or there may exist 

confusion between two types of classes with similar visual 

appearances on the photographs. These are things that 

managers need to provide for with clearly defined mapping 

rules or photographic keys. 

2.7 Pros and Cons of Digitizing and Scanning. 

Once the primary data sources have been identified and 

processed, the determination must be made as to the method of 
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data conversion, that is how do we input the information into 

the GIS portion of the project. Management must be aware that 

data quality degradation may occur with this conversion 

because digital representation of the map outline, be it 

scanned, digitized, or digital are highly unlikely to match 

the boundaries of the real world areas (Dunn, 1990). 

Direct digital data collection from remotely sensed 

satellite imagery is probably the most important source of 

digital data (Fischer, 1991) This data must be well 

calibrated, in a suitable format and data structure. It 

differs from other geographic data in its consistency and 

temporal resolution, while maintaining a low level of human 

interpretation (Davis et al., 1991). The GIS requires raster 

capability to store and analyze a large volume of data with 

minimum loss of resolution or radiometric precision. Because 

of the unique nature of raster data from satellite imagery the 

following need to be considered when performing data 

conversion (Davis et al, 1991): 

* Rasterizing a map to conform to satellite data 
means disaggregating and degrading the high 
level of cartographic information. 

* Conversion of satellite data to vector format 
generally requires classification of low level 
information at the expense of measurement pre
cision. 
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It's a tradeoff when integrating satellite and cartographic 

data into a single data structure. 

Digitizing map information is probably the most common 

method of converting map data to digital data. It has the 

advantages of costing less than scanning and being easy to 

learn (Montgomery, 1993). Its disadvantages include the fact 

that the accuracy of a digitized map is limited because of its 

link to the accuracy of the original document which may be 

stretched, shrunk, or faded (this is a data origin problem and 

holds true for scanning also) . Digitizing is very labor 

intensive therefore a complex map can be tedious to digitize 

causing technician to suffer fatigue leading to errors of 

omission or commission. Digitizing accuracy 1s further 

limited by resolution of digitizer (still better in some cases 

that scanners) and skill of the operator (Burrough, 1991) . 

Scanning is "the process of converting maps and documents 

into a digital raster format" (Montgomery, 1993 p.122). It 

uses electrical input devices called scanners to convert 

analog information from maps, photos, etc. into digital 

format. Because scanning is automated, it negates any 

additional error that may be introduces unwittingly via 

digitizing, therefore, affecting a higher level of data 
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quality. Errors can still be introduces via the processing of 

the scanned data if raster to vector conversion needs to be 

performed. Scanning produces a raster digital image of a map 

after which additional computer processing is done to improve 

the quality of the image or to convert the raster data to 

vector format. Conversion requires the operator to edit the 

coverage to ensure that the information has been converted 

correctly and to eliminate any superfluous marks (Antenucci, 

et .al., 1991) . Further editing and checking for any 

additional overshoots, unclosed polygons, label errors, etc. 

must been performed before generating a final GIS data file 

(Aronoff, 1993). 

Aronoff (1993) writes of a study carried out by the 

United States Forest Service that has shown scanning to have 

a decreased cost of approximately 50% over that of manual 

digitizing. Scanning was found to have these four advantages: 

1. Re-drafting process was not done on a computer system 
so the computer costs and the increased salaries paid 
to computer operators were not incurred. 

2. Digitizing portion of maps was quicker and required 
less editing of map because it had fewer errors and 
inconsistencies. Faster completion of digitizing 
and editing functions allowed for decrease amount 
and cost of computer system and operator time. 

3. Where many changes were made and inconsistencies 
resolved, manual drafting was faster. 

4. Cost and time were conserved when making large 
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number of changes to a map once it is in digital 
form. 

Which leads to the following conclusions by Aronoff (1991) 

that scanning is most effective: 

* With maps that are clean and simple. 
* Cost effective for maps with large number of spatial 

elements or large irregular shapes. 
* Maps which need increased volume production. 

2.8 The Concept of Mapping From Aerial Photos 

Mapping from aerial photos is labor intensive and 

requires a high degree of human interpretation (Burnside 1985). 

The previously mentioned factors of good photography and 

distribution of good quality GCP (Section 2. 6) contribute 

greatly to the success of a photogrammetric mapping project as 

does precise mapping protocols and decision rules. 

Prior to specific mapping, it is important to 

understanding the concept of map generalization for its 

principles applied to cartographic and digital map quality . 

Generalization is used to decrease data volume by eliminating 

or decreasing redundancy and to modify the geometry so that 

lines obtained from maps of one scale can be clearly plotted 

at a smaller scale without losing the maps original meaning 

(Mark, 1989). The principles utilized in a project need to be 
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spelled out in the decision rules or protocols of a project 

specification. How to generalize is clearly spelled out in 

the writings of Butterfield & McMaster (1991) . The basic 

principles of map generalization in order to maintain data 

quality, according to Butterfield are as follows: 

* Reduce complexity 
* Maintain spatial accuracy 
* Maintain attribute accuracy 
* Maintain aesthetic quality 
* Maintain logical hierarchy 
* Consistently apply generalization rules 

Generalization should be applied when (Shea & McMaster, 1989) 

* Feature density is too high. 
* Features touch as result of symbolization process or 

separate distance is smaller than the resolution of 
the output device, pen width, etc. 

* Conflict of features arises: EX: road going through a 
park. Eliminate road to show complete park polygon. 

* Feature size falls below minimal portrayal size for 

map. 

2.9 Final Quality Assurance Can Be Manual or Automated. 

Before the final check can be made for data quality, it 

is necessary to keep in mind the varied levels in which error 

can enter into an IGIS project. A categorical sampling of 

error introduction follows (Dunn, 1990) 

* Aerial Photo Interpretation - error can enter via 
misinterpretation of photo-graphs, unclear boundary 
locations between vegetative areas, or confusion 
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between two similar visual appear-ances of different 
vegetative types of photos. 

* Mapping - errors may be introduced when the 
interpreted boundaries are transcribed to a permanent 
medium, eg: distortion in photo, width of pencil when 
drawing, etc. 

* Conversion digital representation of outline is 
most unlikely to match hardcopy exactly, eg: 
digitizing error distortion of scanner, etc. 

* Data entry - transcribing of attribute information for 
every polygon unlikely to match hard copy map 
completely. 

* Data manipulation - overlay process can cause sliver 
polygons or dual labels for same point, etc. 

Knowing the method of error introduction can help design 

quality assurance protocols and forms for each phase of the 

IGIS project. 

Field verification using any number of sampling methods 

are appropriate for evaluating the quality of a coverage. 

According to Montgomery (1993), it is important to assess that 

the converted land coverage and features positioned within the 

check plot are within acceptable limits for relative and 

absolute accuracy as specified in the documentation. The land 

base and features must be classified correctly as determined 

through this field observation. Attribute values in the check 

plot must correspond to those values observed or measured in 

the field. Features locatable in the field and specified for 

conversion must be included in the GIS check plot and 
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attributes must be converted whenever it is observable or 

measurable. 

Most quality assurance is done manually by varied 

methodologies, error matrix for classification accuracy and 

standard deviation for positional accuracy were previously 

mentioned and values must fall within the specified 

parameters. Manual quality assurance is a process to verify 

accuracy and completeness of the GIS output product. Most 

quality assurance techniques, as mention previously, make use 

of a check plot generated by any of varied sampling methods. 

This will compare the GIS database to the source documents in 

the final effort to answer the following quality assurance 

questions (Montgomery, 1993) 

1. Is absolute or relative positioning within an 
acceptable limit? 

2. Does the annotation on the GIS output coverage 
correspond to information found on source document? 

3. Are all land coverages and features represented and 
do they correspond to the source document? 

4. Have the features spanning multiple sections been 
correctly edgematched? 

5. Have obsolete records been correctly translated to 
current standards? 

6. Are orientations correct and in accordance with 
graphic specifications? 

This manual quality assurance is not only time and labor 

intensive but because of its tediousness, can cause errors to 
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be overlooked. 

Current GIS software packages offer some automated 

quality checks or have the capability to have an in-house 

program set up to meet each project's specific needs. 

Automated QA is designed to test the integrity of the 

converted data via the following checks (Montgomery, 1993): 

* Checks that each land and facility record represents 
that land and facility specification . 

* Checks that each land and facility record contains 
the required attribute data within specified values. 

* Checks that all attributes are within acceptable 
and domain values. 

* Checks that attribute containing calculated values 
correspond to values resulting from the application 

of the appropriate formula. 
* Checks that attributes describing relationships with 

other components must be logically consistent. 

The QA/QC portion of any project must follow the data through 

its various stages to keep error to a minimum and accuracy to 

the optimum. The final field verification and quality 

assurance checks only round out the quality tests and brings 

the whole process of QA/QC full circle. 

2.10 Summary 

The concept of another quality test will be introduced in 

the next chapter. The test involves the use of the Metadata 

Content Standards when developing documentation for an IGIS 
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project and using it to gauge of the data quality. This 

research will compare documentation designed with the standard 

versus documentation without. The resulting amount of 

pertinent information drawn from a project by each will be the 

final verification of its efficacy. 
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CHAPTER THREE: METHODS OF MANAGING DATA 

QUALITY IN AN !GIS PROJECT 

3.1 Research Methodology Introduction 

The Management of any project with numerous personnel 

doing varied work within a time frame for product delivery is 

fraught with many pitfalls from project initiation to 

completion. Pitfalls may consist of personnel problems ; e.g. 

too few, turn overs, or unskilled. It could be a lack of 

experience with or just lack of equipment, deficiency of 

funding, etc. It is reasonable to expect that an integrated 

geographic information system (IGIS) project consisting of the 

three technologies of cartography, aerial photo interpretation 

(remote sensing), and geographic information systems (GIS) 

will contain an increased number of areas in which problems 

arise. This is due to the use of multiple technologies and 

their effect on each other. For example, polygons that are in 

close proximity on a drawn map may appear as having a common 

boundary rather than an area between the boundaries after 

scanning. Therefore, it is imperative that management 
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personnel have a knowledge of the three fore-mentioned 

technologies and how they affect each other. Only with this 

basic knowledge can reasonable decisions that affect data 

quality be made. 

These IGIS projects are often led by management personnel 

with knowledge firmly embedded in areas other than geography. 

The spatial knowledge accrued in areas such as business, 

geology, or biology is limited to direct experience, since 

spatial analysis training is not an inherent part of these 

disciplines. Therefore, in an effort to set forth a body of 

possible questions to be answered, scenarios to be described, 

and choices to be made, the author will attempt to 

methodically set forth an IGIS project from a management point 

of view that will achieve an increased level of acceptable 

data quality. 

It will commence with a proposal for using the Metadata 

Content Standards as a basis for gauging data quality and 

present documentation that will support the standards. It is 

followed by a three-phase documentation protocol that this 

author proposes for project documentation needs. These 

include a general project flow chart illustrating the proposed 

method for project organization, in depth flow charts for each 
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task, and accompanying documents or records. The chapter will 

conclude with some recommendations for management style and 

working environment. All these themes are presented with the 

expectation of increasing the level of data quality in an IGIS 

project consisting of the three technologies of remote sensing 

(specifically aerial photo interpretation), cartography, and 

geographic information systems (GIS) . 

3. 2 Using The Metadata Content Standards To Enhance the 

Data Quality 

The importance of the Metadata Content Standards was 

outlined in Chapter Two. The benefits described include the 

ability for implementation of the standards to organize and 

maintain an organization's investment ln data. This allows 

protection for the organization against misuse of data and as 

personnel change, the data description remains the same. The 

standards also provide a uniform methodology of providing 

information to data catalogues or clearing houses and is an 

aid to data transfers by providing information to others 

regarding the data gathering process and data interpretation. 

This research proposes that the Metadata Content 

Standards can also be used as a measure of data quality. 
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Chrisman(1991a) describes the measure of good data quality as 

its "fitness for use" (p. 165) In some cases, data quality 

is gauged by the outcome of the accuracy assessment of a 

project stated in percentage right or wrong . Possibly, data 

quality is measured by a combination of these concepts but 

what is proposed here is slightly different. It is not 

necessarily a yardstick with numbers attached, but rather, a 

guideline to see how the project lives up to a standard. 

This methodology of an IGIS type project will venture to 

propose the use of the Metadata Content Standards as a 

guideline to achieving an acceptable level of data quality and 

can be used in a project using various geographic 

technologies. The author's opinion is that using this 

standard will be an aid to the analysis of the data quality 

issues of a project by using it to extract information that is 

critical to that venture. A focus on this standard will be 

maintained throughout the proposed documentation in the 

methodology presentation. How well the data fits the elements 

of the standards will be a good assessment of its quality. 

The more indepth the metadata the better the project 

management quality . Any information pertinent to the Metadata 

Content Standards and therefore, to this methodology will be 
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highlighted via bold face, ex: data source. Major divisions 

of the Standards will be capitalized. Management needs to 

implement documentation along the path of the data cycle in a 

project in an effort to "fill in the blanks" of the Metadata 

Content Standards. It will elevate the quality of 

documentation thus elevating the quality of the project. 

The Standards is set up in an hierarchical format with 

the top of the hierarchy being made up of compound elements. 

According to the Standards a compound element is a "group of 

data elements and other compound elements" (FGDC, 1994a, p.47) 

and is characterised by data elements either directly or 

through other compound elements. This can be better 

illustrated by the following example (see Appendix I., pp. I-1 

and I-2) taken from the Metadata Content Standards information 

on the compound element named CITATION INFORMATION (FGDC, 

1994a, p.47). CITATION INFORMATION is defined as the 

"recommended reference to be used for the data set" ( FGDC, 

1994a, p. 47). It is a compound element because it is made up 

of other data elements such as originator of the data set, 

publication date, publication time, title, etc. This citation 

information is also a compound element of the IDENTIFICATION 

INFORMATION compound element because the IDENTIFICATION 
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INFORMATION is composed of data elements and compound element. 

Therefore, as stated previously, the greater the capability to 

describe compound and data elements of a project, the finer 

the project quality. This hierarchical format helps to define 

the depth of the data. The greater depth of metadata 

available, the greater the level of project management 

quality. 

3.3 Metadata Content Standards To Support Documentation And 

Project Organization 

The documentation that will be set forth in this body of 

work will help to organize, maintain, and make an easy 

reference for data information. It will also secure the added 

benefit of using the Metadata Content Standards to insure that 

pertinent information is gathered and made available thereby 

increasing the level of data quality, a main directive of this 

research. The protocols proposed in this chapter, will have 

parameters, tolerances, and software listed in an effort to 

get the information for the Metadata Content Standards. The 

software will deal primarily with ARC/INFO and the protocols 

presented can be substituted in other programs. 
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From the management point of view, project personnel 

should not be buried in a mountain of paper work. This only 

serves to detract from the goal of fulfilling assigned tasks. 

It is hoped that the documentation presented in this research 

is quick and easy to maintain, yet has the ability to draw 

relevant information from each task without burdening the 

personnel. 

3.4 Phase One Documentation 

Management needs to organize documentation according to 

Harper's (1980) three phases; 1.) analysis/study 

specifications, 2.) designs/project forms, and 3.) user 

reference documents). The analysis/study phase of the project 

should contain specification documents and a generalized work 

flow chart. The project specification document will be unique 

to each IGIS project dependent on the purpose and data needs. 

The information listed below is considered to be essential to 

the specification document. 

* Project objectives & intended use 
ex: database creation, analysis, modelling, etc. 

* Background information 
ex: data sources, dates, geographic area data 

covers, etc. 
* Technical approaches 

ex: aerial photo interpretation, satellite 
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imagery, cartography, GIS, digitizing, 
scanning, etc. 

* Task assignments 

* 
* 
* 
* 
* 

ex: remote sensing team does ground truthing of 
maps produced, GIS technicians do quality 
assessment of digital files, etc. 

Accuracy assessment 
Time frame of project 
Contact personnel 
Fiscal requirements of personnel and equipment 
Final product deliverables 

ex: digital files, metadata file, report, maps, etc. 

A good specification document is the basis for a project well 

accomplished. All phases of the task to be performed and 

methodology for accomplishing it need to be evaluated at the 

onset so as to defeat any unforseen circumstances before they 

happen. This will help managers stay within the time and cost 

constraints. A deficiency in either of these areas can result 

in decreased data quality. When a project is rushed, the 

chances of error being introduced is increased. When finances 

run out, areas of a project that should be addressed may be 

overlooked. 

The project specification document is of importance in 

fulfilling the IDENTIFICATION INFORMATION needs of the 

Metadata Content Standards. Project objective will render the 

descriptive information regarding project purpose, intended 

use, and limitations of the data set. Background information 
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i s needed for the CITATION INFORMATION. This citation 

category consists of the background information noted on 

previous page plus any user or access constraints. Accuracy 

assessment will be a parameter for the DATA QUALITY 

INFORMATION section needed for the Metadata Content Standards. 

The contact personnel is the person to call should problems or 

questions arise that cannot be resolved in-house and for 

referencing knowledge within the metadata set. This CONTACT 

INFORMATION will also be accessible to other parties who will 

be using this data. Lastly, the TIME FRAME INFORMATION 

allows for date reference of the data. 

An aerial flight specification document should be 

available at the onset of the project and be accessible to 

photo interpreters. An example of a record written and 

advocated by this author is offered 1n Appendix I p. iii & iv. 

Its presence will alleviate questions of a photo interpretive 

nature. These questions might consist of what is the 

direction of the flight line or why is there difference in 

color quality on different flight lines? Access to the flight 

specification information should exhibit the following 

information: 

* climatic conditions of the flight day 
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* flight path 
* geographic area covered 
* time of day 
* type of film used 
* film processing or any variations 

Uncertainty can be dealt with and rectified with the 

information contained in this document. It is found to be 

effective for the extraction of intelligence that is important 

to the aerial photo interpretation and mapping phase of an 

IGIS project as well as supporting the Metadata Content 

Standards. The information found in the flight specification 

report will support the Metadata Content Standard's 

IDENTIFICATION INFORMATION, specifically the time period of 

data content and spatial domain (geographic area covered) as 

well as the DATA QUALITY divisions of lineage (where data 

originated) and process (how data was manipulated) steps. 

Spatial Domain information is also gathered from this 

document, especially the information pertaining to geographic 

boundaries or coordinates. Information regarding the data 

source is important to the photo interpretive process and the 

final product. This lack of data source information affects 

the photo interpretation quality and accuracy, therefore, 

decreases the project's data quality. 

The other documentation of the analysis/study phase is 
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the generalized workflow charts. These serve to illustrate 

how the work 1s to progress at the various tasking stages. 

These charts should be easy to understand, serve a useful 

purpose, allow for data input and output areas, operation, 

sequencing, and exhibit a logical path for the data to flow. 

Quality assurance steps will be located at the end of each 

phase of data manipulation to insure that an error is not 

compounded by the next phase of work. The chart found in 

Figure 3.1 p. 66 is the proposed outline for the project that 

will be the subject of this methodology. It is an example of 

a generalized project flow chart that can be altered to fit 

the changing needs of other projects. It is divided at the 

data conversion stage to allow for review of protocols 

associated with digitizing or scanning whichever is pertinent 

to the intended project. Aerial photo interpretation, 

digitizing, and scanning have a more comprehensive work flow 

chart associated with each. The QA/QC steps are located at 

the end the data manipulation phases. Digitizing and scanning 

flow charts also include the edgematching, coverage joining, 

and final QA/QC. These charts are designed with the second 

documentation phase (i.e., design/project documentation) as a 

model. 
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3.5 Phase Two Documentation 

As stated in Chapter Two, the design/project 

documentation consists of three stages : 1) general 

description, 2) detailed functional requirements, and 3) 

quality assurance provisions. They work together to produce 

specific requirements and testing criteria for each phase of 

a project. The records must be in place before work has begun 

because they inform the technicians of how the work is to be 

accomplished and insures uniformity in the outcome of the 

product. It is imperative that the detailed functional 

requirements or protocols be 1n place before any work is 

initiated. They need to contain specific parameters listed in 

order to maintain uniformity with the data processing. These 

parameters or tolerances are necessary for DATA QUALITY 

INFORMATION which informs users of the process description. 

Refer to the work flow charts found in Figure 3.2, ( 

p.69), Figure 3.3 (p. 79), and Figure 3.4 (p. 80). The 

general description flow charts of the tasks to be performed 

are illustrated. The detailed functional requirements or 

protocols are in parenthesis under each step and examples are 

presented in Appendix I. These documents are the accompanying 

67 



decision rules or protocols for each data processing step. 

The general record keeping documents that are recommended by 

this author appear on the left side of the flow charts. They 

are the important daily records to keep the data organized and 

to track the work. Finally, the QA/QC stages are located at 

the end of each phase of data manipulation. 

3.5.1 Aerial Photo Interpretation Documentation and 

Recommendations 

The first flow chart (Figure 3.2, p. 69) deals with 

aerial photo interpretation. The necessary steps that need to 

be addressed include training and practice time, transferance 

of pertinent data, mapping and edgematching techniques, and 

quality assurance . Each of these steps has a generalized 

protocol associated with it. It is appropriate to assume that 

not all projects will have the same needs, but the protocols 

set forth here are designed to record the essential 

information for the tasks. It can be expanded or contracted 

depending on the project needs. The aerial photo 

interpretation flow chart takes into account training of 

personnel if they are inexperienced with the equipment or 

mapping technique. A block of time is appropriate to train 
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technicians in the usage of any equipment needed for aerial 

photo interpretation, mapping techniques, and practice time. 

