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Course Proposal:

Advanced Geographic Information Systems

Details:

a.

Course Title: Advanced Gecgraphic Information
Systems [GIS]

Sponsors: Richard A. Scott, Department of Geography and
Anthropology, and the Geography and Anthropology Department

Credit Hours: 3

Course Level: Undergraduate (Junior and Senior
level)

Curricular Effect: The course will serve Geography majors
as a Specialized Elective in the Geographic Techniques
course bank. The course might also be of interest to and
serve as an elective for Computer Science majors.

Prerequisites: Introduction to Geographic Information
Systems. Recommended: introductory computer language
courses [e.g., Basic].

Time and scale of implementation:
1. Time of implementation: Fall 1990

2. Scale of implementation: The course will be offered
once a year in rotation with the introductory GIS

course.
Adequacy or resources required to offer the course:
1. Staff: The department currently has one full time

faculty member who is capable of teaching this course. 1In
addition several professionals working with Geographic

Information Systems have expressed an interest in teaching

a GIS course on an adjunct basis. We plan to offer the
course using full time staff, unless demand for the course
is such that it needs to be offered on a more fregquent basis
than proposed here [once a year].



2. Computing Facilities: In the advanced GIS course
students' learning of GIS concepts, analysis technigques,
algorithms, and data structures will be aided and
illustrated by hands on exercises with three software
packages: 1) the Map Analysis Program (MAP) available
through Ohic State University, 2) the IDRISI program
available through Clark University, and 3) the ERDAS program
from the ERDAS Corporation. MAP and IDRISI are inexpensive
but 1limited capability programs developed by academic
institutions and distributed specifically to support
instruction in GIS. These programs will run on the IBM PS/2
computers in the Social and Behavioral Sciences Computing
Laboratory (SBS Lab) in 122 Robinson Hall. The fourteen
computers available in the SBS Lab provide ample computing
facilities to support this class. Moreover, as the campus
achieves more integrated networking capabilities, the
prospect is that, in the near future, programs available on
the SBS Lab file server will be accessible from many campus
locations. The ERDAS program 1is a state-of-the-art
commercial product that is available on one computer located
in the Geography and Anthropology Department. This program
can accommodate large data sets and has a range of
functionality that enables it to work more effectively with
real world research and policy analysis problems than the
MAP or the IDRISI programs. The ERDAS program will be used
by students to carry out a group term project.

3. Space Needs. The classroom and computer laboratory space
currently available to the Geography and Anthropology
Department are adequate for the support of this course.

4. Library Holdings. Library holdings are adequate to
support offering undergraduate education in Geographic
Information Systems. The Department of Geography and

Anthropology has offered courses in computer cartography,
quantitative analysis, and remote sensing since the later
part of the 1970s. At that time we began to order library

materials to support these course offerings. Inasmuch as
GIS 1is an outgrowth of these areas, we already have
significant holding to support this GIS course. In

anticipation of offering courses in GIS we have begun to
increase orders for materials focused more specifically on
the GIS area. For example, the department recently ordered
the Jjournal, Geographical Information Systems.
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3.

a.

a logical outgrowth of OUr previous focus on  computer
cartographics, remote Sensing, and quantitative spatial analysis.
This new course and the one preceding it [see Proposal for
introductory GIS course] will bring the department ¢t the
forefront of undergraduyate pPrograms offering clusters of courses
in digital cartography, remote sensing, quantitative analysis,
and GIS. As such the coursge will serve to bprovide our students

Essence of the Course:

Objectives of the course. Upon completion of the course,
Advanced Geographic Information Systems, students will be able
to:

1. define the concept of GIS in deneral terms and differentiate
GIS from computer mapping, computer aided design, and other
related technical areas.

2 explain the importance of geo—referenc1ng and rectification
of multiple data sets to efficient angd accurate GIs
analysis.

