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Three-dimensional space object data are displayed in two-dimensional 
perspective picture plane coordinates, and spatial information may be 
superimposed on that display. 

T HE NASNNSTL EARTH RESOURCES LABORA- 
TORY (ERL) has developed several computer 

software programs and procedures (Junkin, 1979a; 
Junkin, 197913; Pearson, 1977; Graham, 1977) 
within the framework of a computer-oriented in- 
formation system (Whitley, 1975; Whitley, 1976) 
for the processing and analysis of data from dis- 
parate, geographically oriented base maps and 

(1976). These systems, an example of which is 
shown in Plate 1 (page 581), consist of an image 
display system, a graphic digitizer, a small digital 
computer and an output recording device. All hard- 
ware components used in these low-cost data pro- 
cessing systems are off-the-shelf. The software 
consists of a Landsat multispectral scanner data re- 
formatting program, a series of supervised and un- 
supervised spectral-pattern-recognition programs, 
a program to reference the image data to a map 

ABSTRACT: A generalized three-dimensional perspective software capability 
has been developed at the NASAINSTL Earth Resources Laboratory within the 
framework of a low-cost computer-oriented geographically based information 
system using the Earth Resources Laboratory Applications Software (ELAS) op- 
erating subsystem. This perspective software capability was developed primari- 
ly to support data display requirements at the NASAINSTL Earth Resources Lab- 
oratory. It provides a means of displaying three-dimensional feature space ob- 
ject data in two-dimensional picture plane coordinates and makes i t  possible 
to overlay different types of information on perspective drawings to better 
understand the relationship of physical features. An example topographic data 
base is constructed and is used as the basic input to the plotting module. The 
example displays illustrate oblique viewing angles that convey spatial concepts 
and relationships represented by  the topographic data planes. 

from remote sensor aircraft and satellite systems. 
These different types of information are compiled 
into data bases which contain information on land 
use, elevation, slope, soil series, rainfall, popula- 
tion density, etc. The capability to manipulate, 
store, analyze, display, and disseminate the large 
volumes of data in these data bases has evolved 
through research efforts at the ERL (Whitley, 1975; 
Whitley, 1976). 

Examples of several practical modular systems, 
with emphasis on low cost, are given in Whitley 
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base, a data storage and retrieval program, and 
various applications programs. 

The software support concept has evolved into 
an operating subsystem referred to as the Earth 
Resources Laboratory Applications Software (ELAS). 
This software system accepts as input a variety of 
data types, including topographic data tapes from 
the National Cartographic Information Center 
(NCIC). Users of these data require oblique view- 
ing angles to convey spatial concepts and relation- 
ships represented by the topographic data planes. 
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For example, the relationship of Landsat classifi- 
cation components to elevation may be visualized 
by perspective color mapping of the classification 
data plane onto the topographic elevation data 
plane. Other graphic information, such as aspect 
or slope, can be placed on the perspective plot to 
relate the data elements to the terrain profile. This 
article addresses the procedures involved in the 
development of a generalized three-dimensional 
perspective software capability to support the 
above display requirements and presents typical 
results using a topographic data base. 

GENERAL OVERVIEW 

There are several steps required to determine 
the two-dimensional perspective picture plane co- 
ordinates for the display of three-dimensional fea- 
ture space object data (Newman and Sproull, 1973). 
First, the reference system coordinates of the fea- 
ture space object are translated to the vantage 
point coordinate system. Then, the vantage point 
coordinates are rotated through two angles in 
order to align them with the vantage point line of 
sight passing through the origin of the reference 
coordinate system. Finally, a perspective transfor- 
mation is applied to obtain the two-dimensional 
picture plane coordinates for the actual display on 
two-dimensional display devices (i.e., X-Y plotters 
or CRT screens). An integral part of this display is 
the removal of hidden lines on the other side of 
the object from the vantage point. Additional de- 

FIG. 1. Reference, vantage point, and picture plane 
coordinate systems. 
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FIG. 2. Initial position of reference and vantage point 
coordinate systems. 

tails of the software development for three-dimen- 
sional perspective display are given in Junkin 
(1980). 