Factors that dictate an appropriate time period will vary 

depending on the project specification; ex: number of photos 

to interpret, time frame of project, or mappers experience. 

The fact that a mapper may be experienced in aerial photo 

interpretation of wetland vegetation may not help when 

interpreting urban or agricultural photos. 

This training period allows for familiarization with the 

aerial photos and any questions that may arise can be answered 

before the actual work is initiated. The work output 

increases significantly once personnel become familiar with 

equipment, mapping techniques, aerial photos, etc.; therefore 

a savings in labor time and costs as well as a reduction of 

error can be accomplished with this training period. 

Trained personnel will require time to familiarize 

themselves with the aerial photos, preferably, examine the 

available photos in stereo before proceeding with the mapping. 

It is this author's experience that not only will this short 

period forestall any questions that might arise but also can 

find and correct potential problems before proceeding. 

The transference of pertinent information protocol 
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(Appendix I, p. I- 5) contains essential information needed 

before the required mapping is initiated. First, it allows 

for the drawing of neat boxes. The boxes or rectangles are 

drawn to outline an area on the aerial photo that has the 

least distortion. It is within this area that mapping is to 

take place. Second, the ground control points (GCP) necessary 

for all mapping should be marked in a manner that will allow 

for GIS input. A circle drawn around a GCP, while easy to 

see, permits that point to be located anywhere within the area 

of the circle. Even if the circle is small, the deviation can 

be translated into yards once out in the field or in a GIS 

data base. Therefore, the suggested cross ( e.g., +or x) 

will be an aid to a better positional accuracy because they 

are drawn for a specific point location. The following 

information needs to be on each map created: 

* Neat boxes (drawn to negate areas of increased 
distortion and assist with edgematching of adjacent 
aerial photos) 

* Identification number or name 

* Ground control points or registration points (tics) 

Each aerial photo mapping project may have its own relevant 

information over and above the three stated and should be 

documented accordingly. 

Documentation include a map record sheet (Appendix I, p. 
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I- 6) and a map tracking sheet (Appendix I, p. I -7) . The 

recording of the work on the map tracking sheet serves to be 

a quick reference for following each maps' progress and is 

maintained throughout the project. The mapping record sheet 

will be attached to each photo being mapped and can accompany 

the sketch through its phases up to and including QA/QC. Any 

unresolved problem can be documented in the comment section 

and settled at the QA/QC step. Another suggested record that 

is of benefit is the daily log. The mapper can use this log 

to date and record his thoughts, comments, problems, questions 

and can help other personnel become familiar with the work 

should the need arise to take over another person's task. 

The next protocol designed is for the actual mapping 

(Appendix I, p. I-8} Mapping protocol is unique to each 

project and therefore difficult to organize one with a general 

application. The essential facets to include are an initial 

perusal of the photo to be mapped in case some questions 

arise, checks for the pertinent information prior to mapping 

(neat lines, photo number, etc.), and edgematching with any 

adjoining photos already mapped. Documentation methods should 

be defined and photocopies of the drawn map should be made. 

At tributes such as polygon labels, street names, or other 
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forms of identification or any supplementary information 

should be recorded on the photocopy so the drawn map is not 

cluttered with excessive markings that may hinder the data 

conversion later in the project. Furthermore, the photocopies 

allow QA/QC to mark any error or questions on the copy without 

ruining the integrity of the drawn map. Mapping of polygons, 

lines, and points should have their own specific decision 

rules added to these mapping technique protocols. 

It is a good practice to have the photo interpreters map 

and edgematch a set of photos to be checked by quality control 

before commencing with the actual mapping process. This will 

offer the benefit of practice not only with the mapping 

decision rules but also with the edgematching protocol. 

Feedback from quality assurance can defeat potential problems 

before they arise. Once mapping has commenced, it is 

recommended that the technician use a pre-QA/QC check list 

before forwarding a completed map to quality assurance in an 

effort to detect any obvious errors. This list located on 

the map record sheet (Appendix I, p. I-6) may include 

ancillary data such as ground truthing information or previous 

data sources to verify information on the drawn maps. 

The edgematching criteria (Appendix I, p. I-9) can be 
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implemented before or after the mapping of a photo as the need 

is assessed. The first flight line photos will be edgematched 

with the photos above and below it. Once the second line 

photos are started, adjoining edgematching will commence. 

This protocol needs to address the alignment of GCP, 

continuation of drawn arcs on adjacent photos, the existence 

and location of same points on overlapping photos, and same 

attributes with associated polygons, arcs, or points. 

The QA/QC protocol designed for data checks after mapping 

is presented in Appendix I, p. I-10. Following the previously 

stated regiment, the QA process should be done by someone 

other than the original mapper, preferably by remote sensing 

personnel with the most experience. The process continues 

with a visual check of the map and quality checks for 

mandatory information. The protocol then proceeds to set up 

a guideline for the error finding process. 

The QA/QC protocol for created maps involving a large 

number of polygons and label points, should take a sample 

number of polygons and points according to pre-placed decision 

rules and verify that the information is correct. Montgomery 

(1993) recommends a 5% sampling of the data for the QA 

process. It is this author's experience that a 10% sampling 
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pool is of greater benefit for coverages with a large number 

of polygons, points, or lines. Thus if three hundred polygons 

are present on a large coverage, thirty randomly selected 

polygons are appropriate to verify the work. Unfortunately, 

this may be more expensive in terms of time and labor costs. 

If the number is small the QA/QC process would include 

verifying all polygons, lines, and points. These sampling 

decisions need to be made by management prior to the 

commencement of the work and will entail time and cost 

factors. If a notable number of errors are found with the 

first few maps drawn, it might be necessary to check with 

management personnel. It could be a systemic error that needs 

to be corrected in the protocols. 

If the mapping results in a significant number of lines, 

the QA/QC process might involve inspecting that intersections 

are correct or that the arc lies on the correct boundary of a 

polygon. Again a 10% rule is recommended for sampling 

protocol if the coverage contains a large number of elements. 

The point is that the QA/QC process must be tailor made to fit 

what the mapping project involves. Before proceeding, it is 

important to go over some general QA/QC guidelines. 

Ground truthing of some of the mapped aerial photographs 
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will be of benefit for the developement of attribute accuracy. 

An error matrix as presented in Chapter Two, section will 

illustrate the presence of any significant classification 

error present. 

A photo interpretative key may be a useful addition when 

using aerial photo interpretation. This key is used as an aid 

to identify land use, land cover, or any other type of 

classification when interpreting the photos. The key can be 

photographic with sample pictures taken that contain elements 

to be classified. There is also a descriptive key which 

identifies important elements of each classification. The 

combination key, photographic as well as descriptive, is 

probably the best. When a class is undiscernable from another 

in the photo, often the descriptive information will hold the 

key to identification and vice versa. 

3.5.2 General Quality Assurance and Quality Control 

Recommendations 

A few suggestions for the QA/QC process are presented for 

this research. It is important that a technician should never 

check his own work. Often, when working too closely with a 

data set, it is difficult to see the forest for the trees. In 
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other words, once working with a data set too closely, it is 

easier to overlook errors. Therefore, it is recommended that 

different personnel be used to QA/QC a coverage and that they 

are the most experienced at the particular level of data 

manipulation. 

This procedure should be in strategic locations between 

data manipulation phases so any errors can be found and 

corrected early and easily instead of being compounded by the 

next phase of data handling. This step should be designed to 

coincide with the data being checked whether they are 

polygons, points, lines, or a combination of all three and 

their associated attributes. QA/QC steps are suggested 

between mapping and data conversion, between data conversion 

and after editing of the coverages, and finally, after the 

coverages are appended in the final GIS product. 

Quality assurance needs to make sure that all pertinent 

information is present. This information could be an 

identification number or name, the name or initials of the 

technician who did the work to allow for referencing of any 

errors, and the correct identification and location of tics, 

ground control points (GCP) or other georeferencing features. 

When errors are found, a system for correction should be 
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charts are identical once progress has been made to the 

edgematching step. The GIS coverage work form for these 

phases can be found in Appendix I, p. I-11. These are to 

accompany each coverage through its conversion process and 

into the GIS phase. The daily log continues to be an ongoing 

documentation process 

technicians. 

that will be kept by the GIS 

Digitizing will be commented on first. It proceeds along 

the path of the decision rules that are recommended in 

Appendix I, p. I-12. A training session for personnel is 

needed if inexperienced or some time for familiarization for 

trained personnel. Since digitizing is a relatively simple 

method of data entry into a GIS, it is recommended that a day, 

possibly two if data is complicated, be set aside for 

instruction in the methods of data entry, edgematching, 

acquainting personnel with the data set, and practice time. 

Again, trained personnel may only need an hour to peruse the 

maps for any potential problem. 

It is important that the map be reviewed by the digitizer 

so that they become familiar with the coverage. This should 

be systematic and included 1n the training and project 

orientation. It also serves as a time to get questions 
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resolved prior to initiating the digitizing process and might 

result ln the return of the map to aerial photo 

interpretation. Map registration rules need to be spelled out 

including how to re-register if digitizing is to be continued 

at the next session. This is known as the RMS error or Root 

Mean Square error. It is a measure of tic registration 

accuracy during digitizing and coverage transformation (ESRI 

1991, p. xxxiv). Tics are registration points or geo-

referencing points on a coverage representing known positions 

on the earth's surface. The greater the number over .000 the 

greater the error. The allowable RMS error needs to be 

explicit for each project. In the case of Arc-Info, 

tolerances can be defined for the CLEAN or BUILD programs for 

each project. They are used to build topology for a coverage 

and can have specific tolerances noted. Topology is created 

to help identify spatial errors for editing. It shows where 

unclosed, unlabelled, or multi-labelled polygons are located 

and where pseudo or dangle nodes exist. 

overshoots, undershoots or dangling arcs. 

It can exhibit 

The tolerances that need to be addressed are dangle 

length, arcs that extend beyond a digitized boundary (ESRI, 

1991, p. 5-12), and fuzzy tolerance which removes coordinates 
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within the selected distance of other coordinates on the 

coverage (ESRI 1991, p. xxix). Some of these tolerances will 

be set specificly for each digitizing project using either the 

programs default or chosen numbers. The protocols then need 

to address registration of tics, digitizing, error correction 

methods, topology creation, record keeping, and finally, 

quality checking. 

This process is followed by digitizing the actual data, 

editing procedures, and the process of CLEAN or BUILD of the 

coverage. Editing procedures involve closing polygons, adding 

or subtracting polygons, arcs, or points to match the original 

coverage, and general truthing of digitized map to the 

original. The BUILD or CLEAN process constructs topology and 

creates attribute tables. The major difference is that BUILD 

processes points, lines, and polygons while CLEAN processes 

only lines and polygons ( ESRI, 1991, P.5-10) CLEAN also 

adds nodes where intersecting lines are found. 

As previously mentioned, within these two processes 

tolerances are set. These tolerances tell the computer to 

drop dangling arcs (dangle length) if they are shorter than 

the pre-set distance (ESRI, 1991, p 5-13) and allows removal 

of coordinates within a minimum distance of other coordinates 
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(fuzzy tolerance) (ESRI, 1991, p.xxix). 

Scanning is a relatively easy method of data conversion 

that requires little or no training. Experienced management 

is important to define the parameters to set that is 

appropriate for the project. As with digitizing, the scanning 

flow chart (Figure 3.4, p.86) starts with a perusal of the map 

for familiarization and, should any questions arise, allows 

for reference back to aerial photo interpretation. Pre-

processing to eliminate marks, lines, or texts that should not 

be a part of the scanned image is the next procedure. 

Parameter levels and steps for the scanning need to be spelled 

out in the protocols (Appendix I, p. I-13) 

* Resolution (dots per inch) 
* Units (inch, meters, etc) 

These include: 

* Scan mode (black and white, color, etc.) 
* Area to be scanned 
* Picture quality adjustments 

-Brightness 
-Sharpness 
-Magnification 

* Type of file to save scanned image 
* Records to keep 

Different scanners may have different parameters so it falls 

on management to outline a clear and concise documentation of 

these necessary protocols. Steps to input the scanned image 

to a GIS should be addressed next on the protocol. 
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Any map that is to be scanned needs to have any 

extraneous markings or information eradicated. These 

superfluous blemishes will appear as data elements after the 

scanning process. Once the data is scanned and converted into 

image files they can be imported into a GIS. If the GIS being 

used is raster based, editing can commence. If a vector GIS 

is utilized, then the additional process of raster to vector 

conversion needs to be implemented (Appendix I, p. I -14) . 

Most GIS softwares have this utility package available. 

Conversion programs are serviceable programs written to 

accomodate data with different formats and sources (Antenucci, 

p. 1991) Conversion software is available with some GIS 

software packages or through other vendors. Therefore, each 

protocol needs to be specific to the software being used. The 

important criteria to cover when designing a protocol for 

conversion are as follows: 

* Set parameters for tolerances when converting 
* Set parameters for tolerances when creating topology 
* Editing map to eliminate superflous marks 

Conversion usually involves tracing a vector coverage over the 

raster based GRID image with conversion tolerances again 

specified in the protocols. Editing can commence on the 

traced vector file with the topology tolerances that were 
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implemented then proceed to find and correct overshoots, 

undershoots, unlabeled polygons, etc. 

Aronoff (1993) suggests that digitizing should be 

selected as the data conversion method if: 

* Few maps are needed 
* Maps are not in scannable form 
* Lots of extraneous information present on map 
* Interpretation or adjustment required during 

encoding process 

He recommends the use of scanning if maps are: 

* Clean and simple 
* Contain no extra information 
* Contain large number of spatial elements 
* Large number of irregular shaped features present 

Therefore, the decision to use either is a cost benefit trade 

off. These considerations need to be taken into account 

before the manager decides to use digitizing or scanning. Of 

course, the decision may be out of management's hands if only 

one data conversion method is available to the project. 

Editing of a GIS coverage (Appendix I, p. I-15) can be a 

tedious chore if the coverage is complicated. In this 

instance, it is recommended to devise a grid coverage so the 

personnel can zoom in on sections in a regimented way. Then 

the check for undershoots, overshoots, unlabelled polygons, 

multiple labels, pseudo nodes, etc. can be accomplished. 
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Always remember to rebuild topology when changes are made. 

Editing an uncomplicated coverage is just a matter of zooming 

in on the four quadrants of the coverage. Complicated or easy 

it is of benefit to get a closer look at any error that may be 

unseen at the normal view. 

Quality assurance after the editing of the coverages 

(Appendix I, p. I-16) can be accomplished in two ways from 

ARC and INFO sources. ARCPLOT is the module that is 

recommended for this portion of the QA/QC process. Polygons 

or lines with the same attributes can be highlighted in 

different colors to make them stand out of the coverage for 

easy comparison to the original. Therefore, any ommission or 

commission errors can be easily seen when referencing the 

original map. Any misclassifications will also stand out. It 

is also recommended to zoom in to various quadrants, using the 

designed grid, of the coverage for closer look at the areas. 

Imposing the grid as an overlay onto the coverage and then 

zooming in on each square will allow for a systemic search for 

error in a coverage with a significant number of elements. 

The INFO files will show if a polygon, line, or point is 

without an attribute or class. Calling up the ID number in 

ARCPLOT and highlighting that data element will allow the 
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technician to zoom 1n and again compare it to the original for 

error correction. 

Correction of errors should proceed according to 

previously devised rules by either having the QA personnel do 

the correction or noting the errors on the GIS QA/QC Form 

(Appendix I, p. I-17) and returning to the digitizing 

technician. For a complicated coverage it is recommended to 

use the form so errors can be described and located in a 

concise manner. 

It is recommended to keep the GIS Coverage Work Forms 

(Appendix I, p. I -11) in a binder for easy access and 

reference. One form should be kept for each coverage and the 

tasks checked off as completed. Like the Map Record Sheet 

(Appendix I, p. I-6), this form will accompany that coverage 

through its cycle from the data conversion step through to its 

merging with the final coverage. Again, it contains a pre-

QA/QC check list and allows for comments. It is recommended 

that one technician be responsible for the coverage from its 

conversion through to its error correction and transformation 

stage. This allows for continuity and uniformity in the 

processing of the data. 
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3.5.4 Edgematching and Joining of Coverages 

Once either conversion method has been employed and the 

GIS coverages have been edited and quality checked, the 

merging process can be initiated. This process involves 

selecting coverages with mutual boundaries and combining them 

into one coverage. Prior to the actual merging of the maps, 

they must be edgematched (Appendix I, p. I-18). This process 

involves comparing two adjoining coverages to insure that all 

features match on either side of the border, that all item 

definitions match, and that feature attributes are consistent 

between the two. The maps then need to be matched via linking 

of each feature item and map borders and making necessary 

adjustments. As always, any time arcs are added, deleted, 

moved, etc. it is necessary to rebuild the topology. Next 

step is a check of the feature attribute tables in an effort 

to maintain the integrity of the information. Here it is 

necessary to check for missing items, item and output widths 

that have changes, or items in different order. Lastly, 

after all of the above checks have been performed, the maps 

can be joined into the final coverage. The same process is 

repeated with each coverage until all the maps are joined. 

The recommendation is for one technician to do all the map 
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joining and appending work in an effort to maintain 

consistency and uniformity. The Edgematching and Joining of 

GIS Coverages check list (Appendix I, p. I-19) is a systematic 

method of ensuring consistency in the work. 

The final QA/QC (Appendix I, p. I-20) should follow the 

same path as the quality checks after editing, that is, using 

the ARC and INFO methods for data verification. Use the grid 

to zoom in on sections of the coverage when checking and 

correcting error. Look at the INFO files to check for 

unlabeled or multi labeled elements. If QA/QC is well thought 

out and designed throughout the previous steps, then error 

should be at a minimum once the data reached this stage. 

3.5.5 Additional Documentation of Importance 

A protocol that is important to any IGIS project is the 

naming convention (Appendix I, p. I-21). As noted above a GIS 

coverage has to undergo many processes. One coverage may 

undergo many editing, CLEAN, or BUILD sessions as well as the 

transformation process. Coverages may contain arcs, polygons, 

or points. One way to maintain a disciplined process of 

following the work done to one map is the establishment of a 

naming convention. This practice "standardizes the names of 
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operations performed on a digital coverage for communication 

function" (Harper, 1980, p. 60). 

To ensure a consistant naming convention across different 

hardware platforms, it is beneficial to follow the 8.3 

convention as supported by ESRI (ESRI. 1994, p. 5-97). The 

first eight characters of the name reflect information 

regarding the coverage while the three characters following 

the decimal point reflect the type of file. For example, a 

coverage name of ABCDEFGH. GRA means that it is a graphics 

file. ARC/INFO software only allows an alpha character in 

the first of the eight positions. This can be used to 

illustrate an arc, point, or line coverage at the generic 

level. At the more in depth level it can be representative of 

any coverage according to protocol designated by management. 

The next three positions could be filled with alpha or numeric 

representations of the map ID. The next two sites could 

exhibit the operation that the coverage has undergone followed 

by the number representative of the mapping processes 

performed. Again, the examples set out in the naming 

convention are generalized rules and can be reviseded for each 

unique project. 
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Lastly, the manager needs to implement record, log, 

documentation, key, or any other ancillary information that 

will make the correct identification of an element possible or 

tracking of information better. 

3.6 Phase Three Documentation 

Following Harper's (1980) documentation phases, the last 

one to be discussed is the user reference phase. This phase 

encompasses all the final products defined in the project 

specification documents or all "supporting information" 

(Campbell, 1987, p.489). It must include the final report that 

will present the following information (Campbell, 1987, p. 

499) 

* Regional setting 
* methods and materials used to prepare coverages 
* definitions of mapping units 
* results summarized 

Over and above these four it is important to include the 

following: 

* accuracy assessment 
* metadata file 

there is a difference between the results summarized and the 

accuracy assessment. Results summarized do not necessary 

present a measure of the data quality. It could just mean 
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that the map of an area was complete or that the number of 

counties in a digital map is equal to the original map. 

Accuracy assessment involves in depth reporting of the 

quality of the final product. It is the "most accurate way to 

express accuracy of maps and images that are remotely sensed 

by a statement of percentage of the map area correctly 

classified when compared with referenced data" (Story, 1986, 

p. 397). This is usually presented in an error matrix of the 

interpreted photos as described in Chapter Two. This matrix 

is filled out according to the directions outlined by Chrisman 

(1991 b). In addition, the accuracy assessment of the final 

digi tral coverage needs to answer the following questions 

(Montgomery, 1993) 

1. Is all the information present? 
2. Has it been verified against source documents? 
3. Is the positional accuracy within acceptable 

limits? 
4. Are the symbols appearing on the map a correct 

representation of the data elements they signify? 
5. Are features spanning multiple plots correctly 

edgematched? 

Accuracy assessment is a measure of the data quality. It is 

virtually impossible to get an error free coverage. This 

accuracy assessment must state the level of acceptable data 

quality. 
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Metadata files should accompany all project final 

products. It will consist of (FGDC, 1994a) 

* an explaination of the data set 
* how it was developed 
* what data sources were used 
* who developed the data set 
* when it was developed 
* data set•s intended use 
* geographic boundaries of data set 
* data quality of data 

-positional accuracy 
-attribute accuracy 
-logical consistency 
- completeness 

This file will serve the purpose of informing users of the 

"content, quality, condition, and other characteristics of the 

data" (FGDC, 1994a, p. v) . 

The Metadata Content Standards is a relatively new 

concept bought in June of 1994 (FGDC, 1994a, p.v) and not 

necessarily used by all GIS users. A more established 

documentation for the user reference is that of the data 

dictionary. It is a document maintained for each coverage 

that names attributes, their description or values, and their 

relationships to each other (ESRI, 1991). An example of a 

data dictionary from Martin County is provided in Appendix I, 

pp. I-21 & I-22. 

