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This report was completed under Project 1192, The rercarch equipment discussed
within the report was procared under Task 119202, Advanced Simulation in

Undergraduate Pilot Training.
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ENVIRONMENTAL DATA BASE DEVELOPMENT PROCESS FOR ‘THHE ASUPT C1G SYSTEM

P 1. INTRODUCTION

The Advanced Simulator tor Undergraduate Pilot Training (ASUPT) Computer Image Generation
System (CIG) is one in which the visual environment s defined mathematically in a three-dimensional
reference system, stored as numerical data In computer memory, retrieved in real time (30 frames/sccond),
and projected according to its visibility from the current unrestricted viewpolnt, position and attitude as 2
perspective image on two<limensional viewing planes (Figure 1),

- +7
+Y
o /.
Eye Point A ' // ' . :
i - +X
. ' Environmental
| \ Refeorence System

2-D Viewing Plane

-

Figure 1. Projected perspective image,

This report concerny itself with the offline processes involved in creating a mathematically modeled
environmental data base in a form ready for processing by the offiline software programs and validation
algorithms,

1. MODELING

Overview

The art of defining and storing the visual environment as numerical data in computer memory s

\ called modeling. Once the key visual cues of the real world are identified as a necessary part of the

: environmental data base (such as the control tower at Williams AFB, Arizona, as shown in Figure 2) the
modeler then proceeds to define these features in o three-<himensional orthogonal coordinate system,

ltems such as maps, photographs, scale drawings, and blueprints serve as source dato (Figure 3),
Sketches (Figure 4) are made approximating cach feature with o set of straight line segments or edges. A
closed convex set of coplunar edges deseribes o face to which a gray shade is assigned (Figure ),

Sets of faces are used to define objects, A two.dimensional objeet is formed with a st of
non-overlapping coplanar faces whereas o three-dimensional objeet is a set of faces forming a closed,
convex, polyhedron (Figure 0),

Preceding page biank
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Sets of these >bjects are combined respectively to form two-dimensional and three-dimensional
wodels (Figure 7).

Collections of these models define an environment (Figure 8).

Basic to the definition of any edge, face, object, or model is the detei..anaticn of the coordinates of
the vertices terminating each cdge. Each object, model, and environment has its own reference system.
Once the coordinates of the vertices of an object have been determined in its reference system (Figure 9)
the modeler can by specifying a scaling, rotation, anu translation factor: scale, rotate, and locate an object
in the models reference system. In a similar manner models are located and oriented in the environment.

3
14
¥
;

All of the preceeding information is collected as numerical data on special coding forms (Figure 10)
which are used by the keypunch operators in preparing the computer input cards. The information on these
cards is then read into the computer by the card reader-punch and validated by the offline software
programs. Error messages are relayed by means of the teletype and lineprinter, and valid data is stored as
libraries on magnetic tape. The final environment is stored on the two fixed head discs.

Definitions
EDGE - A straight line segment defined by two vertices.
FACE - A closed convex planar polygon.
GRAY SHADE - A uniform monochrome CRT brightness assigned to a face.
OBJECT (2-D) — A set of nonoverlapping coplanar faces.
OBJECT (3-D) — A set of faces forming a closed convex polyhedron.
MODEL (2-D) — A set of 2 D objects.
MODLL (3-D) — A set of noninieresecting 3-D objects.
ENVIRONMENT - A collection of models.
CRITICAL DIMENSION - The maximum linear extent of a model.

LEVEL OF DETAIL - Each feature of the environment is modeled in three levels of detail (Figure
11) with LOD1 the most complex and LOD3 the least complex. In real time the system then selects for
cach feature to be displayed the appropriate LOD of its representative models consistent with the pilot’s
viewpoint. Use of this techmique results in the elimination from processing those edges. faces, and objects
too small te be perceived.

S TR o S
YA ?

MODEL TYPES
TYPE |

.2-D - Those models whose critical dimension 1s < 1 nautical mile.

AN

o>

A
2,3’,;, .3-D - Those models whose critical dimension is < 400 feet.
L
. TYPE U1
Y
.2:D Those models whose critical dimension is > 1 nantical mile but < 120 nautical miles.

> 3D Those models whose critical dimension is > 400 feet but < 7.2 nautical miles.

Constraints

EDGE  From any onc viewpoint there can be a maximum of 2,000 potentially visible display edges
plus a display boundary and overload reserve of 500 edges.

OBJECT
2D Each object can have at most 32 cdges and/or 16 convex faces lymng in the same plane.