COORDINATE SYSTEMS 

There are three rectangular coordinate systems 
involved in the derivation of two-dimensional 
picture plane coordinates. These are the reference 
coordinate system (X,Y,Z), the vantage point co- 
ordinate system (X',Y',Z1), and the picture plane 
coordinate system (X",Y1'). 

A brief description of each follows: 
(X,Y,Z) Reference System. This is a right-handed 

fixed system of axes. The coordinates of the ver- 
tices of all objects as well as the vantage point 
(Xo,Yo,Zo) are given in this system. 

(X1,Y ',Z1) Vantage Point System. The vantage 
point (Xo,Yo,Zo) specified in the reference system 
is taken as the origin of the vantage point coor- 
dinate system, in which coordinates are denoted 
as (X1,Y',Z'). This is a left-handed coordinate sys- 
tem wherein the 2' axis goes from (Xo,Yo,Zo) through 
the origin of the (X,Y,Z) reference system. The X' 
axis is parallel to the X-Y plane of the (X,Y,Z) ref- 
erence system. 

(X1',Y") Picture Plane System. This is a two-di- 
mensional coordinate system which represents 
the plane of the actual perspective drawing. This 
plane passes through the origin (X,Y,Z) of the ref- 
erence system and is chosen perpendicular to the 
Z' axis. The X" axis is chosen to lie in the X-Y 
plane. These coordinate systems are depicted in 
Figure 1. 

COORDINATE TRANSFORMATIONS 

The transformation from the reference coordi- 
nates to the vantage point coordinates can be ob- 
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tained by considering the geometry in Figure 2. 
This transformation is given by the following ma- 
trix equation: 

where 

FIG. 4. Rotation through angle P about X' axis. Two rotations are now required in order that the 
vantage point coordinate system is so oriented that 
the 2 '  axis goes through the origin of the reference 
coordinate system. This is accomplished with a ro- where 
tation about the Y' axis by the angle a ,  followed 
by a rotation about the X' axis by the angle p. The 0 

rotations about the Y' and X' axes are shown in 
Figures 3 and 4, respectively. The final rotation, 

f ix  = [ -;;;; id 
shown in Figure 4, results in the Z' axis passing 
through the origin of the reference coordinate sys- cosa 0 -sina 
tem. Thus, the total transformation can be writ- & =  [. 1 ] 
ten as sina 0 cosa 

(5) Expanding Equation 5 ~ i e l d s  

x -  

FIG. 3. Rotation through angle a about Y '  axis. 

From basic trigonometry, the following relations 
are obtained from Figure 3: 

sina = Xdd 
(9) 

cosa = Ydd 
and, from Figure 5, 

where 

PROJECTIVE TRANSFORMATION 

Once the 2' axis is oriented to pass through the 
origin of the reference system, the three-dimen- 
sional coordinates (X1,Y',Z') must be projected on- 
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FIG. 5. Geometry for perspective projection. 

to the XI1-Y" picture plane in order to generate the 
actual two-dimensional coordinates. This projec- 
tion is shown in Figure 5. The point V"(X",Ytl) in 
the picture plane is related to the point Vf(X',Y', 
Z') in the vantage point system by the following 
equations : 

HIDDEN LINE PROCEDURE 

A two-dimensional representation of a three-di- 
mensional surface can consist of line segments of a 
succession of curves. The basic approach used 
herein for removing hidden lines is to eliminate 
all of those line segments which are behind other 
surfaces and which would not be visible in a plot 
of the data in two dimensions. A lower boundary 
(or horizon array) for all lines is set up below which 
no line is drawn. Visibility arrays are set up and 
then the line segment points of the curve closest 
to the observer are tested. If the point is visible 
then it is inserted in the visibility array and be- 
comes a point in the horizon array. If it is not visi- 
ble, then the next point of the line segment is 
tested, and the process is repeated until all points 
along the curve have been tested. The visibility 
array now contains the points for plotting the first 
curve in the foreground. This logic is then applied 
to the line segment points of the curve next farthest 
from the observer. At each step the horizon array 
is also tested and updated. Other types of algo- 
rithms can be found in the literature (Wright, 1973; 
Williamson, 1972; Gottlieb, 1978; Loutrel, 1970; 
Potmesic, 1976). 