After examining the data dictionary and reading about the 
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Metadata Content Standards in this research, it can be seen 

that the depth of information gathered by the Standards is a 

far better user reference document due to its depth of 

information. 

3.7 Semi-autonomous Work Setting As a Candidate For An IGIS 

Project. 

Managers will find that a semi-autonomous work setting 

discussed 1n Chapter Two is considered to be an essential 

component for any IGIS project. It allows for varying 

personnel with varying strengths to lead in their respective 

areas of expertise. The biologist in the group may be 1n 

charge of putting together a photographic key in order to 

assist mappers in identifying vegetative classifications. The 

GIS technician may design the edgematching protocols for 

appending coverages. The importance lies 1n management 

allocating the components of a larger task to those most 

knowledgeable in each phase of the project. As the work 

shifts from one phase to the other all members of the staff 

shift with it. Each team member gets the added benefit of 

increasing their knowledge of the project workings and of the 

assorted technologies. 
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An orientation meeting should be set-up at the beginning 

of each IGIS project to familiarize the staff members with the 

project specification, time constraints, training regiment, 

documentation, and all other issues that are pertinent to each 

project with its diverse needs and problems. Weekly progress 

meetings to follow the original orientation will give managers 

a timely forum for discussion of any problems that may arise, 

the idea being that many minds have many ideas on how to 

resolve them. Progress can be gauged and resources shifted to 

accelerate a particular phase of the task that is lagging. 

Once all members of the project are more comfortable with the 

work and many problems have been resolved, the weekly meetings 

may become superfluous. These can then be shifted to biweekly 

or even monthly conferences as deemed necessary. 

Unfortunately, this is the real world and in this world 

things are not always as management would have it. The 

managerial structure of a particular corporation may be the 

vertical hierarchy and does not allow for a team effort with 

autonomous capabilities as that proposed in the previous 

paragraphs. One person in the biology department may be in 

charge of identifying vegetative classifications on an aerial 

photo while someone else in the remote sensing department may 
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be charged with mapping the classifications. In this work 

place, it is still imperative that a good dispersement of 

information be readily available. If weekly meetings of all 

members of the project are not applicable, all project 

personnel need to be informed of the following: 

* Projects objective 
* Time constraints 
* Project members and their duties 
* Timely updates regarding work changes and progress 

This will make workers feel as if they are a part of the team 

despite their independent work status. 

3.8 Summary 

This chapter outlines a documentation methodology using 

the Metadata Content Standards to extract critical 

information. It was applied to a three phase documentation 

technique designed to cover all important record keeping 

functions as they apply to each phase of an IGIS project. 

This documentation will be compared to the records designed 

for a project described in the next chapter. The project did 

not use the Metadata Content Standards when developing its 

documentation therefore making it an excellent comparison 

opportunity. The two sets of records will be compared with 
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regard to the important information extracted in Chapter Five. 

Furthermore, this methodology also supports semi-

autonomous work setting and a managerial technique that 

encourages motivator, leader, and team coordinator as well as 

decision maker. The evolution of the management system in the 

next Chapter will support this concept as being significant to 

the work flow of an IGIS project. 
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CHAPTER IV 

LESSONS LEARNED FROM THE SOUTH 
FLORIDA WATER MANAGEMENT DISTRICT PROJECT 

4.1 General Project Information and Overview 

The South Florida Water Management District (SFWMD or 

District) project was a two phased database creation venture. 

It was an integrated geographic information system ( IGIS) 

project of a combined aerial photo interpretation, mapping, 

and geographic information system (GIS) undertaken by the 

members of Florida Atlantic University's (FAU) Geography 

Department. Developement of a baseline GIS database of 

melaleuca distribution in western Lake Okeechobee was the 

first stage. It was designed to help monitor the impacts of 

the melaleuca removal program implemented by the District. 

Second stage was a baseline vegetative types GIS database for 

future time series analysis of western Lake Okeechobee. 

It should be noted that this IGIS project was a 

cooperative effort between an academic setting, Florida 

Atlantic University (FAU), and a government agency, South 

Florida Water Management District. As such, it may not be the 

exact replica of an every day IGIS working environment, but 
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none the less, it has merits that pertain to the bulk of this 

research project. Furthermore, this research is only 

applicable to database creation projects. 

modelling projects are not covered. 

Data analysis or 

The intention of Chapter Four is to present and review 

the documentation designed for the SFWMD project thus allowing 

for comparison. Documentation for the project will be 

reviewed in a manner following the outline of the Metadata 

Content Standards. Information contained in the documents 

will be discussed under the appropriate Standards heading. In 

this manner, it will be possible to ascertain which documents 

contain what data and how well they "fill in the blank" on the 

Standards. This is being done in an effort to illustrate the 

premise that usage of the Metadata Content Standards help 

formulate records that will increase the depth of information 

garnered therefore, increasing the project's data quality. A 

comparison of the Chapter Three and Chapter Four records will 

be discussed in the next chapter. 

Information will be gathered from records contained in 

both phases of the District project with the exception of the 

final report. The vegetative classification phase of this 

undertaking is still in progress making a final report for the 
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vegetative database unavailable. Cited will be the one 

submitted for the melaleuca database creation phase of the 

project. 

A significant number of work flow charts, protocols, and 

records were developed for each of the two mapping and GIS 

phases of the SFWMD project. Due to the large number of 

documents, it became more efficient to place them in one 

section, Appendix II. This appendix will contain the figures 

referred to in the first section and the protocols and records 

developed in the second half. The reason for the increased 

volume of records in this chapter is due to the fact that the 

parameters of the SFWMD project were known. Documentation 

presented in the previous chapter was created at a generic 

level in an effort to be applicable to varied IGIS projects. 

Therefore, a greater number of records are presented because 

they were developed to meet the specific needs of the project. 

The further intent of this chapter is to examine the 

everyday workings and management of a semi-autonomous work 

group. It will exhibit how problems and questions can be 

resolved in this work setting with greater efficiency 
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4. 2 Metadata Content Standards Not Implemented In This 

Project 

The Metadata Content Standards were approved by The 

Federal Geographic Data Committee on June 8, 1994 (FGDC, 

1994a) . The first phase of the SFWMD project was started ln 

October, 1994. This time lapse did not allow for dispersal of 

the standards and so was not implemented in the documentation 

design. Because of this, the records developed for the SFWMD 

project make an excellent comparison source to the original 

documents presented in the previous chapter. It is this fact 

that will aid in the assessment of the Metadata Content 

Standards as a data quality tool. 

As stated previously, the use of the Standards when 

designing documentation is at the core of this research. It 

is presented as a method for extracting information that is 

critical to a venture and keeping data organized for any 

project, therefore, enhancing the level of project quality. 

Analysis of the information in the SFWMD documents will be 

presented as it pertains to the Metadata Content Standards. 

The conclusion of this research will elaborate on the final 

results of the comparison between the two documentation forms. 

As in the methodology chapter, information that is important 
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to the standard will appear in bold face and major divisions 

of the Standards will be capitalized. 

4.3 Information Garnered From the Documents 

IDENTIFICATION INFORMATION is the "basic information 

about the data set" (FGDC, 1994a, p. 3) It contains data 

regarding the source of the information (CITATION) , 

description, time period of information, geographic location 

that the data covers, constraints for use of the data, and 

cross references. 

The source of the information with regard to who did the 

processing of the data is contained in the final report 

(Morrow, et al, 1995) which states the originator of the 

information is Florida Atlantic University Department of 

Geography, publishing date of February 28, 1995, and titled 

"Lake Okeechobee Melaleuca Digital Database Creation Project". 

No additional online linkages, larger work cited, series, or 

publication information was needed since they were not 

applicable. 

Flight specification data is a deficiency when looking to 

get source of the information. This is information regarding 

the photo taking flight. What were the weather conditions, 
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what geographic area did it cover, and what film processing 

took place is information that was found to be lacking. 

Information of this nature is important not just to the source 

information of the reports but to the photo interpretation 

process also. It is an aid for the interpreter to know what 

aspects of the flight might affect the interpretation; ex: 

Time of day that flight was flown would assist the 

interpretation of shadows as they appear on the aerial photo. 

The description of the data should present an abstract of 

the information, its intended use and purpose. This 

description was found in the project specification document. 

The first page of the document clearly states (SFWMD, 1994): 

* A baseline GIS database of melaleuca distribution in 
western Lake Okeechobee designed to help monitor the 
impact of melaleuca removal programs. 

* A baseline vegetative types GIS database for future 
time series analysis of western Lake Okeechobee. 

Time period of content or the date that the information 

corresponds to the ground should contain information regarding 

when the data was gathered and how long it took to process the 

information. The only specific date referenced was a mention 

that the aerial photos were taken in "May, 1994" (Morrow, et 

al, 1995, p . 3) There is a Gantt chart present (Figure 4.1, 

p.119) in the specification document but it is defined in a 
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ten month period without any beginning or ending dates. This 

could have been done in an effort to use it as an estimation 

of the project's time frame rather than a definitive time 

line. 

Specification documents (SFWMD, 1994) cannot be indepth 

regarding the geographic location since the exact boundaries 

of the final data set can only be ascertained from the final 

GIS coverage. Therefore, the description of " the littoral 

zone of Lake Okeechobee" or "1000,000 acres" are adequate for 

the place requirements of the Standards. The final report 

should have contained the North, South, East, and West 

boundaries or the spatial domain of the geographic area 

covered stated in the coordinate system used for this project. 

In this case, the system would have been state plane 

coordinates. No geographic data of this nature was found in 

any of the records for the project. 

Keywords or phrases that summarize "an aspect of the data 

set" (FGDC, 1994a) were found in the data dictionary that was 

a part of the final report. These keywords were MELALLEUCA 

and POLYGON, as taken from an example in the data dictionary 

for the MELMAP coverage (Morrow, et. al., 1995 p. 27). They 

referred to the fact that the final product is a polygon 

105 



coverage for melaleuca stands. 

ARC/INFO is the software designated by SFWMD to be used 

in the specification document. Zoom transfer scope and 

stereoscope are equipment mentioned for the photo interprative 

work. Information that is important to the description of the 

producer's (FAU) processing environment. Access and user 

constraints, browse graphic, and security information were not 

pertinent to this project since a metadata file was not 

submitted as a final porduct. 

The DATA QUALITY INFORMATION was placed in a separate 

report issued after the final report. Accuracy Assessment for 

positional accuracy was performed by SFWMD on a later date. 

This reports provided DATA QUALITY INFORMATION needed for the 

Metadata Content Standards. It is an approximation of the 

data set quality. It stated sampling method (30 sample points 

that could be ground truthed in one day (Shaw, et al, 1995, p. 

1), processing steps, confidence levels, mean distance error 

(calculated from X - Y horizontal positional accuracy), and 

standard deviation calculations. It concludes with a 

statement of where the introduction of error could have taken 

place. 

Attribute accuracy assessment was performed by the 
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District after the submission of the final melaleuca report 

and coverage. Information regarding the accuracy of the 

attribute classification was unavailable. 

SPATIAL DATA INFORMATION was found in the specification 

documents, map records and protocols, and final report. 

Melaleuca polygons classification contained in the General 

Rules for Remote Sensing (Appendix II, p.II-30) presented the 

indirect and direct spatial reference. This information was 

found in the specification document also. The vegetative 

classification scheme can be found in the Summary guide for 

the Lake Okeechobee Photographic Interpretive Key (Appendix 

II, p.II-56 & II-57). This key contains not only the 

classification scheme but a textual description of 

characteristics common to a specific vegetative type. 

There was no mention of the number of points, arcs, and 

polygons developed for the melaleuca project. This is 

information that should have been present in the final report 

since this is where the point and vector information should 

have been located. It would be beneficial for any user of the 

data set to know the number of entities contained in that data 

set. It will give them an idea of the size of the data set 

and how much work it will entail. 
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SPATIAL REFERENCE INFORMATION describes the "reference 

frame and means to encode, coordinates in the data set" (FGDC, 

1994a) . The specification document states that the "database 

will be registered to the State Plane coordinate system, datum 

NAD 72 I east zone = 3601. Melaleuca mapping protocol named 

Setting up each Quad sheet (p. II-33) and Work Flow for 

Digitizing (p. II-35) also contain the coordinate sytem 

information but not in depth. Information of this importance 

should have also appeared in the final report with the four 

boundary coordinates of the final coverage itemized. 

ENTITY AND ATTRIBUTE INFORMATION are the description of 

points, polygons, or arcs that are on a coverage. It 

describes what they represent and their classification. In 

the SFWMD project, the melaleuca phase contained point 

coverages denoting single live melaleuca in otherwise dead 

polygons. Arc coverages represented airboat trails found on 

the maps. Polygon coverages with labels denoting 

classifications were noted in the specification document as 

( s FWMD I 19 9 4 ) : 
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LIVE 
Monoculture (80%+) 
20%-80% 
Less than 20% 

DEAD 
Monoculture (80%+) 
20%-80% melaleuca 
less than 20% 

The General Rules for Remote Sensing (p. II - 1) contain the 

classification scheme for the mapping of the meleleuca 

polygons, the classification scheme for the GIS portion of the 

mapping can be found in the Work Flow for Digitizing (p. II-

35). Classification scheme for the vegetative mapping phase 

was much more extensive with 34 classes presented on the 

classification key (p. II-56 & II-57). 

The next two sections in the Metadata Content Standards 

are DISTRIBUTION INFORMATION and METADATA REFERENCE 

INFORMATION . These sections are for distribution of the 

information in digitial format. It allows users to access 

information regarding how, where, and when of retrieving the 

data set. Since the DISTRIBUTION INFORMATION is developed for 

online access, it was not pertinent to the project. Same 

holds true for the METADATA REFERENCE because there was no 

metadata file organized for the project. 

The CITATION INFORMATION and TIME PERIOD INFORMATION were 

expounded upon previously. They are compound elements that 

make up the IDENTIFICATION INFORMATION cited previously. 
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CONTACT INFORMATION contains names of people and 

organizations involved in the developement of the data set and 

how to communicate with them. Contact person for the District 

was not mentioned in the specification document nor the final 

report. The impact of this type of information is of greater 

importance when the data will be distributed to other 

organizations or people who may not have all the necessary 

information. They will need to access the people who "know" 

when questions arise. 

The general conclusions that can be derived from the 

exploration of this documentation are as follows: 

* Final report didn't contain facts. The report reviewed 
was a generalized explainations of the process versus 
the results. 

* Parameters and tolerances are found in the protocols 
designed for the specific task. Information of this 
nature needs to be located here to ensure uniformity 
in the processing of the data. 

* There was a lack of an ordered method for reporting 
the findings. 

4.4 Review of the Documentation 

The documentation will be reviewed following Harper's 

(1980) three phase documentation principles. Analysis/study 

phase contains preliminary designs and identifies the general 

aspects of a project. It contains project specification 

110 



documents and generalized flow charts. Second phase is called 

the designs/project specification section. It contains 

specific requirements and testing criteria for each functional 

task. Protocols, records, and QA/QC methods are outlined in 

this second phase. The last phase consists of user reference 

documents. These are designed to aid the user of the final 

product to better understand the data. 

All the documents developed for the project can be found 

in Appendix II. The work flow charts (II-1 to II-29) are at 

the beginning of the section. Protocols and records are 

contained in pp. II-30 thru II-66. 

4.4.1 Phase One: Analysis/Study Phase 

The phase one documentation for this project included the 

specification document and general work flow charts. The 

specification document very clearly stated the project's 

objectives and the data's intended use (SFWMD, 1994, p. 1). 

Technical approach is specifically written detailing the tasks 

to perform and how to perform them. Classification schemes 

are presented or states how they are to be developed. 

Geographic area is noted in the generalized terms of "littoral 

zone of Lake Okeechobee" (SFWMD, 1994, p. 1). 
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The shortcommings of this document lies in the lack of 

background information, data sources, and dates of information 

gathering. The only statement regarding these three areas of 

information was the statement that the District would 11 lend 

FAU researchers the aerial photos 11 and 11 provide base maps 11 

( s FWMD I 19 9 4 I p . 2 ) . The lack of a flight specification 

document was felt to be a handicap with the photo interpretive 

phase of the project. Questions arose regarding differences 

in shadows and colors for which a flight specification 

document would have been an asset. 

Time frame for the project was another shortcomming. The 

fact the flight was flown in May of 1994 only appeared in the 

final report and the time frame of the project was in a 

generalized ten month Gantt chart (Figure 4.1 1 p. 113). This 

could have been written as an estimation of time needed to 

complete the work rather than a definitive time reference. 

There is no information regarding when the project was 

actually started or finished. A user would not know the 

information time frame that they are getting. The fact the 

the aerial photos were taken in May 1 1994 and the final 

melaleuca report was February 28 1 1995 would be their only 

reference. 
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10 

5.0 MAJOR DELIVERABLE$ 

a) Gantt Chart (M = Month) 

Project begins Ml M2 MJ M4 M5 M6 M7 M8 M9 MlO 
with the Rep 
delivery of the and 
aerial Inv 
photographs due 
columns at 
represent end 
months of 

MJ 

Melaleuca XX XX XX XX 
Mapping 

Sampling and XX XX XX XX XX 
ground truthing 

Creation of the XX XX XX XX XX 
digital map 

Delivery of XX 
Phase 1 
products to 
District 

Vegetation XX XX 
Classification 

Vegetation XX XX XX XX XX 
· .... . ,, 

XX XX 
Mapping 

Sampling and XX XX XX XX XX XX XX XX 
ground .truthing 

Creation of the XX XX XX XX XX XX XX 
digital map 

Monthly Reports X X X X X X X X X X 

Delivery of XX 
final product 
to District 

At the end of month 3 (MJ) I an l.nVOl.Ce for$ 17,000 Wl.ll 
be presented to the District. The final deliverables, including 
computer files and a final report for Phase 1 will be presented 
along with an invoice for $11,582 no later than Month 6. The 
deliverables for Phase 2, including the final report, invoice, 
digital files and aerial photographs will be presented to the 
District in Month 10. 

Fi8ure 4.1: Gantt Chart (SFWMD, 1994) 
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The generalized work flow charts developed for both 

phases of the project are Figure 4.2 (p. 115) and Figure 4.3 

(p. 116). They are a clear and concise illustration of the 

major task to be performed and can be used as a guideline for 

any IGIS project involving aerial photo interpretation, 

mapping, and GIS. The quality assurance steps are located 

after each major task to prevent the compounding of error by 

the next step of data manipulation. 

4.4.2 Phase Two: Design/Project Specifications 

The phase two documents include in depth flow charts, 

protocols, and records developed for each task of the project. 

They were developed by the participants of the project prior 

to the actual mapping of each phase and were refined as 

needed. Contents of the flow charts may not be pertinent to 

the specific areas of the Metadata Content Standards, but they 

serve to outline the methodology of a project. Any varience 

from the set outline could introduce error. 

Flow charts will be the first set of documents to be 

examined. From this point on all Figures will be found in 

Appendix II ranging from Figures II-1 to II-29. They were 

developed for the melaleuca mapping phase of the project. A 

114 



! 

Flowchart for Lake Okeechobee 
Melafeuca Oatatbase Creation Project 

[ ___ Phoro Interpretation ~ 

I Quality Assessment of Melaleuca Coverage Created By Photo Interpretation 

I Digitizing of Melaleuca Maps J 

I Quality Assessment of Digital Database of Melaleuca Coverage J 

' 

Merging of Individual Quadsheet Coverages Into Final Melaleuca Database 

I Quality Assessment of Frnal Database and Coverages 

I Write-up and Delivery of Melaleuca Database I 

J 

I 

j 

Figure 4.2: Flowchart for Lake Okeechobee Melaleuca 
Database Creation (Morrow, et. al., 1995) 

115 



Photo Interpretation 

Quality assessment of Vegetative Coverage 
Created by Photo Interpretation 

Scanning of Vegetation Maps 

Quality Assessment of Digital Database of 
Vegetative Coverage 

Merging of Individual Coverages into Final 
Vegetation Database 

,----_j--------, 
Quality Assessment of Final Vegetative Database 

I 

i 
Write-up and Delivery of Vegetation Database 

Figure 4.3: Flowchart for Lake Okeechobee Vegetative 
Database Creation Project (SFWMD, 1995) 
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lack of consistency can be noted in their representation. 

Inconsistency can be seen 1n the documentation noted on 

various charts. Some charts (II-4) contain references to 

documents and others do not (II-3). This is due to the fact 

that various personel developed these charts depending on 

their position in the project. This problem was overcome in 

the vegetative mapping phase of the project. 

Flow charts II-6 through II-29 illustrate uniformity in 

the flow charts format plus takes the charts one step further. 

These charts list parameters for various tasks to perform; ex: 

II-7 contains the parameters to set for using the scanner. 

They have the added feature of capitalizing the selections to 

choose in the software when performing a task; ex: II-14 

11 Select TOOLS on the main EDIT TOOLS mene, etc 11 
• The 

evolution to better flow charts is obvious. 

A shortcoming of these works is the lack of documentation 

steps. Information to be placed in the records could be 

illustrated. On refering back to Figures 3.2 (p. 69), Figure 

3.3 (p. 79), and Figure 3.4 (p. 80), it can be noted that 

documentation is presented on the left side of the tasks and 

are located in a manner that informs the reader what steps 

provide information that must be entered into specific 
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records. 