3D Each object must be a closed convex polyhedron and have at most 37 edges and/or 16 faces.
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Each object utilizing curved surface shading can have a maximum of four vertices per visible face with
three vertices being preferable.

MODEL
.2-D — Each model can have at most 30 objects.
.3-D - Each model can have at most 15 objects.

.T-37 - The moving model is made up of partitions (3—D models) and can have a total of 100
objects.

MODEL TYPES

JYPE I - In any of the 36nm wide strips running north-south in the environment there can be at
most 400 models of this type.

— In any 36nm square there can be at most 200 models of this type.

JTYPE 11 ~ In any 200nm wide strip running north-south across the environment there can be at
most 400 models of this type.

— In any 200nm square there can be at most 200 models of this type.

VIEW —~ From any point within the environment there can be:

.within range of view, at most:

- 512 objects

— 200 models

. within field of view, at most:

— 2,000 potentially visible edges plus a display boundary and overload reserve of 500 edges.
— 256 objects

— 200 models

— 30 directional light objects

— 30 blinking light objects

ENVIRONMENT — The total environment, a 1,250nm square area, can contain at most:
- 5,000 models

— 40,000 objects

— 300,000 edges

Construction of a Sample Environment
Once the source data is collected and preliminary sketches made the modeler is then ready to define
the features in a form expected by the computer software.

To illustrate this procrss an example has been chosen to include as many of the available options as
possible, but does not necessarily present the optimal method of modeling the proposed features.

Assume the features to be modeled include a building with a directional blinking light alongside a
textured field as shown in Figure 12,

The modeler begins by creating a library of objects to be used in constructing the models and hence
the environment, The textured field, a 2.D surface feature, can be constructed with two objects, one
overlaying the other as shown in Figure 13.

Note that the field has been given dimensions of three feet on a side. It will be scaled to the
appropriate size when the model 1s constructed. The first task is to determine the coordinates of the
vertices of each edge in the objects reference system as shown in Figure 14,
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Figurc 14. Veitex coordinates of textured field objects.
22




«"“‘3-

«~
'»3
Jk

TR

Having made such a determination, the coding form for the object and vertex cards can then be
cempleted.

Euch line of this form represents one 80 column computer vad. The gray shaded, boxed areas are for
the modeler’s record keeping purpose. The first thiee lines are for the different object header cards: 3-D
object. surface object, and 3-D light, respectively.

The three foot square shall be uesignated as SQUR in columns 3 through 6 on this form (Figure 15).
This vnique alpha-numeric data set number will be carried through on all the related objeci vertex cards.
Next, tire second line (S in column 1) is completed with the number of vertices in columns 7-8, and the
number of Taces in columns 9-10 all ficlus being right justified. The remaining columns ate left blank not
being pertinent to this object, and will be explained tater. The coordinates of the four vertices of the object
are entered in the first four vertex (V in column 1) rows. Columns 7-8 indicate the relative vertex number
followed by the X. Y, and Z coordina.2s in feet unless a 1 is entered in columns 35. 48, or 61 indicating the
related coordinate is in nautical miles (6.080 ft.).

The coding form for the face cards of this object 1s completed next (Figure 16). Enter SQUIR in
columns 3-6 which is carried on all the face cards identified by an F in column 1. Columns 8-9 identify the
objects relative face number, 11-12 the gray shade (a number from 0-black to 63-white), 14-15 the number
of vertices in the face, and the remaining columns in pairs designate the relative vertex numbers composing
the face in clockwise viewing order.

The checkered pattern (CHEK) which will be located over SQUR is illustrative of what is called a
disjoint surface object indicated by entering a 1 in column 14. A 2-D object is disjoint if it is not convex,
and is handled in a special way by the ofthine software. f a swface s a light, a 1 would be entered in
column 15, The remaming vertex and face cards are done similar to that of the preceeding object (Figures
17 and 18).