3 Outline the elements of GIS database concepts including the
advantages and disadvantages of various conceptual
dpproaches

4, explain the broad differences between raster and vector mode

data structures and outline the advantages and - the
disadvantages of each of the two approaches to Iepresenting
draphic objects

5. outline frequently used raster data . Structures Citing
advantages and disadvantages of each structure

6. outline frequently used vector data Structures Citing
advantages and disadvantages of each

7. describe and program Simple GIS algorithms for carrying oyt
operations such as line simplification, point 1in polygon
detection, and slope determination

8. demonstrate mastery of advanced GIs analysis techniques



b. Tepical Outline:

I. Brief Review of Introduction to Geographic Information Systems

A. Definition of GIS
B. Review of Spatial Data Types and Elementary Analysis
Techniques

ITI. Geographic Coordinate Systems and Geo-referencing of Data

A. Map coordinate systems and map projections
1. state plane coordinates
2. Universal Transverse Mercator coordinates
B. Technigues for transforming spatial data for map
rectification
1. techniques for vector data
2. techniques for raster data
C. Conversion of data modes
1. vector to raster
2. raster to vector

ITII. Vector Data Structures for Representing Geographic Point, Line,
and Area Data Types

A. Full polygon or simple polygon structure
B. Point dictionary structure
C. Chain encoding with neighbor identification

IV. Raster Data Structures for Representing Geographic Point, Line,
and Area Data Types

A, Full raster representation [pixel by pixel]
B. Chain codes for raster data

C. Run length codes for raster data

D. Block codes [two dimensional run cocdes)



E. Quadtree data structures

v. Logic of Analytical Techniques [e.g., how GIS operations for
overlay, and other operations work]

A. Calculation of spatial statistics

1. length,
2. area,
3. centroid calculation

B. Line generalization techniques
1. systematic point removal
2. crucial point retention methods

C. Polygon overlay operations

D. Digital Elevation Model [DEM] operations
1. calculating slope and aspect of a point from DEM data
2. locating ridges and valleys from DEM data
3. visibility determination

VI. Application of Advanced Analytical Techniques
A. Overview of problem to be assigned for project

B. Laboratory and tutorial sessions for project work

€. Evaluation of students:

The students' progress in mastering course material will be
ascertained in several ways: 1) a midterm essay and problem
examination, 2) computer laboratory assignments, and 3) a final
integrative GIS problem that will require students to demonstrate a
broad mastery of GIS analysis techniques.



d. Course evaluation:

I will use a course evaluation strategy in this course similar to that
I use in the other courses I teach. For overall evaluation of the
teaching quality I will use the SIR form. For evaluation of the
content, exercises, examinations, demonstrations, and laboratory
sessions I will use a questionnaire designed specifically for the
course.

IV. Results of consultation: Consultation under separate cover. The
consultants are:

A. Jack Cimprich, Director of Academic Computing and Professor of
Computer Sciencge

B. Leigh Weiss, Professor, nNepartment of Industrial Education and
Technology



Catalogue Description:

Advanced Geographic Information Systems begins with a review of GIS
concepts and capabilities. The course then moves to a consideration
of the inner workings of GIS by exploring a sample of raster and
vector data structures, and computational algorithms used in GIS

analysis. Finally, the course treats more advanced analysis
techniques. Students 1learn the workings of GIS and GIS analysis
techniques through 1lecture and 1laboratory sessions. Student

evaluation is based on performance on examinations and projects.



GLASSBORO STATE COLLEGE
Academic Computing Glassboro, New Jersey 08028 (609)863-6515

TO: Faculty Senate Curriculum Committee
FROM: Jack Cimprich, Coordinator of Academic Computing Cg}%i(;--
RE: Geography Department's Course Proposals

DATE: October 11, 1989

I have reviewed the course proposals for "Introduction to

Geographic Information Systems" and "Advanced Geographic
Information Systems" submitted by Dr. Richard Scott of the
Geography and Anthropology Department. As a professor in the

Mathematics and Computer Science Department and as the Coordinator
of Academic Computing for the entire campus, my observations are:

1. These are new courses which are aimed at incorporating
the latest computer applications and techniques in the
Geography curriculum. As such, they are vitally

important in helping the College maintain currency in its
offerings, attractiveness to prospective students, and
marketability for its graduates.

2. Although computer usage is heavy in other departments,
especially Computer Science, Business, and Technology,
these proposed courses do not represent an overlap or
redundancy with the content or interests of these other
areas. In fact, these courses, along with the existing
Computer Cartography course offered by the Geography
Department, provide excellent free elective choices for
majors in other computer-related disciplines.