The author feels that the work flow charts developed for 

this project are too itemized. The question arises: Do flow 

charts really need to be as indepth as the protocols? If flow 

charts are "blue prints" (Brockman, 1990, p.13) for the work 

flow, it would be of greater benefit not to mire the work in 

details. Flow charts serve to illustrate how the work 

progresses in general terms. See Figures 3. 2 to 3. 4 in 

Chapter Three. 

protocols. 

Itemization of the process should be in the 

Protocols are the detailed functional requirements of a 

task (Harper, 1980) . It will be noted that the protocols 

presented in Appendix II are in greater depth than those 

presented in the previous chapter. That is because they were 

developed to meet the specific needs of this project and not 

of a generic nature. As before, items pertinent to the 

Metadata Content Standards will appear in bold face. 

The protocols developed for the District project exhibit 

some fine samples of design. The visual diagram of how to map 

polygons in the melaleuca mapping protocol (p. II-32) is 

exemplary. It supports the saying that "one picture is worth 

a thousand words" . It gives a textual example as well as a 
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picture example of how to map the polygons. 

These protocols also illustrate the fact that they were 

designed with the data conversion process in mind. In 

Appendix II, p. II-30, the General Rules for Remote Sensing, 

rule #9, the writer notes that mapping must be done within the 

green box (neat lines) otherwise problems will arise for the 

digitizing and appending of the coverages in the GIS. This 

fore-thought is again illustrated 1n the protocol for Setting 

Up Each Quadsheet, Appendix I I, p. I I- 3 3, rule #2. This 

supports the tenent that management must have knowledge of the 

technologies to define protocols 1n a manner that will 

increase the data quality and keep potential problems to a 

minimum. 

The protocols developed for the vegetative mapping phase 

of GIS (Appendix II, p. II-44 to II-55) are designed in an 

uniform manner, outline each task efficiently. It further 

presents any command used 1n the software in upper case 

lettering for easier referencing. All parameters and 

tolerances for any processing are itemized. 

Naming convention protocols were developed for the GIS 

stage of the melaleuca database creation stage and are found 

on page II-38 of Appendix II. A naming convention for the 
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vegetative database creation was not found but a label naming 

convention was present (Appendix II, p. II-55). They 

represent two different conventions each indicative of the 

information pertinent to each of the mapping phases. 

Shortcomings 1n the protocols are noted. These include 

inconsistencies in the format, information content, 

documentation, and redundancies. One shortcoming is the 

redundancy in the decision rules of mapping the polygons. 

These rules are explained twice (Appendix II, p. II-30 & II-

32). The protocol found on p. II-32 is exemplary since they 

not only define the mapping rules but also gives visual 

diagrams. 

protocol. 

These rules could have been compressed into one 

Another shortcoming lies in the documention. Some 

protocols inform the user of what data to record on which form 

(Appendix II, p. II-39, Procedures for Photo Interpretation 

and Mapping, last paragraph) while others (Appendix II, p. II-

44 to II-55) make no mention of records. 

Information content differ from the melaleuca mapping 

phase to the vegetative mapping phase. Protocols in the first 

phase are of a generalized nature (Appendix II, p. II-35 & II-

36) while the protocols developed for the second phase 
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(Appendix II, p. II-39 to II-55) are concise not only in the 

step-by-step methodology they present but also in the 

presentation of commands to use in upper case lettering for 

easy reference. 

Protocols for remote sensing and GIS include 

classification schemes (Appendix II, p. II-30 & II-35) for the 

melaleuca mapping phase and the remote sensing phase (Appendix 

II, p. II-56 & II-57) of the vegetative mapping. There is no 

mention of the classification scheme used in GIS in any of the 

protocols presented (Appendix II, p. II-44 to II-55). 

Record keeping for this project varied from personnel 

logs to concise coverage sheets to accompany each map. The 

fact that only one person was doing the initial melaleuca 

mapping didn't necessitate the developement of any extensive 

forms or tracking records for aerial photo interpretation. A 

record of the flight line and photos used on each Quad sheet 

was present (Apendix II, p. II-58) and a work flow sheet 

(Appendix II, p. II-59) encompassing both mapping and GIS was 

used to track the data flow. Written daily logs could support 

the process of documentating the mapping since one person can 

keep track of what they are doing. Furthermore, there are no 

numbered parameters to adhere to such as dangle length in a 
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GIS. 

The problem with this form of record keeping is an 

unavailability of information or data tracking should the one 

person be unavailable due to illness or change of employment. 

Anyone having questions regarding the developement of the maps 

for the melaleuca coverage, would have to read through hand 

written records in order to compile the needed information. 

Records were developed for the vegetative phase of 

mapping that show a trend towards improved documentation. 

This was a direct influence from the lessons learned in the 

melaleuca phase of the project. These records include the 

developement of a map tracking form (Appendix II, p. II-60). 

A quick, easy, check off reference that tracks a map from its 

origin in aerial photo interpretation to it conclusion in the 

final coverage. 

A map cover sheet (Appendix II, p. II-62) was designed 

for each aerial photo and was kept in a mapping log binder. 

Access to the stage of developement of any aerial photo 

information was made simple. Another record was the Work Flow 

Sheet (Appendix II, p. II-62). This was designed to be 

attached to each aerial photo as it was being processed. At 

this point, it would seem that the two forms could have been 
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combined into one with a copy kept in the log binder and a 

copy attached to the aerial photo. 

Records were developed for the GIS portion of the 

melaleuca database creation stage that were of a rudimentary 

nature created in an effort to keep track of the work done on 

individual coverages. These records include the afore 

mentioned work flow sheet, individual coverage log sheet, 

coverage tracking form, and QA/QC form (Apendix II, pp. II-

59, II-60 to II-63) 

The individual coverage log sheet (Appendix II, p. II-59) 

contains coverage name, date work was performed, and 

technician. Registration points, transformation RMS error, 

tolerances, and information or comments pertinent to each 

separate coverage are not noted. There is no record of how 

the coverage was appended or merged nor any mention of its 

adjacent coverages. 

A more effective way of presenting the information found 

in the two forms is presented in the GIS Coverage Flow Sheet 

(Appendix II, p. II-64) developed for the vegetative phase of 

the project . This record allows for the tracking of a 

coverage through its various manipulations, contains RMS 

errors for each tic, and continues through QA, edgematching, 
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and appending of the coverage . The rules of the naming 

convention were adhered to when filling in the vector coverage 

name of this form. 

Flow charts and protocols show how tasks are to be 

performed in generalized and itemized form. Pertinent 

information is contained in the protocols and records. They 

contain the numbered parameters and tolerances necessary for 

the process information that is important to the Metadata 

Content Standards. 

Ancillary documentation was formulated for this project 

to fullfil certain needs. They include the developement of a 

photographic key for the vegetative classification phase, 

copies of field notes correlated with the aerial photo number, 

and some mylars that contained mapped polygons of certain 

photos. 

The key contained not only photos of the different 

vegetative types but also written descriptions of the grasses, 

herbs, trees, and shrubs to be mappd. Often, just looking at 

the vegetation made it impossible to classify. The written 

description would hold a key, such as height variances, that 

would aid in the differentiating between the appearance of two 

similar classes. The field notes and mapped mylars taken when 
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on the lake were additional aids to classifying the varied 

vegetation found on Lake Okeechobee. 

4.4.3 Phase Three Documentation: Final Deliverables 

At the time of this writing, the vegetative 

classification protion of the SFWMD project is still on going. 

Therefore, this research will use the final products that were 

delivered to the District for the melaleuca database creation 

as a comparison to the final report parameters presented in 

the previous chapter. 

The final products delivered to SFWMD were the digital 

copy of the melaleuca databases developed in ARC/INFO. It 

consisted of three digital coverages 1) a polygon coverage 

called MELMAP containing all the mapped melaleuca stands, 2) 

a point coverage containing locations of single live 

melaleuca, and 3) arc coverage of the location of airboat 

trails. The final report contained project summary, 

individual reports for aerial photo interpretation and GIS, 

abbreviated watch files for the GIS, protocols, flow charts, 

and data dictionary using the SFWMD format (Appendix II, pp. 

II-65 & 66). 

The digital copy of the melaleuca project was a 
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compendium of all the aerial photo maps converted into the 

ARC/INFO GIS . The data dictionary for point, arc, and polygon 

coverages were included in the final report describing what 

each of the three coverages contained. 

The final report was basically a statement of the 

processes implemented to compile this data set. While, it did 

note that "defaults" (Morrow, et al, 1995, p. 11) were used 

as tolerances, there were some glaring information ommissions. 

It did not state any specific geographic boundaries, data 

description, CONTACT INFORMATION, nor TIME PERIOD of the data 

set. Specifics, such as these, are important information that 

need to be in any final report. 

4.5 The Semi-autonomous Work Group Is A Problem Solver 

This research espouses the premise that the semi-

autonomous working envionment is an essential component of an 

IGIS project. The application of this working amtosphere can 

increase a project's data quality by enhancing the problem 

solving capabilities of management. This was clearly the fact 

in the District project. 

The melaleuca mapping phase was established as a 

horizontal work group, that is, personnel were assigned to 
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mapping or digitizing without knowledge of what or how others 

were accomplishing their work. This changed as problems with 

communication arose. On various occasions, it was found that 

problems arose in the GIS portion of the melaleuca project. 

GIS personel had questions regarding the development of these 

maps. Time was wasted in communicating these questions to the 

remote sensing personnel. Had the group started in the 

autonomous work setting instead of the individual task 

assignment, all would have been involved or at least informed 

of the mapping protocols. These problems or questions may not 

have arisen and time would have been saved. 

These problems were resolved as the project's personnel 

evolved into a semi-autonomous work group once the vegetative 

classification phase was initiated. An autonomous work group 

allows for a forum to share ideas therefore making problem 

solving easier. The vegetative classification phase of the 

SFWMD project met with classification problems. The trees, 

shrubs, grasses, and herbs classifications were defined and 

redefined as classification problems arose with varying flight 

lines. After ground truthing, certain vegetative classes were 

found to have been misinterpreted or did not appear on the 

aerial photos and therefore, deleted from the classification 
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scheme. Meetings of all personnel involved helped to define 

the classification scheme that became the final product. This 

system serves as an asset for information dispersion. As 

quickly as changes were made to the vegetative classification, 

personnel were informed. Changes in protocols or parameters 

are just as quickly disseminated throughout all project 

personnel as illustrated in the vegetative classification 

example above. 

Semi-autonomous work groups allows for allocation of 

resources in an efficient manner. When man power shortages 

were found in the mapping or GIS tasks due to project 

deadlines, personnel were shifted quickly and easily to take 

up any deficits keeping the project on time. The fact that 

personnel were trained in all facets of the project, kept 

updated on how to perform the mapping or data conversion 

tasks, and made aware of any protocol changes, allowed for 

easy distribution of personnel resources. 

Personnel with backgrounds strongest ln aerial photo 

interpretation formulated the protocols for the vegetative 

mapping phase. Those with strengths in GIS produced the 

appropriate protocols. This ensures that personnel with the 

most knowledge develope the appropriate work scheme. 
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Increased knowledge from working in this setting became 

obvious as the project progressed. Each member was trained in 

the various tasks of the project. This included aerial photo 

interpretation, mapping, scanning, etc. The result of this is 

an increased confidence level in members of the project when 

their contributions were perceived. 

A feeling of unity became prevelant throughout the group 

as every one worked together to deliver the product. Each 

member had an incentive to develope a product of good quality. 

"Remember our names will be on it" were echoed more than once. 

4.5 Summary 

The documentation for the SFWMD project while 

progressively improving contained some shortcommings. These 

include a lack of organization in reporting the facts and 

inconsistencies with developement of the records. It was 

obvious that different personnel developed different records. 

The lack of an Flight Specification document was a 

hindrance in the mapping of both phases of the project. Many 

questions arose regarding the time of flight and film 

processing. Each factor affects the appearance of the aerial 

photo therefore affecting the interpretation. 

129 



The natural evolution of personnel into the seml

autonomous work group supports the contention that it is an 

effective data quality tool. Anytime information flow is 

enhanced, data quality is enhanced. 
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CHAPTER V 

DATA QUALITY TOOLS: METADATA CONTENT STANDARDS, 
DOCUMENTATION, AND SEMI-AUTONOMOUS WORK GROUP 

This research validated the fact that the Metadata 

Content Standards, documentation, and the semi-autonomous work 

group can work together to increase the quality of an IGIS 

project. Managers with backgrounds in fields other than 

Geography can implement these tenets which will result in an 

increase of quality of a project. 

Reviewing the documentation presented in Chapters Three 

and Four it becomes obvious that the forms developed with the 

Metadata Content Standards in mind illicited a greater depth 

of project information. This can be equated with an increased 

project quality because when essential information is 

requested, recorded, and presented in documentation, the 

quality of a project can only be enhanced. 

Metadata Content Standards can be a quality control tool 

when used to evaluate the depth of information gathered in a 

project. The Standards are organized in a heirarchical 

format. This heirarchy can be used as a gauge for the depth 
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of data that is retrieved from a project's documentation. The 

deeper the data the better the project's quality. A 

comparison of the information gathered from the two project is 

illustrated below Table 5.1 and is organized according to the 

Metadata Content Standards. 

Table 5.1: COMPARISON OF INFORMATION 
DOCUMENTATION. 

Information 

IDENTIFICATION 

DATA QUALITY 

SPATIAL REFERENCE 

ENTITY AND ATTRIBUTE 

With Standards 

Citation 
Description 
Time period of content 
Spatial domain 
Keywords 
Point of contact 

Attibute accuracy 
Quantative accur. 

Positional accur. 

Lineage information 
Scale 
Source citation 
Source information 

Process steps 
Date 

Horizontal coor. 

Grid Coor. system 

Detailed descrip. 

Entity type 
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GATHERED BY 

Without 
Standards 
Citation 
Description 

Keywords 

Quantative 
accuracy 
Positional 
accur. 

Scale 

Horizontal 
coordinate 
Grid Coor. 
system 

Detailed 
descrip. 
Entity type 



TIME PERIOD 

CONTACT 

Label 
Definition 

Attribute 
Label 
Definition 
Source 

Calendar date 

Range of dates 
Beginning 
End 

Contact person 
Contact organ. 

Contact address 
Contact telephont/fax 

Label 
Definition 

Attibute 
Label 

Definition 
Source 

Calendar 
date 

Contact 
organ. 

The difference in the material gathered from each can be 

easily seen. The major areas of deficit are present in 

IDENTIFICATION, DATA QUALITY, TIME PERIOD, AND CONTACT 

INFORMATION. The SFWMD reports lack specific spatial domain, 

lineage, source and contact person information. 

The organization of a project's information can always be 

improved when an ordered manner of presenting the information 

is presented. The Metadata Content Standards is such an 

ordered framework. It can serve as a reference to the 

information that needs to be reported. If an IGIS project 

involves satellite imagery, the Standard will list the 

pertinent information needed to report on the imagery's raster 

object information. It can be also used to set up 
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documentation for an IGIS project in an effort to assist: 

* Identification of pertinent information 
* Development of records that will retrieve the 

pertinent information 
* Organization of the information 

When information can be identified, developed, and 

organized the project quality is enhanced. It insures that 

important facts will not be overlooked, will be recorded 

correctly, and will be presented in an ordered manner. This 

is especially important when compiling the final report which 

must contain all important facts of a project. 

Washington State Department of Natural Resources has 

found that the use of the Standards has (Barton, 1995) : 

* standardized entity description and 
* provided information for quality control during data 

entry. 

The Federal Environmental Protection Agency further notes 

that the benefits of using the Metadata Content Standards 

offer (Barton, 1995) : 

* consistency in procedures and 
* documents fitness for use, availability, source, and 

lineage information. 

Words such as identify, retrieve, organize, standardize, 

quality control, consistency, and fitness for use are 

associated with this research and in the findings of the two 
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organizations discussed above. These are words and phrases 

that are associated with data quality which re-occured in this 

research. These are also words associated with the Metadata 

Content Standards. 

The South Florida Water Management District Project's 

documentation was formulated without the benefit of the 

Metadata Content Standards. There was no ordered manner in 

which to design documentation to retrieve the important 

information. As a result, the reporting of the results of the 

project can be called sketchy. This substantiates the claim 

that the Metadata Content Standards will organize, gather, and 

present information pertinent to a project making it a quality 

control tool. 

Documents that are organized in a uniform manner with 

coordination among them will be a data quality asset. 

Consistent formats for flowcharts, protocols, and forms will 

make personnel familiar with the type of information that each 

contains. They should be written and organized in the same 

manner . This will ensure that users will always know where to 

find the information or where to record it. 

Continuity should be present in these documents. Records 

shown on the flow charts should be associated with the 
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appropriate protocol that contains information to be recorded 

in the form. Conversely, the protocols should mention the 

form in its list of tasks and the information to be recorded. 

This continuity will ensure that pertinent information is 

recorded and not lost nor duplicated. 

Lastly, the semi-autonomous work group was illustrated to 

be an effective tool to employ in the design of a project. 

Its effect on the personnel is three fold. Personnel with 

varied knowledge can lead in areas where their strengths lie. 

It also serves to increase the general knowledge of all 

personnel via cross-training in the different technologies. 

Lastly, personnel resources can be shifted as the work 

ordains. The three effects increase the work quality of the 

project. 

This approach also affects the quality of the project 

itself in two areas. It allows for dispersion of information 

in an efficient manner without redundancy. Time is not wasted 

in the repitition of work. Secondly, this environment is 

conducive to problem solving. Many minds have many ideas on 

how to effectively perform the work. 

Managers without any geographic background can make 

effective use of the Metadata Content Standards to design and 
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organize documentation that will increase a project's quality. 

A project's quality can also be increased by the 

implementation of the semi-autonomous work group to allocate 

personnel resources and assist with information dispersion. 

These tenets will increase the quality of IGIS projects. 
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8 

8.1 

8.2 

8.3 

8.4 

CITATION INFORMATION 

Cuat ion Informa ti on 

Ci l<l tion Informat ion -- !he recommended reference to be used fo r the da!<l ser. (Not~: this 
s~ction providu a m~ans of stating th~ citation of a da/a u t , and is uud by othu u ctions of 
tM m~tadaJa standard. Th is u ction is n~vu uud a/on~.) 

Type : compound 

Citation Informacion = 

Series Information = 

I {Originacor}n + 
Publication Dace + 
(Publication_ Time) + 
Title+ 
O{Edition} I + 
O{Geospatial Data Presentation Form} I + 
O{Series_lnf~rmati-;;n}l + -
0{ Publication _Information} I + 
0{ Other_ Citation_ Details} I + 
(I {Online_ Linkage} n) + 
0{ Larger_ Work_ Citation} I 

Series_Name + 
Issue _Identification 

Publication_ Information = 

Larger_ Work_ Citation = 

Publication Place + 
Publisher -

Citation_ Information 

Originator - the name of an organization or individual that developed the data set. If 
the name of editors or compilers are provided, the name must be followed by "(ed.)" or 
"(comp.)" respectively. 

Type: text 
Domain: "Unknown" free text 

Publication Date - the date when the data set is published or otherwise made available 
for release . 

Type: date 
Domain: "Unknown" "Unpublished material" free date 

Publication Time - the time of day when the data set is published or otherwise made 
available for release. 

Type: time 
Domain: "Unknown" free time 

Title - the name by which the data set is known . 
Type: text 
Domain: free text 
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8.5 

8.6 

8.7 

8.7.1 

8.7.2 

8.8 

8.8.1 

8.8.2 

8.9 

8.10 

8.11 

CITATION INFORMATION (cont.) 

Edition · · !be version of !he title . 
Type : text 
Domain: free text 

Geospatial Data Presentation Form - !be mode in which the geospatial data is 
represented. 

Type : 
Domain: 

text 
(the domain is from pp. 88-91 in Anglo-American Comminee on 
Cataloguing of Cartographic Materials, 1982, Cartographic materials : 
A manual of interpretation for AACR2: Chicago, American Library 
Association): 
·atlas • ·diagram· ·globe • ·map • ·model • "profile • 
"remote-sensing image· ·section • "view • 

Series Information - the identification of the series publication of which the dau set is a 
part. 

Type: compound 

Series Name - the name of the series publication of which the dau set is a part. 
Type: text 
Domain: free text 

Issue Identification - information identifying the issue of the series publication of 
which the data set is a pan. 

Type: !eX1 

Domain: free !eX1 

Publication Information - publication details for published data sets. 
Type: compound 

Publication Place -the name of the city (and state or province, and country, if 
needed to identify the city) where the dau set was published or released. 

Type: !eX1 

Domain: free !eX1 

Publisher - the name of the individual or organization that published the data set. 
Type: !eX1 

Domain: free text 

Other Citation Details - other information required to complete the citation. 
Type: text 
Domain: free text 

Online Linkage -the name of an online computer resource that contains the data set. 
Entries should follow the Uniform Resource Locator convention of the Internet. 

Type: text 
Domain: free text 

Larger Work Ciution - the information identifying a larger work in which the data set 
is included. 

Type: compound 

Comcnt Standards for Digilal Geospatial Meudar.a June 8. 1994 
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FLIGHT SPECIFICATIONS 

DATE OF FLIGHT: --------------

AERIAL PHOTO CONTRACTOR: --------------------------------------
CONTAC PERSON: -------------------------------------------------

GEOGRAPHIC AREA: ____________________________________________ _ 
Description: ____________________________________________ __ 
Coordinates: ----------------------------------------------

TYPE OF PHOTOGRAPHY: ______________________________________ ___ 
(black and white, color, color infrared, 
etc.) 