SCALING 

The final step before displaying the (Xf',Y") per- 
spective data on a CRT screen or other display de- 
vice is to scale the data to fit within display limits. 
Basically, this involves scanning the (Xrr,Y") data 
to find maximum and minimum X" and Y" values 
for use in computing linear transformations of the 
form P = Anyt + A,. For elevation data obtained 

from contour profiles, we want A, and A, to be 
such that YAin is 0 and YLa, is some value Zmax. 
Thus, we have 

AnY:in + A, = 0 

AoY,"ax + A1 = Zmax 
Solving for A, and A,, 

An = Zmad(Y:ax - Y l i n )  

The elevation data values are then computed from 

THREE-DIMENSIONAL SOFTWARE 

The development of a three-dimensional per- 
spective software capability to support the display 
requirements addressed earlier in this article has 
been accomplished under the ELAS operating sub- 
system. A functional diagram of this geographical- 
ly based information system is shown in Figure 6. 
The three-dimensional program, as developed for 
running on the N A S ~ E R L  computer system, is sum- 
marized in Figure 7. Various ELAS functional pro- 
grams, such as CFSUB, RDWR, RIO, ILBYTE, and 
ISBYTE, were used in this development. 

The program determines the two-dimensional 
perspective picture plane coordinates for the dis- 
play of three-dimensional data and provides for 
the overlay of other types of data onto this per- 
spective. It can be executed either in the demand 
(interactive) or batch mode of operation. The data 
are processed beginning with the surface profile 
closest to the observer. Each profile is read and 
scaled according to a previously determined scale 
factor. Overlay data are then extracted from the 
appropriate input. The (X1',Y") picture plane data 
and the overlay data are then passed to the sub- 
routines HIDLIN to determine if any portion of the 
line is visible. Visible segments of the line are 
then passed to the subroutine INTERP, which trans- 
fers the data to a disk file for subsequent plotting 
on an X-Y type plotter or for viewing on an image 
display device. 
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INPUT SETUP 

TAPE-TO-DISC 
NCIC CELL SIZE - 63.5 METERS --, TAPE 

ROTATION - EIW to NIS 

MAPPING EQUATIONS 
x - A] + A2XE + A3YN 
y = B1 + BpXE + B3YN 

RESAMPLING, PART 1 
INPUT PARAMETERS 

RESAMPLING, PART 2 
RESAMPLE TO DESIRED CELL SIZE 

TOPOGRAPHIC PARAMETERS 
- ELEVATION 
- SLOPE 
- ASPECT 
- SLOPE LENGTH 
- E/W SLOPE 
- N/S SLOPE 

6CH - TLCH 
DATA BASE 

ENTRY 

FIG. 8. NASAIERL topographic data processing and analysis 
software overview. 

The input is a standard ELAS data file, referred to 
as  ID^. The output is another ELAS data file known 
as ODF. Two channels of data are used by the pro- 
gram-one to produce the plot and another to pro- 
duce the overlay element along each line. As each 
element of data is plotted, the overlay value for 
that line segment is determined by the value cor- 
responding to that element. 

TOPOGRAPHIC DATA BASE SOFTWARE 

The National Cartographic Information Center 
(NCIC) of the U.S. Geological Survey, Department 
ofthe Interior, provides a national information ser- 
vice to make cartographic data of the United States 
accessible to the public and to various federal, 
state, and local agencies. These cartographic data 
include geographical maps and charts, aerial and 
space imagery, topographic maps, etc. This type of 
data is used by the NASAIERL as its primary source 
of topographic information and is available from 
the NCIC on 800 to 1600 CPI tapes. These data 
serve as input to a series of three topographic ap- 
plication modules for the construction of a topo- 
graphic data base and subsequent input to the 
three-dimensional software. 