3. Finally, regarding the impact of these proposed courses
on computer resources, there is always the concern that
additional demand may cause some problems. However,
because the Geography Department has access to the
excellent IBM lab on the first floor of Robinson, and,
because there is inherent backup and room for overflow
in several of the other student labs on campus, and,
because of the implementation of a campus fiber optic
backbone that will occur this year which will further .
allow sharing of computer resources, I see no problems
in meeting the equipment needs.

In summary, these courses will be valuable to both the

Geoagraphy/Anthropology Department as well as the rest of the
college and can be accomodated by existing computing facilities.

New Jersey s An Equal Opportunity Empioyer



Example of GIS Problem Solving

Suppose that you were charged with locating a sawmill in a
developing nation. Since transport of sawn timbers is more efficient
than transport of the raw material [i.e., unsawn timbers], the sawmill
must be located near the site of the raw material, the forest. The sawn
lumber must be transported from the forest to market by way of the
existing road system. 1In practice this means that the new sawmill must
be located within 2.5 kilometers of the highway. This country has
tourism as an industry. To preserve the esthetics of the landscape the
sawmill must not be visible from the highway. Where are the potential
sites for the sawmill? Clearly those sites must be: 1) near the forest,
2) within 2.5 km from the road, and 3) invisible from the road.

To begin your search for a suitable site you map the forests of
the area [as in Figure 1] by extracting the location of forest from a
coverage containing land cover information.

FOREST

Land Area
# Mater Body
Evergreen forest

figure 1 Location of Forests



After determining the location of the forest, the next task is to map
the highway network that will be used in transporting the sawn timber

to market. Figure 2 depicts the 1location of roads suitable for
transporting the timber.

rr oy r Y

£

NETWORR

Land Area
# Water Body
/7 Road Network

Figure 2 Location of Highway Network



Next you must determine the visibility of the landscape from the highway
in order to create a map depicting places visible and invisible from the
road. Figure 3 shows the locations of sites that are acceptable from
the standpoint of the visibility criterion. The map was generated using
a view shed program in conjunction with a topographic overlay on the
highway network.
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Figure 3 Visibility from Highway



You now need to identify all locations that fulfill the criterion of
being within 2.5 km of the highway. Figure 4 shows the corridor of
sites that are acceptable from the standpoint of highway access.

CORRIDOR

LAND AREA
2.5 KM FROM ROAD
#! WATER

/2 ROAD NETWORK

R/ R P SN

Figure 4 Corridor within 2.5 km of Highway




The final step in the analysis requires that you overlay the map of
forest, the 2.5 km corridor, and visibility to identify the sites that
are near to the forest, w1th1n 2.5 km of the highway, and invisible from
the road. Figure 5 shows the acceptable sawmill sites and the location
of forest.

SAWSITES

LAND ARER

2.5 XN FROM ROAD
“: WATER

EUERGREEN FOREST
7 ROAD NETWORK
# POTENTIAL SITES

Flgure 5 Acceptable Sawmill Sites



TO: Faculty Senate Curriculum Committee

FFROM: Leigh Weiss, Technology Department

FE: Geography Department’s Course Froposals

Date: October 12, 139849

I straongly support the course proposals "Introduction to
Geographic Information Systems" and "Advanced Geographic
Information Systems' submitted by Dr. Richard Scott of the

Geography and Anthropology Department.

These new courses offer a unigue oppoartunity for incorporating

state of the art computer applications and technigues into the
Seocgraphy curriculum. They will enable the Geocaraphy and
Anthropology Department to offer curricular content that is

timely and practical and allows students to develop skills that
are marketable in a variety of industrial, commercial,
educational and governmental arenas.

GFIS (Geographic Information Systems) yield data that is vital for
a wide range of prafessionals. It would be an attractive elective
for students in Industrial Technology who wish to enhance their
expertise and proficiency with computer aided drafting and design
and develop proficiency in the analysis and presentation of
spatial data.

The "real world" applicability of these courses will make them
impartant components of the Geography and Anthropology
Departments and practical eleclives for Industrial Technology
students.

GSC SENATE

Q6T 16 1989

RECEIVED