FLIGHT PATH: ---------------------------------------------------
(description of how mission was flown) 

Elevation: -----------------------------------------------------
(Height to approximate defined scale) 

Direction: -----------------------------------------------------
Overlap: ______________________________________________________ __ 

FLIGHT CONDITIONS: ________________________________________ __ 
(Prevailing winds, cloud cover, any other 
information that might be pertinent to 
photo quality) 

PHOTO ANNOTATION: __________________________________________ __ 
(date, number, direction, etc.) 

TYPE OF FILM USED: ---------------------------------------------
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FLIGHT SPECIFICATION (cont.) 

FILM PROCESSING: ---------------------------------------------

CONTACT PERSON: ----------------------------------------------

FLIGHT COMMENTS: ---------------------------------------------
MATERIALS TO BE DELIVERED: ________________________________ __ 
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TRANSFERENCE OF PERTINENT DATA TO MAPPING MEDIUM 

1. Draw box or rectangle (which ever is of greater 
benefit) around area to be mapped. Recommended border of 
one inch of the box or rectangle. 

2. Mark ground control points (GCP) with symbol such as +or 
X, with GCP located where lines cross or converge. 

3. Label photo with numeric or alpha identification. Would 
suggest numbers relative to flight line and photo number. 

EX: A photo taken from flight line one that is the 
sixteenth photo taken on that line would be 
identified as 1-16. 

4. Note any questions or discrepancies on map log or map 
record sheet. 

5. Initial and check map tracking record then proceed to 
mapping. 
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MAPPING RECORD SHEET 

PHOTO NUMBER: 

ADJACENT PHOTOS: 
(Please check off when edgematched) 

MAPPING INITIATED 

LABELLING INITIATED 

LABEL & EDGE MATCHED 

QA/QC 

ERRORS CORRECTED 

FORWARDED 

PRE-QA/QC CHECK LIST: 
(check off when done) 

COMMENTS: 
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DATE INITIALS 

LINE WORK 
LABELS 
PERTINENT INFORMATION 
ANCILLARY DATA 
EDGEMATCHING 
Photo # 
Photo # 
Photo # 
Photo # 
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MAPPING TECHNIQUES 

1. Initial and identify selected photo to be mapped on 
tracking sheet. 

2. Look over photo to be mapped and familiarized yourself 
with the information presented there. If any questions 
or discrepancies arise, they should be resolved with 
management before proceeding. 

3. Check that all pertinent data is found (neat lines, 
photo ID, ground control points, etc.). 

4. If any adjoining photos have been mapped, edgematch the 
photos before proceeding (check edgematching protocols) . 

5. All labelling or extraneous information should be put on 
a photocopy of the map. 

6. Make photocopy of finished map for QA/QC purpose. 

7. Correct any errors found in the QA process and forward to 
data conversion. 

8. Record work and comments on mapping record sheet. 

I-8 



EDGEMATCHING PROTOCOLS FOR MAPPING 

1. Align GCP if applicable. Overlay the GCPs found on both 
coverages. Match arc and polygon boundaries. Resolve 
any differences by realigning the like boundaries. 

2. Align like arcs, polygons, or points by overlaying the 
adjoining coverages and matching same features. Resolve 
any differences. 

3. Make necessary adjustments, to the best of your 
knowledge, to rectify the elements. 

4. Make sure attribute information is the same for adjoining 
photos. 

5. Use same steps for the edgematching of all sides of 
photo. 
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QA/QC CRITERIA FOR MAPPING 

1. The quality assurance process should be implemented by 
someone other than the original mapper . 

2. Visually examine the maps for any outstanding 
discrepencies. 

3. If complex map, QA approximately 10% or randomly 
selected areas of coverage. If simple coverage, QA 
full map. Same 10% rule applies to labels and 
attributes. 

4. Check edgematching for line continuation and attribute 
consistency. If map is complicated with numerous 
elements, apply the 10% rule. 

5. If a significant number of errors are found in the random 
sample, bring the problem to the attention of management 
in an effort to distinguish if error is on the part of 
the mapper, general mapping protocols, or classification 
scheme. 

6. Check for pertinent information (photo#, GCP, etc.) 

7. Mark all noted errors or questions on the photocopy. 

8. Correct errors or return the marked photocopy and map 
to the original mapper for correction. 

9. When errors corrected or no error found, forward to 
data conversion. 
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GIS COVERAGE WORK FORM 

COVERAGE NAME: ____________ __ TECHNICIAN : ---------------

DATE DIGITIZED OR SCANNED: --------------

DATA CONVERTED: 
-------------

(Only necessary with raster to vector conversion) 

LABELLING INITIATED: -----

CLEAN OR BUILD: --------------

EDITING COMPLETE: -------

QA/QC DATE: ________ _ TECHNICIAN: --------------

ERRORS CORRECTED: TECHNICIAN: ------ --------------

TIC id's RMS ERROR: ------------------- ---------------
(one for each tic) (one for each tic) 

TRANSFORMED: _____________ _ 

DATE MERGED: --------------

MERGED WITH: ---------------------------------------------

PRE-QA CHECK LIST: Closed polygons 
Labels present 
Verify INFO tables 

COMMENTS: 
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DIGITIZING DECISION RULES 

1. Peruse maps forwarded from aerial photo interpretation. 
If any questions or problems noted, check with API 
and resolve. 

2. Register at least four tics with #1 being located at 
#2 located at etc. Re-register coverage 

following same tic registration technique and an RMS 
error no larger than 

3. Digitize arcs or points keeping track of what 
has been digitized. 

4. Label coverage accordingly. 

5. Save work at appropriate intervals. 

6. Zoom in on sections of digitized coverage checking for 
errors. 

7. Set tolerances at dangles , and fuzzy 
or use programs default tolerances. 

8. Build topology and recheck for errors, correct any found. 

9. Record work, questions, or problems in log. Check 
off tracking sheet and fill in GIS coverage work form. 

10. Forward coverage to QA/QC. 

11. When coverage has been found to be without error, 
transform to real world coordinates using the 
original tics. Transform and record RMS error on GIS 
coverage work form. 

12. Save completed individual coverage to specially 
designated disc. 

11. Forward to appending phase. 
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1. 

SCANNING PROTOCOLS 

Review the drawn map prior to scanning. 
or questions arise check with API. 

If any errors 

2. Eliminate any marks, lines, or text that should 
not be part of the coverage. 

3. Place map on scanner at __________________ _ 

4. Setting scanner parameters; 
Scan Mode 
Resolution 
Units 
Brightness 
Sharpness 
Magnification 
Scanned Area L. W. 
Other 

(location) 

5. Save scan to disc or transfer to GIS. 

6. Keep record on map tracking sheet. 
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RASTER TO VECTOR CONVERSION PROTOCOL 

1. Set parameters for tolerances to be used for all maps. 
a. Straighten 

tolerance ---
distance ---

b. Line 
width ---
value ---

___ gap 
dash ---
hole ---

___ fan angle 
variance ---

c. Session 
raster search radius ---

___ junction sensitivity 
___ .proceed 

extract ---
or any other tolerances that are pertinent to the 
software you are using. 

2. Create new coverage for vector image to be created. 

3. Bring raster image into viewing field and compare to 
drawn coverage. Proceed to remove superfluous marks. 

4. Proceed to digitize (trace) raster coverage (suggest 
zooming in for more precision) and save work at 
appropriate intervals. 

5. Build topology, set parameters at: 
Fuzzy tolerance 
Dangle length 
(or use defaults) 

6. Save coverage. 

7. Add label points and attributes. 

8. Check off on map tracking sheet and note any questions 
or problems in the daily log. 

9. Proceed to editing. 
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EDITING GIS COVERAGE PROTOCOL 

1. Zoom in on map and check for undershoots and 
overshoots.Delete overshoots and add arcs for 
undershoot. 

2. Check polygon attribute table to check for label points. 
Any empty polys found, highlight them in ARCPLOT and 
add appropriate label. 

3. Check point attribute table to insure all points are 
identified. If not, find unidentified point and add 
identifier. 

4. Build topology and correct identified errors. 
weed tolerance 

-----
dangle length 

-----
other 

-----

5. Continue the process until all errors are found and 
corrected. 

6. Check off on map tracking sheet and log work or any 
problems encountered. 

7. Forward coverage to quality assurance. 
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QA/QC PROTOCOL FOR EDITED GIS COVERAGES 

1. Use the GRID as a backcover and bring up coverage 
to be QA'd. 

2. Zoom in on each section and scann for overshoots, under
shoots, missing labels, double labels, etc. Note them. 

3. Compare arcs, points, polygons with original document 
to ensure that all are present. If not, note the missing 
information. 

4. In ARCPLOT, highlight polygons, points, or arcs with the 
same attribute and compare to original document noting 
any missing or extraneous information. 

5. In INFO, check for polygons with missing or multiple 
labels, arcs with more than one or same identifiers, 
points without or like identifiers, and any other 
descrepancies that might be note worthy. Make note of 
the data element ID. 

6. Highlight the data element in question in ARCPLOT, and 
correct the problem. 

7 . Note all errors on QA/QC form. 

8. Correct errors as found or return QA/QC form to original 
digitizer for correction of errors as decided by the 
project's manager. 
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GIS QA/QC FORM 

COVERAGE ID: DATE: ------ ------
INIT: ____ _ 

CHECK FOR POLYGONS: 
Number of polys: 

(.PAT table) 
Number of labels: -------------

(should equal number of polys.) 
Dangling arcs: ----------------

CHECK FOR ARCS: 
Dangle arc: _____ _ 
Overshoots: ------
Undershoots: --------

CHECK FOR NODES: 
Dangling node: ------
Pseudo nodes: 

-----

CHECK FOR LABELS: 
None in polygon: ----
More than one: ------
Unique ID's: ______ _ 

ERRORS FOUND: ________________________ ___ 

REVIEW OF ERRORS WITH DIGITIZER: --------------------

ERRORS CORRECTED: ______ _ 

FORWARDED FOR MERGING: ----
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EDGEMATCHING AND JOINING OF GIS COVERAGE 

1. Visually compare the two coverages to be joined. 
Make sure that all features match across the borders, 
make sure that all item definitions match, and make sure 
that all feature attributes are consistent between the 
two coverages. 

2. Prepare coverage for edgematching by drawing lines of 
one coverage in (select a color) and lines of coverage 
two in (select a different color) . 

3. Remove overlap of adjoining coverage by creating a 
clipped version of the first coverage that overlapped the 
second and remove. 

4. Edgematch the boundary between the coverage by 
establishing links to connect like locations. Use the 
first coverage as the back coverage and the other as the 
edit coverage. 

5. Zoom in on the mutual boundary and link node from one 
coverage feature to node of the same feature on the 
second coverage and adjust the coverage when all the 
links have been established. 

6. Create topology. (BUILD or CLEAN) 

7. Compare item definitions between the two coverage and 
check for any missing items, polys with same IDs, item 
and output widths that vary, and items presented in 
different order. 

8. Correct any errors found. 

9. Run through steps 6 through 7 again and when error free 
join the maps. 

10. Dissolve the map borders. 
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EDGEMATCHING AND JOINING OF GIS COVERAGES 

DATE: TECHNICIAN: -------------------- ---------------

COVERAGE #1: COVERAGE #2: 

CHECK LIST: 

-------

Link nodes 
Link map borders 
Zoom in and check links 
Save coverage 
Build or Clean 
Check item definitions 
Errors corrected 

missing items 
item widths vary 
output width vary 
items in different order 

DATE MAPJOINED: ---

MAP BORDERS DISSOLVED: ---
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QA/QC PROTOCOL FOR FINAL GIS COVERAGE 

1. Scan final coverage for any obvious error that may have 
been overlooked. 

2. Overlay grid onto coverage and zoom in on each section 
noting and correcting errors. 

3. Run CLEAN or BUILD and recheck for error. 

4. Bring up coverage in ARCPLOT highlighting like data 
elements and note any descrepancies form original 
coverages. Correct any error found 

5. Run CLEAN or BUILD and recheck for error. 

6. In INFO, check for plygons with missing or multiple 
labels, arcs with more than one or same identifiers, 
points without or with like identifiers, and any other 
descrepency that is note worthy. 

7. Highlight the data element in question in ARCPLOT 
and correct the problem. 

8. When final coverage has been checked and errors 
corrected, save final coverage on to labelled disc. 

I-20 



NAMING CONVENTION 

1. Always start a map ID with an alpha prefix. Generic 
suggestions: 

A for an arc coverage 
B for a point coverage 
R for a polygon or region coverage 

with the next three elements being map identification 
numbers. This can be changed to represent any defined 
element EX: 

ROAD for a road coverage 
COUN for a county coverage 
FIRE for a fire hydrant coverage 

The only recommendation being that the first four places 
be some form of coverage identification. 

2. It is recommended that places five and six describe the 
process done to the coverage as follows: 

Any 

ED for a coverge that has been edited 
CL for a coverage that has been CLEANed 
BD for a coverage that has used BUILD 
TR for a transformed coverage 
FI for a completed coverage 
CP for clip 
IM for import 
PG for polygrid 

abbreviation useful for the project can be added. 

3. The last two character places should be numeric 
representations of the number of processes performed on 
the coverage. 

EXAMPLE: The coverage named A222ED01 is an arc coverage with 
an ID number of 222 that has been edited the first 
time. 

The coverage named PINETR05 is a point coverage 
representing location of pine trees that has been 
transformed and has undergone four previous 
processes. 
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Phot o Int erpr e ta ti o n Fl o w c ha rt 

Looked :u photos under stereo scope . mono scope. and zoom tr.lnSfer scope 

,--

Used registr.uion pins 

See Quadsheet 
Set-up Rules 

to attach herculon to base maps 

Transfered pertinent infonnation to quadsheets 
i.e .. control points, rim canal. airboat trails. id numbers, etc. 

Drew green box connecting control points. 
Map only to edge of box. 

Actual mapping begun 

Mapped areas of melaleuca 
'---

See Procedurt'S: .. , 
for Photo Interpretation 

See Galeral Rules 
for Pharo Interpretation 

Recorded which photos used on each quadsheet 
Began progress tracking sheets for each quadsheet 

L E<Jge matched quadsheets before begiruting mapping 

v Fi gure 4 . 4 : Pho t o I nt erpre t a tio n 
a l., 1995) 

Il-l 

Fl owc har t (Mor r ow , e t~ 



Photo Interpretation Flowchart • continued 

~eck:ed dead areas for live trees. recorded as point coverage 

Examined photos on light table using stereo scope and magnifying glass 
to ensure all polygons of Melaleuca mapped 

Olecked all polygons on quadsheets to ensure 
all polygons closed and all extraneous marks are removed 

Quality assessed photo intrepretation. 
(See next flowchart) 

Figure 4.4: Photo Interpretation Flowchart (cont.) 
(Xorrow, et. al., 1995) 
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I 

Photo Interpretation Quality Assessment 

c::tifkd P"""" "" "'"""""""' w;m """""'" "'"'' QA'd From Quad Info Sheets 

Examined photos on light table with magnifying glass and stereo scope. 

I Identified areas of melaleuca and located corresponding polygons on quadsheet I 

Compared edges of maps with adjacent quadsheets to ensure consistent mapping of polygons 

' 

I Ensured each polygon labeled correctly and all polygons closed. 

I Looked for live trees in dead areas. Highlight these in red. I 
I. 

Marked any errors and return to original mapper 
to make corrections. 

Once corrections were made, double checked using previous steps. 

~ 
l Filled out progress tracking sheet and forwarded to digitizers. 

Figure 4.5: Photo Interpretation Quality Assessment 
(Morrow, e t.al., 1995) 
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GIS Digitizing Flowchart 

[ Organizational meeting l 
f • r 

Create digitizing Logbook 
decision rules documents 

• 
Training of 

personel 

• 
OlCCk quad map 

Daily log 
Coverage log 

(polgons, points, lines) 
; 

• • 
Digitizing per 

Coverage tracking 
Naming conventioq 

decision rules I 

T • 
Quality Assurance QA~Qf::. Form ,. 

(see QA flowchart) 

• • I 
I Fmal coverage list 

Fmal coverage l 1. 

t -. r I Track in log book 
Edgematch with I r 1 

adjoining coverage 

~ • I I I r- GIS final report 

Append cOverages QNQC 
(see flowchart) ~ 

• 
I Fmal product 

I Delivery of product 
toSFWMD 

- -
Figure 4.fi: GIS Digitizing Flowchart (Morrow, et.al., 1995) 
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Photo mterprete::J 

Count number of 
total polygons 

QNQC of coverage completed 

QA/QC Flowchart For GIS 

No 

No 

.--------------------------

Digitized GIS coverages 

Flnd number of total 
polygons from coverage. pat 

Digitizing 
error · 

Edit and correct 
coverage 

Edit and correct 
coverage 

photo error 

Send back to remote 
sensing team 
for correction 

photo error 

Send back: to remote 
sensing team 
for correction 

Edit and correct 
coverage 

Figure 4.7: QA/QC Flowchart for GIS (Morrow, et. al., 1995) 
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Equipment training and practice mapping 

~ 
Locating and drawing neat lines 

~ 
Transferance of pertinent information 

~ 
Mapping and edgematching 

~ 
Photo interpretation and labeling 

~ 
Quality assurance and quality control 

~ 
Error present: Return to mapping and edgematching 

~ 
I 

Error free: Forward to GIS 
- -

Figure 4.8: Vegetation Photo Interpretation Flowchart ( SFWMD, 19 9 s) 
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C Turn on scanner before turning on computer 

Through Windows, open MicroGrafx, then Picture Publisher 

[ Once in Picture Publisher, go to FILE-acquire~ 

Click on SCAN MODE. Set to Black & White Line Art 

Click on TARGET DEVICE, set it for VGA Screen, 300 dpi 

Set BRIGHTNESS all the way to the left (-3) 

Set SHARPNESS all the way to the right (2) 

Leave MAGNIFICATION in the middle (100) 
L---------------------~------------------------~ 

Place line map face down on the upper right corner of scanner 

Close lid to scanner, making sure not to move map 

SCAN, then close ACQUIRE menu and look at scan, 
making sure entire area was scanned 

~-------------___1 __________________ ~ 
Save file on hard drive first, then transfer file to floppy disk. 

This procedure uses less memory. 

Figure 4.9 Scanning (SFWMD, 1995) 
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[ --~ogin to UNIX J 
- ~- -l Open the COMMAND~TOO~_j 

Insert disk into floppy drive 

I 

At the gissun2% prompt, type VOLCHECK 

t 

Click on tiff, drag and drop it into project folder 

Figure 4.10: Transfer to UNIX (SFWMD, 1995) 
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Access ARC, then at ARC prompt, type ARCTOOLS 

• Click on COMMAND TOOLS 

• Under the TYPES box, choose GRID 

I 

• 
Under the CATEGORIES box, choose Data Conversion 

• 
Under the TOOLS box, choose Image to Grid 

+ 
In the Imagegrid box: 

A. Enter the image file name 
B. Enter the grid name you are creating 

C. Select SQUARE for the BLOCKING METHOD 
D. Click OK 

I 

The grid is now created and a file should 
show up in the FILE Manager window with the grid name 

Drop tiff file into trash and empty it, then quit out ofthe COMMAND TOOLS 

Figure 4.11 Creating GRID (SFWMD, 1995) 
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[ Choose EIDT T~OLS from the main ARCTOOLS menu 

Click on FILE and select GRID: OPEN 

Click on grid to be opened. It should be drawn in the display window. 

Figure 4.12: Opening a GRID in Preparation for Tracing (SFWMD, 199 
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On the EDIT TOOLS menu, click on FILE and select COVERAGE: NEW 

+ 
In the NEW COVERAGE window, specify the name of the coverage 

to be created. Click on ARCS and NODES as the features to be created. 
Click OK . 

• 
In the EDIT ARCS AND NODES window, 

click on the EDIT ENV. button. In the ARC ENV. PROPERTIES window, 
set both the NODE SNAP TOL. and the ARC SNAP TOL. to .006, 

then dismiss the window. 

+ 
Click on the TRACE ENV. button, click the SAVE/LOAD button, then type in 

RACE.VTP and click on the LOAD button. This loads the preset tracing parameter 

' Zoom in on an area to trace by using the EXTENT button on the PAN/ZOOM menu 
in the upper left corner of the display window . 

• 
Begin tracing by clicking on the TRACE button. Cross-hairs will appear on the screen. 

Position the corss-hairs over an intersection and press the left mouse button. 

I 

An arrow will appear over the intersection. To change the direction the arrow will 
trace, click the middle button. To begin tracing, click the right mouse button. To trace 

manual , click the left mouse button. To finish tracing, select the number 9. Remember 
pay attention to the COMMAND TOOL window, because it prompts you what to do. 

t_ 

To save what you've saved, go to FILE on the main EDIT TOOLS menu, 
click on COVERAGE: SAVE, then name your coverage. 

Figure 4.13: Tracing from a GRID (SFWMD, 1995 
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Exit ARCTOOLS and get to the ARC prompt. 

L 
At the ARC prompt, type: 

CLEAN, <covemame> <cleaned covemame> .03 (dangle length) .004 (fuzzy tolerance) 

J_ 

Coverages can be built in this same fashion. 
At the ARC prompt, type: build <covemame> poly 

~OTE: While the coverages can be cleaned within ARCTOOLS, some problems have l 
been discovered with cleaning this way. Therefore, it's best to exit ARCTOOLS 

to clean the coverages. 
__) 

Figure 4.14: Cleaning a Coverage (SFWMD, 1995) 
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I Display cleaned coverage to edit and source grid I 

I Change line color and select MORE on FEATURE SELECTION menu I 

I 
To close polygon, use PAN/ZOOM to zero in on EXTENT of dangle 

I 

Select the UNDER option under ERROR CORRECTIONS 
on main EDIT ARCS & NODES menu. 