To model the building only one objest is needed a one-fuot « ubc (Figure 19), which can be scaled to
the appropriate sizes to construct the building Since CUBL is a 3.1 object. fill out the first line on the
form (o in column 1) with the appropriate information. If a i is entered in column 11 curved surface
shading will be applied to the object by the online system causing the object to appear as having curved
surfaces. The 1 m column 12 idicates that the objects gray shade will be faded online toward that of the
background as a function of range A 1 entered in column 13 causes the face gray shades to be modified 1o
correspond to the true shading winch would occur with a given sun mexdence angle. A comparison among
an object demignated as having curved surface shading, the same object with sun ilfunu ition, and the same
objeet with neither can be seen from left to iight w Figure 20

The remaming vertex and face cards are filled in as before and shown m by ms 21 and 22

The directional/blinking hght (frgure 23) requires a 2-D hght object header card (1 10 column one) as
shown . Figure 24, The completion of this torm is sumular to that done for CLUBE except for colamns
16-57. Lntering a 1 in column 16 causes the hight 1o be dunmed i, addition to being faded, whueh 1 done at
half the rate for a light as for an ordinary obgect. It a hight 1s not dmmed it wili be faded unul it disappears
from view when 1ts perspective image subtends less than one element on the display If the hght s dimme d.
a dimming range (columns 17 18) and an extingmshing range (columns 19-20) must be designated The
dimmuang range specified for a hght will cause that light to appear gs a two element by two raster hine nnage
on the display at that specified rangs regardless of what its projected image would be. 1t will reman at that
size. and be dimmied, in addittion to bemg faded. from that point until it 1s extingwshed at the specified
extinguishing range. The range avanable for dimming and extingushing are stated in Table 1 For example,
entering a 2 for the dimming range causes the hght object to go to a 2 1 2 image on the screen at the range
at which a five-toot squate of cube perpendicular 1o the viewpont appears as a 2\ 2 on the display
Latenng a 3 for the extinguishiung range causes the hight object to be completely dimmed from view ay g 2
2 at that range which a real hght 10-foot on a side becomes indescernable.

Entermg o 1w column 22 indicates the hght obrct s blinking and requures the specification ot an
ON, OFF and DELAY cycle v e L mutuples of the trame times o 1720 second Cyeles ON are desinated m
columns 27 3E, OFF 40 44 and DETAY 5357 Use of the DETAY 3 cles enables the modeler to vany
or sequence the binking rate ot a number of hght objects occurnng withn one model,
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Figure 5 Object-Vertex coding form for SQUR.
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AGS 1288 Figure 17. Object-Vertex coding form for CHEK.
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Figure 19. One foot cube.
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Object-Vertex coding form for CUBE.
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Table 1. Dimming/Extinguishing Ranges for Lights

For a Light Approximating a Square or Cube with Edge
Enter Dimension of:

1 foot object

5 foot object

10 foot object

25 foot object

50 foot object
100 foot object
250 foot object
15,000 foot object

O ~2N L & —

A 1 appearing in column 21 indicates that the light object is directional, and requires the entry of a
bounding planes card (B in column one) as shown in line four of the form. The viewing cone is defined as
depicted in Figure 23. The horizontal field of view is entered in columns 29-32, the azimuth in columns
4145 (with 0° along the +X axis, 90° the Y axis, etc.), the vertical field of vision in columns 55-58, and
the elevation angle in columns 68-71. The definition of these terms is selfevident from the drawing.

The remaining vertex and face cards are the same as those for CUBL (Figures 24 and 25) except the
face gray shade for a light must come from the range of values 37-63.

Having constructed a library of objects it is now possible to build models from these objects. Basically
there are three different types of model cards (Figure 26); the model header card (MH in columns 1-2), the
object locaterotate (ML in columns 1-2) and the object scaling card (MM in columns 1-2). The model
identification, a unique alpha-numeric identifier, is entered in columns 36 and the level-of detail of the
model in column 7 A 1in column 8 indicates it is a runway light model.

The model type is entered in column 18, 0 if a 2-D model, 1 if a 3-D model, 2 if a partition of the
moving model, or 3 if a one partition moving model. The moving model in ASUPT is a T-37 aircraft used
for formation flying. The moving model is made up of a number of models which are called partitions.

The model’s critical dimension is calculated by the offline software if not specified in columns 21.27.
This value is used in sclecting the LOD of the model displayed, and may be adjusted to affect this selection
process.

The data set number entered in columns 28-31 of the ML and MM cards 1s that of the referenced
object. The location of the objects origin in the models reference system is specified on the ML card in the
appropriate columns under the X, Y, Z headings as shown on the form with a 1 entered in columns 43, 55,
or 67, respxctively, if any or these are in nautical miles rather than feet. The rotation factor
counter<clockwise about the appropriate axis is entered in the remaining columns as shown. For the MM
card, the scaling factor for the object in X, Y, and Z is cntered in columns 3242, 44.54, and 56-66,
respectively. Figures 27, 28, 29, and 50 illustrate the two models, and textured field and building with
directional light, along with their respectiv: coding forms.