The first module consists of six overlays: ToPo, 
TOPI. TOP2. TOP3. TOP4 and TOP5. A second module 
  TOP^) computes slope, aspect, and slope length on 
the output of TOP5. A third module ( T ~ C H )  com- 
putes the average north-south slope and the aver- 

age east-west slope in addition to the four vari- 
ables computed in TOP6. Basically, these modules 
reformat the NCIC data from tape into the E L A ~  
data file format; rotate the data 90 degrees to a 
north-south orientation; compute mapping coeffi- 
cients that relate transposed plane coordinates to 
UTM coordinates (eastings and northings); resample 
the 16-bit data to a UTM grid file; and then use 
this file to compute slope, aspect, slope length, 
and average slopes. These modules are summarized 
in Figure 8. A technical writeup of these proce- 
dures with a topographic data base example is in 
progress and will be published in the near future 
as a NASA TM (Technical Memorandum). 

RESULTS USING A TOPOGRAPHIC DATA BASE 

The TOPO application modules were used to 
construct a multichannel topographic data base 
file containing elevation, slope, aspect, and slope 
length parameters for the Olympic National Park 
in the State of Washington at a cell size of 50 metres 
by 50 metres. Another channel in this data base 
contains the results of classifying a Landsat MSS 
data set for this area which was subsequently im- 
proved by using elevation data. The park encom- 
passes some one million acres and includes the 
Olympic Mountains. Elevations in the Olympic 
Park range from sea level to approximately 8,000 
feet, with variations in vegetation corresponding 
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PLATE 4. Perspective relationship of classification to elevation for a 
rotation of -10 degrees and a tilt of 45 degrees. 

PLATE 5. A backside perspective 
view. 

PLATE 6. Perspective relationship of classification to elevation for no ' 
rotation and a tilt of 60 degrees. 
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to severe changes in terrain and rainfall patterns 
within the park. 

The Olympic Park vegetation-type land cover 
classification derived from the Landsat MSS data 
which is improved using NCIC elevation data is 
shown in Plate 2. Further details on the deriva- 
tion of these results are given by Cibula ( 1 9 8 1 ) .  
The color codes for the 2 1  classes are shown in 
Plate 3. The relationship of classification compo- 
nents to the elevation components may be visual- 
ized from Plate 4, which contains the perspective 
color mapping of the classification data plane on 
the topographic elevation data plane. This per- 
spective plot was obtained by using a viewing ro- 
tation angle of -10 degrees and a tilt angle away 
from the viewer of 45 degrees; it corresponds to 
the outlined area in Plate 2. A backside view of a 
northwest section of the elevation and classifica- 
tion data planes for this same area is shown in 
Plate 5. Plate 6 shows a south section of this same 
area with no rotation and 60 degrees tilt. These 
displays are but a few examples of how three-di- 
mensional perspective graphics can be used to 
convey spatial concepts and relationships repre- 
sented by topographic data planes. 

A generalized three-dimensional perspective 
software capability has been developed at the 
NSTLIERL within the framework of a low-cost 
computer-oriented information system using the 
Earth Resources Laboratory Applications Software 
(ELAS) operating subsystem. This perspective soft- 
ware capability provides a means for displaying 
three-dimensional feature space object data in 
two-dimensional perspective picture plane coor- 
dinates and makes it possible to superimpose dis- 
parate or spatial information on perspective draw- 
ings in order to better understand relationships of 
physical features. 

Digitized topographic elevation data obtained 
from the National Cartographic Information Center 
are used as input to a series of topographic appli- 
cation modules for the construction of a topographic 
data base. These data base parameters are sub- 
sequently input to the three-dimensional plotting 
module and serve to illustrate one type of data 
base input. The relationship of a Landsat classifi- 
cation to elevation is illustrated by the perspective 
color mapping of the classification data plane onto 
the topographic elevation data plane. These ex- 
ample displays illustrate oblique viewing angles 
that convey spatial concepts and relationships 
represented by the topographic data planes. 

port efforts in developing the program code for 
the three-dimensional applications module. 
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