To DELETE a dangle, zoom in on area in question 
and use first button on the FEATURE SELECTION 

,-

Select dangle by placing cross-hairs over it and clicking . 
Select #9 on keypad to stop selecting. 

Move to main EDIT ARCS & NODES menu and select delete. 

Use HELP to find out what ERROR CORRECTIONS do 
And follow directions found in dialogue box 

1 

CLEAN and rename coverage after editing work 
(.004 fuzzy tolerance, .03 dangle length) 

~OTE : Select only the dangles you want to delete. Using the delete buttonl 
alone will delete all of them, even ones you don't want to delete. J 

Figure 4.15: Edit a Vector Coverage (SFWMD, 1 99 5) 
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Select TOOLS on main EDIT TOOLS menu 
and Click on TOPOLOGY:CLEAN 

l 
Set fuzzy tolerance at .004 and dangle length at .03 

-

Turn both buttons to REMOVE for deleting duplicate or different labels 

Once CLEANed, go to FILE on main EDIT TOOLS menu 
Select COVERAGE:SAVE AS name according to naming convention 

BUILD coverage. Access this menu same way 
as CLEAN. Remove duplicate and different labels 

and APPLY the build. 

I 
____ _j ____ _ 
SAVE coverage after BUILD using either COMMAND line 

to type SAVE or via menu options. FILE under main EDIT TOOLS 
and selection COVERAGE:save. No new name required after BUILD. 

NOTE: In ARCTOOLS can clean and build a coverage without -- -.~ L getting out to the arc prompt but will be unable to rename cleaned coverage . . 

Figure 4.16: Clean and Build a Vector Coverage (SFWMD, 1995) 
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[ 

Figure 4.17: 

! Bring up source grid and vector coverage to edit J 

Change edit feature to tics. Click on 
EDIT button in EDIT TOOLS menu. 

l 
Select CHANGE EDIT FEATURE on pop up menu 

• Choose applicable feature. If polygons not an option, 
need to CLEAN or BUILD as polygon coverage 

Pop up menu with for selected edit feature will appear 

Change Edit Feature on Vector Coverage (SFWMD, 1995) 
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l NOTE: Sometimes it is quicker to type commands J 
to do a task versus clicking menu icons. . 

Select ARCTOOLS button in main EDIT TOOLS menu 

, 
Select COMMANDS option 

, 

In small menu, select window labeled ENTER COMMAND 

• 
Click on little triangle to let you know that 

the window is activated. 

, 
Type command and enter 

I 

Figure 4.18: To Access Command Line (SFWMD, 1995) 
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Change EDIT FEATURE to tics 

t 
Zoom in on the area where you wish tic to be located. 

Click on the ADD button on the EDIT TICS menu. 

~~~~~~~~~~~--JL 
A cross-hair will appear on the screen, don't position it yet. Type #3 on the 

keyboardto change the tic-id. (Remember to look at the dialogue box.) 

T 
Click the cursor in the dialogue box to activate it. 
Type in the desired tic-id number, then hit enter. 

t 
Position the corss-hair over the intersection of the point, desiginated by an X, 

to add the tic. When positioned correctly, click the left mouse button. 

t L Save the coverage before exiting. 

Deleting Computer-generated TICS 

Once TICS have been added, the computer-generated TICS must be deleted. 

[ Select computer TICS, then click on DELETE button. 

Figure 4.19: Adding TICS to a Vector Coverage 
( S FWMD , 19 9 5 ) 
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Display coverage to add labels 

' Change editfeature to LABELS 

On EDIT LABELS menu, click TABLE MANAGER 

ADD ITEMS menu pops up, type label name, 
click on NUM, type in 10 for item, 10 for display 

and 0 for decimals. 

' Select ADD button,once veg-id appears,click DISMISS 

Veg-id appears in list of LABEL ITEMS, click OK 

After adding new item to PAT, BUILD and SAVE 

Figure 4.21: Add an Attribute Label Item (SFWMD, 1995) 
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~ "-~- ·---

I 

Display the cleaned, built vector coverage 

-

~ 
Go to DISPLAY on the main EDIT TOOLS menu 

and select DRAW ENV:GENERAL 

t 
Click polygon under FEATURES, FILL under 

DRAWING OPTIONS, and SYMBOLS under DRAW OPTIONS 

• Choose a color on the menu that pops up and click OK. I 

1 
Click APPLY on the GEN.DRAWING ENV. menu 

then dismiss the window 

i 
Change EDIT FEATURE to polys 

~ 
At the command line, type FORMS. A box appears in the 
upper left corner showing all of the attribute info for 
the selected poly. Type in the appropriate classification 

for that poly, then click NEXT. Another poly will be high-
lighted. Repeat this process until all polys are labeled. 

t 
If the entire coverage is not labeled in one session, in 

the next session, do every-thing above and click NEXT on the 
ORMS menu until the polys that have no labels are highlighted 

This is also a way to check for accuracy. 

~ 
Save the labeled coverage. 

Figure 4.21: Labeling the Vector Coverage (SFWMD, 1995) 
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~ 

Display cleaned, built vector coverage 

Go to DISPLAY on main EDIT TOOLS menu, 
select DRAW ENV:GENERAL 

Select polygon under FEATURES, FILL under DRAWING OPTIONS 
Then SYMBOLS under DRAWING OPTIONS 

Choose color on menu that pops up and click OK 

,-

Click APPLY on the GEN.DRAWING ENV. then DISMISS 

Type FORMS, type appropriate 5 digit class veg-id for selected poly, 
return, and click NEXT. Repear process until all polys are labeled. 

If coverage not complete in one session, do as above and 
click NEXT on the FORMS menu until polys that have no labels 

are highlighted. 

I SAVE ALL CHANGES 
I ' 

-

Copy coverage when all polys labeled and saved by choosing 
FILE on main EDIT TOOLS menu and clicking COVERAGES 

and SAVE AS. Follow naming convention 

' 

Figure 4.22: Labeling Vector Coverage (SFWMD, 19 9 5) 

II-20 



At ARC prompt use ADDITEM command to create attribute 
item CODE, specify 12 as output width, 12 as item width, 

12 as item, n as item type, and 0 as decimal places. 

Go to TABLES and select the coverage PAT 
(SEL covername.pat) 

LIST records check all polys have 5 digit veg-id label. 

~. 

Correct any missed error of sliver polygons. 

at the ENTER COMMANDS prompt, type CALCULATE 
code=veg.id + 5 digit code 00000 

'----------------

LIST items to ensure accuracy. If not, go to ARC 
prompt and use DROPITEM command to get rid of CODE. 

I Use ADDITEM to put CODE in and try again. 

' ~coverage is a copy 
L~e another copy and 

so problems ensue, KILL it, 
start from the beginning . 

Figure 4.22: Labeling Vector Coverages (CONT.) 
(SFWMD, 1995) 
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I 

Use the CREATE command at ARC prompt 
to create coverage to transform into. 

I 

' In TABLES, select the TIC table for new cover 

I Use LIST commant to view tics for coverage. I 

I 

UPDATE to type in real world coordinates for each tic 

When all X-tics andY-tics are updated, use LIST 
to view coordinates and ensure accuracy 

If changes are needed, UPDATE again and make changes 

I 

Return to ARC prompt and use the TRANSFORM 
command with the PROJECTIVE option to transform 

~ 
Log overall X & Y RMS error and 
individual X & Y error for each tic 

~ 
Any tic off by more than a 20ft. error will be deleted. 

Figure 4.23: Transforming a Coverage (SFWMD, 1995) 
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I 
At ARC prompt, use COPY to make a SINGLE 

PRECISION copy of coverage 

EXPORT single precision copy of coverage. 
Exit Arc. 

At GISSUN2 prompt type: UNIX2DOS 
(old coverage name.eOO) 

, 
Type volcheck to upen floppy window, 

drag file to floppy disk then eject. 

On the PC, IMPORT cover into okee directory 

After import, CLEAN coverage using parameters 
(dangle length= .03, fuzzy tolerance= .004) 

Figure 4.24: Transfer Files from UNIX to PC (SFWMD, 1995) 
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After coverage is imported and cleaned, 
add new item to the PAT. 

' In PC, SELECT coverage.pat. ADDITEM width 
12, output width 12, type N, for numeric 01 

and default starting item 

, 
Use list to ensure that VEGCLASS has been 

added to PAT. 

Check that CODE has been rounded. 
(photo number + digits for Veg. + 3 zeros) 

r 

Use CALCULATE to give numbers to VEGCLASS. 
In TABLES, type CALCULATE VEGCLASS= 

(code-photo number + 5 zeros)/1000.--ex 
(code-10101000000/1000 

List again to ensure VEGCLASS has 2 digits 
and are correct. 

Figure 4.25: Add VEGCLASS to the Coverage 
(SFWMD, 1995) 
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Type EDGEMATCH at ARC prompt in PC & COVER (cover that moves) 
MATCH COVER (cover that stays) Default tolerances 

Menu will come up with choices to select 

~ 
I 

Zoom in on an area 
I 

~ 
Link lines by pointing to 2 nodes that are to be linked 

~ 
ADJUST to make change in temporary link. 

If incorrect, use UNMATCH. 

[ 
i 

SAVE periodically 

~ 
CLEAN coverage that moded in EDGEMATCH 

process first one named). 

Figure 4.26: Edgematch Two Coverages (SFWMD, 1995) 
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' --·-· 

OUT COVER (name or combined coverage) and two 
options select POLY and ALL. 

Enter names of the two covers that were just 
edgematched. 

I 
( 

' CLEAN and BUILD after coverage appended 

Figure 4.27: Append Coverages (SFWMD, 1995) 
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-

After CLEANing, check labels and polys for error 

1 

Run FREQUENCY on coverage after appending 
(will check for errors) 

If error free, go to arcplot and run color.sml 

r 
Type name of the appended master coverage. 

Select various colors to shade various veg.classes. 

1 

Shade polys by using RESELECT (cover) poly vegclass=xx 
POLYGONSHADE command the selected poly. 

Write problems in log, where they are, user_id#, 
and exit ARCPLOT. 

Figure 4.28: QA/QC Appended Coverage (SFWMD, 1995) 

II-27 



Get into Arced it and draw coverage 

Select vegclass = 0 to ensure that there are no unlabeled polys 

ZOOM on area that is unlabeled and type EDITF LABEL, then FORMS 

Select label by clicking on label and pressing 4 ] 

Scroll to item that need to be changed and type in 
appropriate changes. Hit enter. 

Scroll to UPDATE RECORD choice and enter 

I DRAWE NODE DANGLE and enter, then DRAW 
[_ to highlight dangling arcs 

I 

SAVE periodically 

[ CLEAN coverage at ARC prompt J 
Figure 4.29: Correct Errors in Coverage (SFWMD, 1995) 
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Make sure that changes stay, return to Arcplot 
and rerun error checking process 

If LAB's and PAT don't match message appears, BUILD coverage 
(polygons without labels present) 

Arcplot, reselect vegclass = 0 gives number of polys 
edit missing labels of vegclass labeled 0. Remember them. 

Arced it, Zoom in on each poly with problems. ADD 
label and give it user_id of 1+ highest user_id 

l FORMS to add rest of attribute information 

After changes made and error corrected, CLEAN or BUILD. 

Repeat quality check procedure. 

Figure 4.29: Correct Errors in Coverage (cont.) 
(SFWMD, 1995) 
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General Rules for Remote Sensing 

1. We will be mapping any area on the aerial photos larger than 20 meters. A 
template is available to measure any questionable areas. For the most part, 
any areas smaller than 20 meters square will not be mapped. However, if an 
area that is smaller than 20 meters square is adjacent to a larger polygon of 
the same classification, and is within 20 meters of the larger polygon, it will 
be included in the larger polygon. If an outlier of a stand of trees has trees of 
a different density than the rest of the polygon, it is mapped as part of the 
denser polygon as long as there is no clearly defined boundary that would 
make it a separate polygon . If a small polygon is a different class than an 
adjacent polygon that is less than 20 meters away, the smaller polygon is 
mapped as a separate category, provided that it is template size or larger. 

2. Do not mix polygons of live and dead melaleuca. Each should be mapped separately. 

3. The number system for polygons is: 

1 =greater than 80% live 
2=20% to 80% live 
3=less than 20% live 

4=greater than 80% dead 
5= 20% to 80% dead 
6=less than 20% dead 

Use #3 in areas that are primarily live and #6 in areas that are primarily dead. 
You must be certain that these larger area polygons ar closed. Otherwise it causes 
problems for the digitizing people. 

4. When working on the zoom transfer scope be sure to check your orientation 
frequently. Only an area of about one inch (1 ")is correct at one time. 

5. TIP: Position photos face down on upper stage with lettering (identification facing 
toward right of scope. 

6. Keep a running list of the photos used (using the forms provided) for the map sheet 
you are working on, so quality checker knows which photos go with which base 
map. 

7. Map only those photos within the melaleuca test plot for the melaleuca mapping. 
A guide has been provided to show the designated photos. 
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8. For areas along the rim canal with single melaleuca trees widely spread out, make the 
entire area a #3 polygon. 

9. Only map inside the green box. The green box connects the four control points 
and designates which features are to be included in that particular quadsheet. 
Mapping outside the green box will create problems for the digitizing team. 

10. Look at photos using a magnifying glass and/or stereo scope on light table first 
before attempting to map using the zoom transfer scope. This will help you 
to map the area later using the zoom transfer scope. 

11. Once you have a map, you should compare it to the photos, double-checking it 
using the light table and magnifying glass to ensure you have mapped everything 
on the photos. You should also check to make sure all plygons are closed and 
labeled correctly. 
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20 Meter Polygon Template 

0 

Smeller thon 20 meter by 20 meter 
• lempfote, so this polygon Is not 

lnduded on the mop 

-.. fquoJ to or greeter oren ttmn the 
28 meter by 26 meter polygon, so 
It wiD be Included on the mop 

0 ~ SmoD Polygon of lhe some doss " lho v' lorger polygon b wilhln 20 meters of lhe 

f) 
lcrger polygon, so they will be shown as v one polygon 

. c~" 

D 

Small Polygon of the same doss 'as the 
larger polygon Is more ttnm 28 meters 

/ 

awcy from the Jerger polygon, and so 
It Is shown es a sepcrate-~n. 

28 meter by 

Small Polygon Is less than 28 

• but they represent two different 
dasses, so both ere shoWn as long 
cs the smaD polygon Is template 
size or mrger. 

26 meter templote 

Treoted es one 
Potyyon (Bff't) 
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Setting up each Quadsheet 

1. Cut herculene to fit quad sheet. 

2. Attach herculene to quad sheet using pins and reinforcers. Be sure to 
avoid area around registration marks. Digitizers need these areas free of 
obstruction. Make sure herculene is smooth before punching holes for 
pins. Place drafting tape on back of pins to keep them from snagging 
during mapping. 

3. Label quad sheet with Quad ID number. Include information on who prepared 
map and who quality-assured map. 

4. Draw in registration points, including notation on state plane coordinates. 

5. Draw a box around quad in green color pencil, with nodes corresponding to four 
registration points. 

6. Trace all canals and primary airboat trails on herculene. Label accordingly. 

7. Label each map layer as either melaleuca polygon or point coverage or 
vegetation coverage. 
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Procedures for Photo Interpreting and Mapping 

NOTE: Keep a log of any wor1c you do on each quad sheeL On this log, you should include any 
problems you incurred with the mapping, what was accomplished with eJCh session of mapping, 
and any other information you feel may be relevaru to either the quality assessment people or to the 
digitizing people. This information can then be used later during the accuracy assessment to 
determine why errors may have occurred 

I. Pull out photos that correspond with the quadsheet you will be mapping. List these photos on 
forms provided 

2 Look at photos on light table first, using either magnifying glass or stereoscope, or a 
combination of both. this will help to orient you to where the features to be mapped are 
located. making your mapping much easier once you move to the zoom transfer scope. 

3. Move to zoom transfer scope and map each photo separately. When you have finished mapping 
each photo. look at the photo with the magnifying glass and light table to ensure you have 
mapped all relevant features on the photo. 

4. Any areas you feel uncertain of in mapping, make a special note of it in the log and then check 
with one of the other remote sensing people or the QA checkers to come to a consensus 
on how the item or area should be mapped. It is extremely important to document any 
difficulties you may have with the mapping. 

5. Marlc each photo off as you finish mapping them. This will give you an idea of how much work 
is left on each quadsheet · 

6. Once the quadsheet is finished to your satisfaction. double check it against the [photos using the 
magnifying glass and light table. 

7. Be sure your name is on the quadsheet as the preparer. 

8. Mark the quadsheet with a post-it note that the quadsheet is ready to be quality checked and 
place it on the stack of sheets to be checked. Be sure to attach the wor1c flow tracking 
sheet with the appropriate blanks filled in. 
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Work Flow for Digitizing 

1. Tape mylar quad sheet to digitizer. Tape a blank mylar sheet over it. This 
will be used to mark digitized polygons and labels with a colored pencil in 
order to track what has been accomplished between sessions. 

2. Create new coverage using ARC in SHAW/OKEE directory. Name the 
coverage according to the attached naming convention sheet. 

3. Register tics as 1 being the upper left mark, 2 the upper right mark, 3 the 
lower right mark, and 4 the lower left mark. 

4. Digitize arcs for the polygon coverage keeping track of what has been done 
with colored pencil. 

5. When arcs are completely digitized, proceed to label them as follows: 
lO=polygons labeled 1 or greater than 80% live 
20=polygons labeled 2 or 20% to 80% live 
30=polygons labeled 3 or less than 20% live 
40=polygons labeled 4 or greater than 80% dead 
SO=polygons labeled 5 or 20% to 80% dead 
60=polygons labeled 6 or less than 20% dead 
O=canals 

6. After polygons and labels are digitized and saved, use MAPE* to zoom in 
on sections of the map and correct any errors noted. 

7. Clean the coverage with the default dangle length and fuzzy tolerances, 
and again, correct errors. 

8. Inform the QA person via flow cheet or in person that coverage is ready 
to be checked. 

9. Correct any errors found or make any changes that need to be digitized. 

10. Clean coverage again. Correct any errors found. 

11 . When coverage is error free and no further changes are necessary, transform 
to real world coordinates using the State Plane Coordinates found at the 
registration points on the quad sheet. 

12. Follow steps 2 through 11 for airboat and live melaleuca coverages. 
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Generalized Rules for Digitizing 

1. Each Quad sheet should have three associated coverages. 
a) Line coverage for airboat trails 
b) Point coverage for live melaleuca 
c) Polygon coverage for melaleuca stands 

2. Any digitizing done on the same coverage at different sessions must be done 
at aRMS error of .002 or less. 

3. Clean and check each coverage for errors prior to submission to QA. 

4. Always save completed coverages to disc located in log book. 

5. Log your daily work, questions, and changes in protocol, etc. in a dated 
and initialed format. 

6. Save work at appropriate intervals. 
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Decision Rules for Quality Assessment of GIS Coverages 

I. Fmd the quad sheet map for the corresponding digital coverage. 
A. Count all polygons for each category ( 1 through 6) for the entire quad sheet 
B. Go into TABLES for the digital coverage and look to see that the number of polygons from 

the coverage matches the number you counted from the quad sheet map. 
(N01E: coverage.pat always includes an envelope polygon record.) 

1. If the numbers for the categories don't match, take note of which ones are off so you 
can find the source of the error. 

2. If error source is quad sheet discrepancy, refer back to Photo Interpretation. If error 
source is digital, refer to digitizer. 

3. Make necessary changes. 
4. If numbers match. go on to the next step. 

2 Bring up the coverage in Arcplot 
A. Use RESELECf to select each category of polygon (1 through 6), and 

POL YGONSHADE to highlight each category in a different shade. 
1. If error is found, take note and refer back to Photo Interpretation or GIS. 
2. Make corrections. 

B. Use MAPE* to zoom in on small areas of coverage using QN~ grid for control 
1. Compare the area of the digital coverage to the quad sheet inap. 
2. Oleck to see that all polygons have been digitized 
3. Make sure that there are no polygons in the digital coverage that don't exist on the quad 

sheet 
4. Oleck to see that all polygons match tbe .Shape and the position of the polygons on the 

quadsheel ' 
5. Make sure that all polygons are closed. 

C. If changes need to be made go into ARCED IT 3nd make them 
D. Keep track of what areas you have checked until you have assessed the entire coverage. 

3. Document everything. Keep a personal log sheet for what you do every day and also a 
separate log sheet for each individual coverage. Write down all changes that you make to 
the coverage, where the changes were made, and why. 

4. If you are unsure about any changes, get the opinion of the person who digitized the coverage 
or even the person who quality checked the quad sheet 
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GIS Coverage Naming Convention 

PURPOSE: To have a tracking format to follow the coverage and its coruenrs through the work 
performed on it 

The first four alpha-numeric characters will contain the following : 
Q will always be the first letter standing for quad sheet denoting polygon or point coverages. 

The next three alpha-numeric characters will be the second and third numbers as well as 
the fourth letter of the quad sheet ID. 

EX: Q39A is representative of quad sheet 139-A 

The exception to this is airboat trail coverages. 'These coverages will begin with an A and 
continue the same naming conventioiL 

EX: A39A is representative of quad sheet 139-A airboat trail coverage. 

1be Fl.fth character will be P for any point coverage or a nmnber for polygon coverages. 
' 

Flfth and Sixth characters will be used to number the maps as they go through their changes. 
EX: Q39A01, Q39A02, etc. 

Seventh and eighth alpha characters will show the operation performed on the coverage as follows: 
ED for an edited coverage 
CL for a cleaned coverage 
1R for a transfonned coverage 
FI for a final coverage 

Examples of naming convention: 
Q39Q01ED Polygon coverage for Quad sheet 139-A that bas been edited. 
Q39A020.. Polygon coverage for Quad sheet 139-A that bas been cleaned after editing 
A39A01ED Line coverage for airboat trails on Quad Sheet 139-A that has been edited. 
Q39P03FI Point coverage for live melaleuca located on Quad sheet 139-A that has been 

edited, cleaned, and transfonned to its completion. 
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Procedures for Photo Interpretation and Mapping 

Pre-ma:Dping: 

- Records must be kept of all work . 

- Define area on each photograph wit h a green box . 
This is necessary because all the pho tos overlap 
on the top, bottom and sides. We must eliminate 
the overlap by defining a green box on each photo. 
Only features within the green box will be mapped. 
The purpose is to eliminate all overlap from the 
map and to reduce redundent information during the 
scanning process. 

- Check to see if any of the adjacent photos have 
been mapped. If they have been mapped, the green 
line on your .photo must match the green line on 
the adjacent photos. Edge matching must be done 
at this time, since all the photos overlap, we 
must eliminate the overlap at this stage. 

- Go to the middle of the shortest end of the overlap 
and draw a line parallel to the end of the photo. 

- Draw a thumbnail sketch map for each photo, showing 
where this decision was made. This should be drawn 
on the photoindex map. 

- No information is to be shown outside the green line 
except for the photo number and the control 

points, with the possible exception of the acronym 
EOP (End of photos -- designates the end of a 
flight line) . 

Actual Mapping: 

- Records must be kept of all work. When you begin work 
on a photograph, record on the WORK FLOW SHEET the 
date work began, and the name of the photo 
interpreter. Also record the date work was 
finished, and your name. 

- Keep a log of all the work that you do on each 
photograph. 

- On the PHOTO INTERPRETIVE LOG SHEET record any 
problems you encountered with the mapping, what 
was accomplished in each session, and any other 
i nformation that you feel is relevant to the 
quality assessment or digitizing teams. This 
information will be usefull t o determine the 
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source of problems discovered in the accuracy assessment phase. 

- No information is to be shown outside the green line except for the photo 
number and the control points. 

- Map control points on herculene in black ink. Mark these points first in 
in case you make an error. Ink is not erasable on the herculene. 
Do not mark the labels for the control points on the herculene. This 
will be done on the photocopy. 

- Map airboat trails in red on both herculene and photocopy. 

- Map the boundaries of the rim canal (class 00). 

- Map vegetation polygons with black pencils (.003 leads). 

- Before mapping anything, spend some time (approx. 20-30 minutes) 
examining the photograph in stereo to familiarize yourself with 
with the heights of the different vegetation types. 

- Decision rules 
A. If a polygon is 20 meters by 20 meters in area or larger, it is 

mapped as a polygon. 

B. If a polygon is less than 20 meters on one side and over 20 
meters on the other side. If it looks like the area within the 
polygon is equal to the aea of a 20 meter by 20 meter polygon, 
it is mapped, even though it is less than 20 meters on one 
side. 

C. Outliers areas that are more than 20 meters away from the main 
body are mapped as separate polygons. 

D. Outliers that are less than 20 meters away from the main body are 
mapped as part of the main body. 
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- Edge match f e a t u r e s that fall c r oss the g reen line . 
Ma ke s ur e that t hey match the polygon s o n the 
adjacen t p hotos . Make cert ain t hat a ny polygon s 
on adjacen t map a re finished and i n the correct 
position on your map. 

- No o ther information is to be shown on this map. If 
other information needs to be shown, it mus t be 
mapped on the xerox map. No letters or numbers should 
be shown on this map -- just vegetation polygons. 

If you feel uncertain as to the mapping or 
classification of an area, consult with other team 
members. Document any difficulties that you have 
on the log sheet. · 

- Once you have finished mapping the photograph, double 
check it against the original photograph on the light 
table. Check all edge polygons against adjacent 
coverages. 

- Photocopy the map. The classification codes will be marked 
on the photocopy, not the original. 

- Label all polygons on the photocopy. Include labels for 
the control points. Mark airboat trails in red on the 
photocopy. 

- Double-check your work, using the original phot, the 
polygon map and the classification map. 

1 . Make sure all polygons are closed on polygon 
map. 

2. Make sure all polygons are labeled . 
3. Make sure you haven't missed any areas on the 

photo that should have been mapped. 

- When the maps are ready for the quality checker, mark 
them with a post-it note (attaching photo, map, 
photocopy , and workflow sheet together with a 
paperclip) and place all of them in the stack of 
photographs to be checked. Note that the map is 
finished on the log sheet, and sign your initials . 

II - 4 1 



Procedures for Labeling 

1. Take the photocopy of the polygon map, and write the Photo ID 
number, and the interpreter's name on the photocopy map. 

2. Label the polygons on the photocopy map . 

3. Label the control points on the photocopy map. 

4. Check edge polygons against adjacent maps, to make sure that 
they match with the classification. 

5. Record the work ln the WORK FLOW SHEET and on the 
PHOTO INTERPRETIVE LOG SHEET. 

6. When the photocopy map is finished, paper clip it with the 
polygon map, and put it in the box to be quality checked. 
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Quality Checking 

Qualit y c hecking should begin after mapping and 
c l a ssifi ca ti o n ha s been completed. Records o f all work 
should b e k e pt o n the WORK FLOW SHEET and in the PHOTO 
INTERPRETATI ON LOG BOOK. Any problems encount e r e d should be 
noted. All items requiring correction will be co lor-coded 
according to the correction that should be made. Color 
coding will be deliniated on photocopy. · 

- Check to ensure that edge-matching has been done and 
is consistent between photos. 

- Check that neat lines has been defined and all 
mapping has been done inside the neat lines. 

- Check all polygons for closure. 

- Make sure all control points on the photos have been 
placed on map in the correct locations. Any that 
are off the mark must be changed. 

- Check labeling on photocopy to ensure all polygons 
are labeled correctly and consistently. 

- Check labeling of control points. 

- Check briefly to see if position of polygons seems 
accurate. Report any discrepancies back to 
original interpreter for correction. 

- Randomly check 15 polygons across the map to ensure 
labeling is correctly identified. If errors occur 
at this step, return map and photocopy to 
interpreter for corrections. Interpreter should 
thoroughly check labeling before it is returned to 
Quality Assurance person. 

- Once corrections have been made, maps should be 
paperclipped and again placed in QAQC folder to be 
rechecked. This recheck consists of making sure 
that all discrepancies have been resolved a nd all 
corrections have been made. 

- Onc e quality -checking is completed, map, pho t ocopie s , 
and WORK FLOW SHEETS should be forwarded t o GIS 
t e am f o r s c anning . 
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Complete Steps for Lake Okeechobee 
Data Entry and Database Creation 

updated 2/5/96 
developed by Mike Conaway 

Steps for Scanning 

1. Scanner must be turned on before computer is turned on. 
2. Get into windows, open MicroGrafx, then Picture Publisher. 
3. Once in Picture Pub, go to FILE -Aquire 
4. Click on SCAN MODE -set to Black & White Line Art 
5. Click on TARGET DEVICE, set it for VGA Screen, 300dpi 
6. Set BRIGHTNESS all the way to the left (-3) 
7. Set SHARPNESS all the way to the right (2) 
8. Leave MAGNIFICATION in the middle (100) 
9. Place line map face down on the upper right corner of scanner 
10. Measure area needed to be scanned, enter measurements into WIDTH and 

HEIGHT 
11. Make sure UNITS is in inches (or the same units you measured in) 
12. Close lid on scanner, making sure not to move map 
13. Click on SCAN 
14. Close AQUIRE menu and look at scan, making sure entire area was scanned 
15. Go to FILE -SAVE AS and save the file in the OKEE dir. according to the 

naming convention (ex. SAVE AS- file name= c:\okee\ pl-2.tif, where 
p =photo, 1 =flight line, 2 =photo number, and tif= file type) 

16. Save file onto a floppy disk 

To Load File Onto UNIX 
1. Login to the UNIX 
2. Open the COMMAND TOOL 
3. Insert diskette into floppy slot 
4. At the gissun2% prompt type VOLCHECK 
5. Click and hold on the image file in the File Manager V3.3/floppy/noname window 

and drag the file into the /gis/sfwmd window - file icon should be in this 
window. 

To Convert tif File to a Grid 
1. In COMMAND TOOL window type ARC at the gissun2% prompt to start the 

Arc/Info session 
2. At the ARC prompt type ARCTOOLS 
3. Click on the COMMAND TOOLS choice 
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4. Under the TYPES box choose Grid 
5. Under the CATEGORIES box choose Data Conversion 
6. Under the TOOLS box choose Image to Grid 
7. In the Imagegrid box: A. Enter the image file name (ex. p1-2.tif) 

B. Enter the grid name (ex. g 1-2 where g = grid, 1 = flight 
line, 2 = photo number ) 

C. Select SQUARE for the BLOCKING METHOD 
D. Leave everything else alone and click OK 

8. The image is now converted into a grid. A file should show up in the FILE 
MANAGER window with the newly created grid name on it. 

9. Remove the tif image file from the machine by clicking on the file folder, holding 
on it and dragging it into the WASTE basket. 

10. Remove the file from the WASTE basket by double clicking on it, click on the 
EMPTY WASTE button in the window that opens up. Close this window by 
clicking and holding on the triangle in the upper right hand corner, moving 
down to close and letting go. 

11. Dismiss the COMMAND TOOLS by clicking on the ARCTOOLS button, 
moving down to QUIT, and letting go. 

To Open a Grid 
1. Choose EDIT TOOLS from the main ARCTOOLS menu. 
2. Click on FILE and move down to GRID: OPEN 
3. A window showing the subdirectories in one box and the available grids in another 

will appear. Click on the grid to be opened, and click on OK. 
4. The selected grid should be drawn in the display window. 
5. A box containing the GRID EDITING TOOLS will also appear. Click on the 

HELP button to find out what these tools do and how to use them. 

To Begin Tracing From a Grid 
1. On the EDIT TOOLS menu, click on FILE and drag down to COVERAGE:NEW 
2. In the NEW COVERAGE window, specify the name of the coverage to be created 

(ex. v1-2 where v =vector, 1 =flight line, 2 =photo number) 
3. In the same window double click on ARCS, NODES, and LABELS as the features 

to be created, click OK 
4. In the EDIT ARCS AND NODES window, click on the EDIT ENV. button. In the 

ARC ENV. PROPERTIES window, set the NODE SNAP TOL. to .006, and 
the ARC SNAP TOL. to .006. Click on the APPLY button, and then the 
CANCEL button. 

5. Go to the TRACE ENV. button and click on the SAVE/LOAD button. Type in 
TRACE.VTP and click on the LOAD button. This loads the tracing 
parameters for the tracing session. 
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6. Zoom in on an area to trace by using the EXTENT button on the PAN/ZOOM key 
on the upper left comer of the display window In the EDIT ARCS & NODES 
window, click on the TRACE button .. 

7. Cross-hairs will appear on the screen. Position the cross-hairs over an intersection 
and press the left button. 

8. An arrow will appear over the intersection. To change the direction the arrow will 
trace, click the middle mouse button. To begin tracing, click the right mouse 
button. To trace manually, click the left mouse button. To finish tracing, select 
the number 9. Remember to pay attention to the COMMAND TOOL window 
because it prompts you on what to do. 

9. Tracing takes a lot of time and patience until you begin to feel comfortable. The 
only way to be efficient with it is to practice with it and see how it works. 

10. Remember to use the online HELP if you have questions about what some of the 
tools do or tracing procedures. There is a HELP button on every menu that 
explains what every tool does. 

Saving What You've Traced 
1. When finished with the tracing session, go to FILE on the main EDIT TOOLS 

menu, go down and click on COVERAGE: SAVE. 
2. To quit out of ARCTOOLS, go to the ARCTOOLS menu and select the QUIT 

button. 
3. On the main TOOLS choice menu, click the QUIT button. 

To Clean the Completed Vector Coverage 
1. Get out of ARCTOOLS to the ARC: prompt. 
2. Type CLEAN -covemame (vl-2)- cleaned cover name (vl-2cl-where cl = 

cleaned) .03 (dangle length) .004 (fuzzy tolerance). Using these parameters 
every time is highly important. 

To Highlight What You've Already Traced 
1. Open the source grid and partially completed vector coverage 
2. Go to the DISPLAY menu, choose DRAW ENV: GENERAL 
3. Choose ARC as the FEATURE, SYMBOLS as the drawing option 
4. Click on the color you wish the lines to be in the SYMBOLS box, and then click 

the OK button 
5. Click on the APPLY button in the DRAW ENV: GENERAL main menu 
6. The source grid and vector coverage should re-display, with the vector lines drawn 

in the color you choose 
7. Dismiss the menu and begin tracing as normal (don't forget to set the EDIT and 

TRACE ENVIRONMENTS) 
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To Edit a Vector Coverage 
1. Display the cleaned coverage to be edited and the source grid as instructed earlier 
2. Change the vector line color 
3. Select MORE on the FEATURE SELECTION menu 
4. On the menu that pops up, select the second button from the left -this highlights 

the dangling arcs, which many time result in open polygons 
5. To extend a dangling arc to close a poly, use the PAN/ZOOM menu to zero in on 

the EXTENT of the dangle, then use the UNDER button under ERROR 
CORRECTIONS on the main EDIT ARCS & NODES menu 

6. Use the HELP button to find out what these ERROR CORRECTION choices do, 
and follow the directions in the dialogue box and at the bottom of the menu 
boxes 

7. When deleting a dangle, be sure to select only that dangle you want to delete. 
When you use the dangle selection button it selects all dangles, if you hit 
delete, it will delete them all, even ones that you may not need to delete. To 
select one at a time and delete only that one, first use the dangle selection 
button (steps 1-4 ), zoom in on the area of the dangle, and use the first button 
on the FEATURE SELECTION menu. Select the dangle by pointing the 
cross-hairs over it and clicking. Hit #9 on the keypad to stop selecting 
features . Now move to the main EDIT ARCS & NODES menu and hit the 
DEL button under GENERAL ARC EDITING. This deletes the arcs you 
have selected. If you delete an arc you want, hit the OOPS button on the 
main menu immediately after the goof. It should bring it back. 

8. After the any major editing session you need to get out of ARCTOOLS to the 
ARC prompt and CLEAN the coverage. Remember to rename the coverage 
and to use .004 as the fuzzy tolerance and .03 as the dangle length. 

To Clean and Build a Vector Coverage 
1. In ARCTOOLS you can clean and build a coverage without getting out to the 

ARC prompt. However, a major disadvantage of this feature is that it doesn't 
ask you for a new name for the cleaned coverage. We can get around it, but it 
is still a good idea . 

2. First click the TOOLS button on the main EDIT TOOLS menu and go down to 
TOPOLOGY: CLEAN. 

3. A menu will appear asking for the fuzzy tolerance (set it at .004) the dangle 
length (.03) and whether to allow or remove duplicate and different labels. 
Turn them both to REMOVE. We only want one label per poly. 

4. Once the coverage is cleaned, go to FILE on the main EDIT TOOLS menu and go 
down to COVERAGE: SAVE AS. This is how to give the cleaned coverage a 
new name. (ex. vl-2cl2 goes to vl-2cl3) 

5. It is also a good idea to BUILD the coverage after it has been CLEANED and 
renamed, you also want to BUILD after you do any labeling. To do this, 
access the BUILD menu the same way you got the CLEAN button. Again, 
remove duplicate and different labels, and APPLY the build. 
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6. Always SAVE the coverage immediately after you run BUILD. You can do it 
either at the COMMAND line by typing SAVE, or through the menus by 
clicking FILE under the main EDIT TOOLS menu and going to COVERAGE: 
SAVE. It is not necessary to give the coverage a new name after a BUILD. 

To Change the Edit Feature on a Vector Coverage 
1. Bring up the source grid and vector coverage you want to edit 
2. Change the edit feature to tics by clicking on the EDIT button on the EDIT 

TOOLS menu 
3. Select CHANGE EDIT FEATURE on the menu that pops up 
4. Choose the edit feature you want. If polygons is not an option, the coverage needs 

to be cleaned or built as a polygon coverage 
5. A menu will pop up for the new edit feature. All edit features have their own 

menu 

To Access the Command Line 
1. Sometimes it is quicker or easier to type the commands to do something instead of 

clicking on the menu icons. To do so, click on the ARCTOOLS button on the 
main EDIT TOOLS menu. 

2. Click on the COMMANDS choice 
3. A small menu will appear at the bottom of the display window labeled ENTER 

COMMAND 
4. Move the cursor into this window and click to get the little triangle that lets you 

know the window is activated 
5. Type in the command and hit enter. Remember, it may take two or three 
commands to do what you want to do, don't forget any one of these commands 

or it won't work. 

To Add TICS to a Vector Coverage 
1. Change the edit feature to tics 
2. Select all of the tics (computer tics) and delete them 
2. Zoom in on the area where you wish the new tic (ground control points) to be 
3. Click on the ADD button on the EDIT TICS menu 
4. Cross hair will appear on the screen, don't position it yet. Type #3 on the keypad 

to change the tic-id. (Remember to look in the dialogue box) 
5. Click the cursor in the dialogue box to activate it. Type in the desired tic-id 

number. Hit return 
6. Now position the cross-hair over the intersection of the X to add the tic. When 

positioned correctly, click the left mouse button. 
7. Look at the other buttons on the EDIT TICS menu and use the HELP button to 

find out what they do. 
8. Don't forget to SAVE the changes to the coverage. 
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To Add an Attribute Label Item 
1. Display the coverage you wish to add labels to 
2. Change the editfeature to LABELS 
3. On the EDIT LABELS menu, click on TABLE MANAGER 
4. A menu will appear listing all of the label items for the coverage, in this menu 

click on the ADD ITEM button 
5. In the ADD ITEMS menu that pops up, type in the label name (veg-id), click on 

NUM (for mumeric), type in 10 for item width, 10 for display width, and 0 for 
decimals. 
* It is really important that we use these parameters every time, if they are 

different it will cause problems when we append coverages. 
6. Click the ADD button, once the message that veg-id has been added appears, click 

DISMISS 
7. Veg-id will now appear in the list of LABEL ITEMS, click OK 
8. After you have added the new item to the PAT you must BUILD and SAVE the 

coverage. See CLEANING & BUILDING A COVERAGE above. 

To Label Vector Coverage 
1. Display the cleaned, built vector coverage. 
2. Go to DISPLAY on the main EDIT TOOLS menu and go down to DRAW ENV: 

GENERAL 
3. Click polygon under FEATURES, FILL underDRAWING OPTIONS, and then 

SYMBOLS underDRAWING OPTIONS. 
4. Choose a color on the menu that pops up and click OK. 
5. Click APPLY on the GEN. DRAWING ENV. menu, and then DISMISS. 
6. At the command line or by using the menu buttons, change the edit feature to 

polys 
7. At the command line, type FORMS. A box appears in the upper left comer 

showing all of the attribute info for the selected poly. Type in the appropriate 
five digit classification veg-id for the selected poly, hit return, and click 
NEXT. Another poly will be highlighted, type the veg-id for it, hit return, and 
click NEXT. Do this until all polys are labeled. 

8. If the entire coverage is not labeled in one session, in the next session just do 
everything above and click NEXT on the FORMS menu until the polygons 
that have no labels are highlighted. This is also a good time to do some 
accuracy checking. 

9. Again, don't forget to SAVE the changes. 
10. Once all polys have been labeled and saved, make a copy of the labeled copy by 

going to FILE on the main EDIT TOOLS menu and clicking in 
COVERAGES and SAVE AS. Use the same naming convention as before, 
except add lb to the end (for labeled). Thus, for cover v1-2cl4 the copy will be 
named v1-2lb. You can also use the COPY command at the ARC prompt to 
make a copy of the cover. 
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11. Exit ARCTOOLS and get to the ARC prompt. Use the ADDITEM command to 
create an attribute item CODE -specify 12 as output width, 12 as item width, n 
as item type, and 0 as decimal places. 

12. Get into TABLES and select the coverage PAT (SEL covername.pat). 
13. LIST the records and make sure that all of the polys have a five digit veg-id label. 

If not you need to go back and add the labels to the ones you missed, or find 
the sliver polygons and get rid of them. 

14. If all ofthe polys are labeled and everything looks good, it's time to add the first 
five digits to the veg-id labels. Do this by using the CALCULATE command. 
At the ENTER COMMANDS prompt type CALCULATE code= veg-id + 
five digit codeOOOOO (the first five digits,five zeros) (refer to naming 
convention sheet for proper labeling) Thus, code will now be the first five 
digits of the cover name+ the second five digits of the veg-id. 

15. LIST the items to make sure it worked, if not get to the ARC prompt and use the 
DROPITEM command to get rid of CODE, use ADD ITEM to put CODE 
back in, and try it again. Remember, if things really get screwed up, this 
coverage is a copy, you can always KILL it, make another copy, and start 
over. 

To Edit Linework while Adding Labels 
1. It is quite possible that in the process of adding labels you will find errors in the 

linework of the coverage. To fix it, change the edit feature to ARCS and the 
EDIT ARCS & NODES menu will appear. 

2. Use the select arrow to highlight the arcs that need to be fixed . Use the DEL 
button to delete unwanted arcs, or the ADD button to onscreen digitize 
m1ssmg arcs. 

3. If the problem is real big, you must bring up the grid and trace from it as you did 
in the first place. 

4. Remember to CLEAN and BUILD after line or label editing. 

To Transform a Coverage 
1. At the ARC prompt use the CREATE command to create a coverage to transform 

into. (ex. CREATE (new cover) (old cover)- CREATE vl-2tr vl-2lb (where 
tr =transformed)) 

2. Get into TABLES and select the TIC table for the new cover 
3. Use the LIST command to view the tics for the coverage, and use UPDATE to 

type in the real world coordinates for each tic (control point) 
4. Once all XTIC's and YTIC's have been updated for each tic, use LIST to view the 

coordinates and make sure everything is correct. The computer may round the 
last three digits (after the decimal point) either up or down, there's nothing we 
can do about it so don't wig out. If you need to change something, just use 
UPDATE again and make the necessary changes. 
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5. If everything is cool, get out of TABLES and back to the ARC prompt. At the 
ARC prompt use the TRANSFORM command with the PROJECTIVE option 
to transform the coverage into real world coordinates. 

6. On the coverage flow sheet log both the overall X, Y RMS error and the individual 
X, Y error for each tic. If some tics are way off we may delete them and do it 
again without using them. By way off, we mean anything that anything that's 
RMS error is more than 20 feet greater than any other tic in the coverage. 

7. Remember to record both the individual TIC's RMS and the overall RMS on the 
coverage tracking sheet. 
**note- for more detailed info on the TRANSFORM process refer to the 

Transforming to a New Coordinate System handout in the back of the log book. 

To Transfer Files from UNIX to PC 
1. At Arc prompt, use COPY to make a SINGLE PRECISION copy ofthe coverage. 

Call it V?-??tr2. 
2. EXPORT the single precision copy of the coverage. Exit Arc. 
3. At GISSUN2 prompt, type: UNIX2DOS (old coverage name.eOO). 
4. Type volcheck to open floppy window and drag the file to floppy disk. 
5. Eject disk. 
6. On the PC, IMPORT the cover into the okee directory. 

-type: IMPORT cover (a:\coverage name) (c:\okee\output coverage name) 
7. Once the coverage is imported, it must be cleaned, using the same parameters 

(dangle length = .03 and fuzzy tolerance = .004) to clean it. 

To Add VEGCLASS to the Coverages 
1. After the coverage has been imported and cleaned a new item has to be added to 

the PAT. 
2. In PC SELECT coverage.pat for that particular coverage. Once selected use the 

command ADDITEM width (12), Output width (12), type (N), for numeric (0) 
for number of decimal places, and go with the default for the starting item. In 
UNIX you must first add the item in tables before you select it. Use the same 
parameters as above to define the field. Be sure to select the coverage.pat that 
you added the item to by then selecting it. Use the list command to confirm 
that it has been added. 

3. Use LIST to make sure that VEGCLASS has been added to the PAT. 
4. Now check to see that CODE has been rounded off. It should be the digits for the 

photo number+ the digits for the vegetation+ 3 zero's. (ex. 1010133000) 
5. Ifthis is the case, you are ready to use the CALCULATE command to give 

numbers to VEGCLASS. In TABLES, type CALCULATE VEGCLASS = ( 

code- photo number+ 5 zero's) I 1000. --ex. (code- 1010100000) I 1000 
6. Use LIST again to make sure VEGCLASS has only 2 digits and that they are the 

right ones. (the vegetation classification scheme) 
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To Edgematch Two Coverages 

1. In PC, type EDGEMA TCH at the ARC prompt and get the usage. It asks for the 
COVER (the cover that moves) and the MATCH COVER (the cover that 
stays the same). It also asks for the tolerance, but just take the default. 

2. Once the covers are specified, a menu comes up with choices of what to do. 
3. In PC, ZOOM in on an area. 
4. Make the links between the lines by pointing to the two nodes that should hook 

together, and a temporary link is created. If you are not sure what to link, 
check with the line coverages and photos. 

5. Use ADJUST to actually make the change in the temporary link. If it is not right, 
use UNMA TCH. 

6. Periodically SAVE what you're doing. 
7. Remember to CLEAN the coverage that moved in the EDGEMATCH process. In 

PC it is the COVER coverage (the first one named) 
***NOTE- I know these directions are pretty sketchy, but the information in 

both manuals (UNIX and PC) is very good. You are probably better off using 
those instead of these. 

To Append Coverages 
1. To APPEND two coverages together, they first must be EDGEMATCHED. 

Assuming that has been done, at the ARC prompt type APPEND. 
2. The computer asks for the OUTCOVER- this is what you want the combined 

coverage to be named. I'd start with PART1 as the name ofthe first combined 
cover name and just continue on from there. It also asks for two options, they 
should be POLY and ALL. 

3. Once these are in the computer asks for the names of the two covers to combine. 
These are the one's you just edgematched. 

4. Remember to CLEAN and BUILD the coverage after it has been appended. 
***Again, these directions aren't too slick, but look in the manuals. They 
explain everything really well. 

To Quality Check the Appended Coverage 
1. Once the appended coverage is cleaned, you need to go back and check the labels 

and polys to make sure everything is labeled correctly, polys are closed, etc .. . 
2. ALWAYS run FREQUENCY on the coverage after it has been appended. This 

will tell you if you have duplicate user _id's, and also if you have any polygons 
without labels. If you have any polygon that shows more than 1 in the 
frequency column, you must write down the ID #and find those polys in 
arcedit. One of the user _ids must be changed to 1 + the highest number in 
the coverages user _id column. 
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3. Ifthis is O.K., get into Arcplot and &run color.sml. This is an sml that asks for 
the name of the coverage and then shades a sampling of the vegclass 

categories. 
4. At the prompt, type in the name of the appended master coverage. The sml then 

goes to work and shades the selected vegclass categories. As you use this sml 
again and again, you get used to the color different classes shade. It becomes 
easier to detect problems. 

5. Due to the limitations of some of the shade colors some of the polygons for a 
selected set may not all shade. This is a problem that is being worked on. In 
the mean time you can shade the polys by using RES ELECT (cover) poly 
vegclass = xx . Then by issuing a POL YGONSHADE command the selected 
poly will shade. 

6. If problems are found, and they probably will be, remember or write down where 
they are, the user_id #,and get out of Arcplot. 

To Correct Errors in the Coverage 
1. Get into Arcedit and draw the coverage. 
2. Select vegclass = 0 to make sure there aren't any unlabeled polygons. If there are 

look on the papers to see what the correct label is. 
3. ZOOM in on the area where the problem is located and type EDITF LABEL, then 

FORMS. 
4. The select a label by clicking on the label and pressing 4. A menu appears 
showing the info for the selected label. 
5. Scroll down to the item that needs to be changed and type in the appropriate 

changes. Hit enter. 
6. Scroll down to the UPDATE RECORD choice and hit enter. 
7. To check for open polygons type DRA WE NODE DANGLE and hit enter, then 

DRAW. Dangling arcs will be highlighted with a red box. 
8. Once all corrections are made SAVE what you've done. (It's probably not a bad 

idea to do this periodically while you're working) 
9. At the Arc prompt clean the coverage. 
10. To make sure that the changes made stayed changed, go back to Arcplot and start 

the whole error checking process over again. 
11. If a message comes up telling you that the LAB's and PAT's don't match go out 

and BUILD the coverage, here is what is wrong. 
1. There are some polygons in the coverage without a label. 
2. To find them, go into Arcplot and do a reselect on vegclass = 0, this will tell 

you how many polys are either missing a label all together or have vegclass 
labeled as 0. Shade the reselected polys and remember where they are. 

3. Go into Arcedit and zoom in to each polygon that is messed_ up. ADD a 
label if needed, and give it a user_id of 1 +the highest user_id presently 
being used in the coverage. 
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4. Use FORMS to add the rest of the attribute information according the 
photo number the poly is on and the correct vegclass listed on the label 
sheet. 

12. Once all changes are made and errors are corrected, either CLEAN or BUILD the 
coverage. Remember, if any arcs were changed you must CLEAN the 
coverage. Ifyou only edited labels, you can just BUILD the coverage. Now 
go back to the beginning of the quality check procedures and do the whole 
thing again. Have fun. 
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Label Naming Convention 
and Procedures 

Lake Okeechobee GIS Stuff 
7/24/95 

- The first digit in the label number denotes North, South, or unspecified 
I = unspecified 
2 =North 
3 =South 

- The second and third digits in the label denote the flight number 
0 I = flight line number I 
I 0 = flight line number I 0 

- The fourth and fifth digits in the label denote the photo number 
02 = photo number 2 
20 = photo number 20 

- The sixth and seventh digits denote the vegetation classification number 
03 = vegetation class number 3 
30 =vegetation class number 30 

- The eighth, ninth, and tenth digits denote the polygon number for that map coverage 
001 = polygon number one 
999 =polygon number nine hundred and ninety nine 

- When interactively entering the labels to the coverage, only the sixth through tenth 
digits will be entered. Once all labels are entered, save the changes to the 
coverage. 

- fbe first five digits are added by getting into TABLES and selecting the coverage.P AT. 
LIST the records and use the CALCULATE command to add the first five digits. 

EXAMPLE - Labels have been added to coverage 1-2. Thus, the first five digits are: 
10102 - OR I for unspecified, 01 for flight line 1, and 02 for flight line 2. 
To enter these digits into the PAT, you first must create a new item called 
CODE, then use the CALCULATE command as follows: CALCULATE 
code= veg-id + IOI0200000. This will combine the photo id numbers 
with the vegetation class and polygon numbers. The code id's will be 
something like this: I 0 I 023200 I . 
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7 August 1995 
Surn rnary gu1de for Lk Okeec hobee photo 1nt erpret1ve key 

,-· 
~AU'95 

TREES 
I Australian Pine Occun infrequenl.Jy@ drier eleval.JOnJ usually < 3 trees at one site . 

Fl ws. all yeu. 
/ 2 Melaleuca Occun randomJy as single trees or in beads. Flws. all year . 

3 Sabal palmeuo Occurs@ drier elvation.s in sp~r>e galberings. Flws. sprg .-smr. 

4 Ficus Occurs infrequenlly @ ~20% n a nondomil1Allt. Anoc. wilb mixed 

nonspecific wetland species . Flws.? 
5 Brazilean Pepper Occurs ~20% dominance . Anoc. wilb mixed nonspecific wetland 

species. Flws. !S'JX"R . 
6 Pond Apple Occurs ~5% as a nondominanl. Assoc . wilb mixed nonspecific 

wetlands species. Flws. spr)! . 
7 Willow Can occur up to 80% dominanl. although generally appears as <40% 

with mixed nonspecific wetland species . Flws. 'Pr)!. 

SHRUBS 
8 Buuonbush Occurs @ ~50% dominance. Assoc. with mixed noospecific wetland 

species. Flws. SJlCl!. 

9 Mixed per. upland• No site information for this classification. 

HER. OS 
Hi~h 

10 Bamboo Loc. @Torrey & Kreamer lslds. as a nondominant species@ <50~. 
Assoc. with mixed nonspecific wetland species. Flws. smr.-Call. 

11 Phragmites• Found @ many sites as a nondominant species @ <50~ . Assoc. 
with mixed nonspecific wetland species. Flws. in fall . 

MediUJil 
12 Thalia" Loc.@ Torrey. Kreamer & Ritu lslds. w/prim-sec. dominance@ 

>50~. Gen. &S30C. with disturbed aquatics: Salix. PUtia, Lem.na, 
Ludwigia, Colocama Hydrocotyfe & Phra~rmites. Flws. smr.-Call. 

13 Scirpus•• Found @ few sites as a nondominant :!peci.es @ <50~. Assoc. wiLla 
mixed nonspecific wetland species. S. caliCornicus Flws. sprg.-smr. 
& S. cubensis Flws. wtr.-'P<l!. 

14 Cattail• Found@ many sites as a dominant species @~SO~ . Assoc .•. ~th 
nonspecific wetland species. Flws. !S'Jlf"R. -smr. 

15 Sawgrass• Found@ many sites as a dominat species @~50~ .. Assoc. wiLla 
nonspecific wetland species. Flws. smr. -r all. 

Low 
16 Canai..I!Nym phaea• Often occurring together as codomi.n.ants@ ~50150~ . Assoc. wiLla 

nonspecific wetland species. Both Flws. SJXX.-smr. 
17 Catl./Pont.!Sag. • CatJ . 40% , Pont. & Sag. <40%. Flws. sprg.-smr. 

20 Nymphaea• ~20% dominant assoc. with nonspecific wetland species. Flws. 
spr)!.-smr. 

21 Spatterdock• • Occurs ~20% without domillAJlce . Assoc . wilb nonspecific wetland 
species. Flws. SP'J: . -smr. 

22 Lotus• Occurs @ Monkey Box (stop C/1) =50% mixed wilb Hydrilla-
50% . Nso occun alon£ rim canal . Flws . smr. 

-23 Spartina•• Occurs @few locs . @prim. -sec. dominace ~50% . Assoc. with 

mixed nonspecific wetland species . Flws. fali-SlJC'I! . 

24 Spartina!Mixed Grass·• Only @ stop DIS where Spartina=50% dom. & grass 6% . 

25 Mixed Grass• No site information for lbis classification. 

26 Maidencane•• No site information for lbis classification. Flws . sp'l_: -fali 

27 Torpedograss• Occurs @ 30-100% dominant. Assoc . with mixed norupecific 

wetland species Flws . sprg. -fall. 
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7 August 1995 
Summary gu1de ror Lk Okeec hobee phOto 1nterpr et1ve key 

28 Polygonum•' Only occun ~20% Assoc witb mixed nonspe cific wetl an d species 
Flws. sprg -falJ 

29 Bo~·· No si~ information foc tbis classification. 

30 Dispersed Yeg ./Open Water >50% rni~ed vegeution with <50% open waLer. 

31 Open Water/Dispersed Ye~ . >50% open water witb <50% rni~ed Yl'8_etation . 

32 Open Water 100% open water. 

OTIIER. 
33 Permanent Disturbed Human made structures. 

35 Water Hyacinth Occun within a mosaic of disturoed wetland vegetation <20% on 
~amer Torrey, Ritta lslds. and canal banks. Fl ws. _!E!X. -smr. 

37 Sawgrass/B uttonbush Sawgrus is usually domina.oted@ 40% to Buttonbush @ 20% . 

38 Canal Trees Mixed forest of Brazilian Pepper, Palms , Willow , Melaleuca &: 
Australian Pine. 

• FAU biologists suspect no aerial photo identification possible 
• FAU remote sensing crew has no distinguishing photos of these vegetative classes 

[Items 1-33 are listed in order of descending height. Item numbers 18, 19 & 36 are 
deleted .) 
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Flight 
Line 

2 8 9 10 11 12 13 14 15 

3 9 10 11 12 13 14 15 16 17 

4 12 13 14 15 16 17 18 19 20 21 

5 18 19 20 21 

6 19 20 21 22 ~ 

7 ,)if';)( )>t p( >< 15 

8n 2 3 

as XXx;('1o 11 12 13 

9n 2 3 

9s 4 5 6 

lOn 2 

lOs 3 

lln 2 
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QUAD SHEET ______ __ 

MAPPING INITIATED 

MAPPING COMPLETED 

QA'd 

ERRORS CORRECTED 

DIGITIZING BEGUN 

ERRORS CORRECTED 

QA'd 

ERRORS CORRECTED 

MERGED WITH ______ __ 

SAMPLING DONE 

WORK COMPLETED 

WORK FLOW SHEET 

DATE INITIAL 
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PHOTO NUMBER: 

ADJACENT PHOTOS: 

MAPPIH~G INITIATED 

LABELING INITIATED 

QA'D 

ERRORS CORRECTED 

MERGED WITH 

SAMPLING DONE 

WORK COMPLETED 

WORK FLOW SHEET 

DATE INITIALS 
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PAGE OF 

PHOTO 

DATE BEGUN INIT: ___ _ 

DATE FINISHED ___ _ INIT: ___ _ 

QUALITY CHECKED ___ _ INIT: ___ _ 

QUALITYCHECKED ___ _ INIT: ___ _ 

CLASSIFICATION ---------

DATE SCANNED 

DATE RETURNED _________ _ 

DATE FORWARDED TO GIS -------

COMMENTS: 
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QA/QC FORM 

MAP SHEET # DATE INIT: ---- ---- -----

1. NUMBER OF POLYGONS (CHECK . PAT) ----------------
2. LABEL ID'S (SHOULD EQUAL TOTAL NO. OF POLYGONS) 

1. -----------
2 • -----------
3. ----------
4. ----------
5 . -----------
6. -----------

3. CHECK FOR DANGLING ARCS ---------------

4. LOG SHEET AND DOCUMENTATION COMPLETE 
1. LOG SHEET ___________________________________ __ 
2. QA/QC ____________________________________ __ 
3. 
4. ------------------------------------------------

5. RECORD ID ERRORS OR l~Y POSSIBLE ERRORS ----------

6. REVIEW ERRORS WITH DIGITIZER~-------------------

7. ERRORS CORRECTED OR EXPLAINED _________________ __ 

8. VERIFICATION VIA OVERLAY WITH ORIGINAL MAP ( SHOULD 
BE WITHIN 20%) _________________________________ _ 
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GIS Coverage Flow Sheet 

PHOTO NUMBER ____ ___ _ MAPPED BY ___ _ 
TIF FILE NAME DATE SCANNED BY ---- ----
GIUD FILE NAME DATE CONVERTED BY --- --
DATE TRACING BEGAN ____ _ 
PARTIAL VECTOR COVERAGE NAME 

---·---

DATE LABELED ______ _ 
LABELED COVERAGE NAME _____ _ 

DATE TRANSFORMED ________ _ 
TRANSFORMED FILE NAME __________ _ 
RMS ERROR FOR EAC TIC: 

TICID RMS __________ _ 
TIC ID RMS __________ _ 
TICID RMS _________ _ 
TICID RMS __________ _ 
TICID RMS ______ _ 
TIC ID RMS ______ _ 
TICID RMS _____ _ 
TICID RMS _____ _ 

Q/A'edBY DATE ___ _ 
EDGEMA TCHED WITH ____ _ 

DATE APPENDED ____ _ 
APPENDED COVER NAME ____ _ 
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I South Florida Water Management District J-
l GIS Data Dictionary Input Form 

h1H13 *"HtatWif!b'JA4'¥8M¥ftt\W?ttt1:' %U2\C"@M SQtaJ!ISS1'!f'§££M?1 &;: I M ~~ .... ~ ~! ~-'/- - ~) . 

Coverage Name: f 0 lnituut?Uryi 0 UpdaU I 

Descripiion : ____________________________________________________________________ __ 

Coverage Type: 

O Point 

0 Polygon 

0 Line 

O Combination 

Location: {On-line Path) 

Department#: 

Coverage Date: 

Data Quality Rating: 

Coverage Class: 

0 PR/M(PrimaryCoverageJ 

0 PROJ(ProjutCovuage) 

Location: {Off-line) 

Contact Person: 

Update Frequency: 

Storage Allocation: 

Supplemental Documentation (Rt{ertnct Material): 

Comments: 

Coveral{e Status: 

O Cumpldtt 

0 ln-progr.:ss 

Fe~ture . Attribute 'fable In: --------------------------- <Cuv-namo< > .I'.-\ T .. :.·· - ~· · ~--~.: .. •, . . . . ' .. · •' ... ~- ·. . ~ 

Item Name: Description: (additional space on reverse side! 

Feature Attribute~~!!~~~> --------------------------------- <Cov-namtt > .-\ .-\ T 

Item Name: Description: (additional space on reverse side) 

Relate Environments: 

FAT Name FAT l~m Oracle Tahle 

Departmental CIS Coordinator Approval: 

() .1t a 1-: n t e r c d Into J) at a () i c tiona r y I! y: 
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South Florida Water Management District 

GIS Data Dictionary Input Form 

Continuation of Feature Attribute Description I Relate Environment 

Feature Attribute Table #1: ----------------- <Cov-nam~ >PAT 

Item Name: Description: 

~~~~~i:~i£!!Y.~1:~~~& .. ~~it1 -----------------<Cov-name>.AAT 

Item Name: Description: 

Oracle Table Oracle Col Oracle Ow BD Unk 
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LOG SHEET 

MAP SHEET DATE DIGITIZER ---- ---- ----

REGISTRATION POINTS (MAP SHEET# AND UNIQUE ID) 
!. ____________ _ 

2. -------------3. -------------4. RM_S_E_R_R_O_R _________ _ 

TRANSFORM 
1. --------------2. ________________________ _ 
3. _______________________ _ 

4. 
&~~S-E~RR~O~R-------------------

POLYGONS DIGITIZED 
10. ______________________ __ 
20. ------------------------30. _____________________ __ 
40. ____________________ __ 
50. ______________________ __ 
60. 
TOT7AL~--------------------

ERRORS OR INCONSISTENCIES 

CLEAN INFORMATION 
FUZZY TOLERANCE (DEFAULT) 
DANGLE LENGTH 
SNAP DISTANCE (.05 - .03) 
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COVERAGE TRACKING FORM 

MAP SHEET II INIT: TYPE ----- ----- -----

!. _____________ __ 

2. _____________ __ 

3. ---------------
4. --------------
5. _____________ __ 

6. __________________________ __ 

]. __________________________ __ 
8. __________________________ __ 

9. __________________________ __ 

10. __________________________ _ 
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