The final step is to place and orient these modeis in the environment. Assume the environment is
construed as shown in Figure 31,

One environment card {T in column 1) is required for each LOD of each model (Figures 32 and 33).

The model ID is entered in columns 2- 5 with the LOD in column 6. 1f a 1 1s entered m column 7 the
X. Y, Z location coordinates which foliow are in nautical nules rather than feet. The rotation of a model 1s
entirely in the X -Y plane 1.¢., counter clockwise about the Z-axis (columns 46 - 52).

A 1 entered in the designated column (Table 2) indicates the following:
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Figure 28. Textured field model coding form,
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Figure 30. Building model coding form.
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Table 2. Environment Types and Percentage Categories

Column Indicates
53 model is a strobe light
54 model is in the day environment
55 model is in the dusk environment
56 model is in the night environment
57 model is in the 10% category
58 model is in the 25% category
59 model is in the 50% category
60 model is in the 75% category
61 model is in the 90% category
62 model is in the 100% category

The percentage categories are used to share the processing capability of the system when two cockpits
are being flown simultaneously.

The example environment has now been completed, however, a few cards have yet to be explained.
The organization of the card decks is explained in detail later.

Miscellaneous Input

Normals Cards. In order to use the normals cards (Figure 34) one must understand the rationale for
them. When an object calls for curved surface shading calculations are made to determine the normals to
each vertex of that object being the average of the face normals of all faces containing that vertex. If two or
more objects within a model contain the same vertex the average of the face normals of those faces
containing that vertex of both objects are used in calculating the vertex normal.

A gray shade is assigned to each vertex. The vertex normals used in the curved surface shading
algorithm are analogous to the face normals used in the sun-illumination calculation (curved surface shading
utilizes sun-illumination). An incremental change in gray shade is accomplished between the vertices of the
object causing the edges to disappear from view giving the effect of a curved surface.

The need for the normals cards arises when two models abutt, fur curved surface shading is done on a
model basis. Thereiore, when two abutting objects of two different models share the same vertex, the
vertex normal for that vertex in each of the objects is different. Figure 35 demonstrates the cffect that
would occur. In case A we have 14 objects to the left and right of the center object. If these are combined
so that the left 14 objects constitute one model, the center object and 14 objects to its right form the
second model, and apply curved surface shading, then the effect obtained is that shown in case B when the
desired effective is that of case D. If the center cbject is halved creating two 15 object models, the resulting
effect is that of case C,

Obviously, a means is needed of specifying the vertex normals for the vertices shared by two or more
abutting modeis, or any case in which it is desircable to obta.n an effect different than that which occurs
with the normal curved surface shading process. The normals cards enable this to be done.

To illustrate the completion of the nommals card form suppose the moving model is being
constructed, and the fuselage is bisected for the purpose of joining two partitions (i.e., models) as shown in
Figure 36,

Normals cards are necded for all vertices common to these two partitions, however, this discussion
covers only the vertex that all four objects share; i.c., objects U and V of partition B, and objects W and X
of partition C. The exterior faces of cach of these objects has been triangularized as recommended when
using curved surface shading. The purpose is to specify the face normals averaged to calculate the vertex
normal for V. of object U, V; of object V, Vs of object W, and V, of object X. In each case the desired
effect is to have the vertex normal perpendicular to the diagram pointing out of the page. The object is to
climinate the abutting face normals from use in the vertex normal calculation, and use only the necessary
exterior faces.
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To begin, consider partition B (Figure 37). The model ID is entered in columns 3-6 and the LOD in
column 7. Considering V, of object U specify which face normals of the objects in this partition (B) shall

be used to calculate U, ’s vertex normal. Two faces would suffice. Either of faces two and four of object U
with either of faces six and eight of object V. On the form indicate the vertex for which a normal is

‘- calculated by entering its relative number in columns 8-9, and the object to which it belongs in columns .
: 10-13. Enter the object data set number (columns 14-17) of the object containing those face normals which ;
e are to be averaged, and the face numbers associated with these normals in the remaining pairs of columns, :

This must be done for each vertex of each object within each partition. Completion of the forms for the
given example may be observed in Figures 37 and 38.

Fartition Planes Cards (Figure 39). As mentioned earlier the moving model is in actuality composed
of a number of models called partitions In order to establish online priority among the partitions it is
necessary to define separation planes or partition planes which isolate these partitions from one another,
and specifically to pick a set of planes (more than one plane may separate two partitions) which satisfies
the conditions of the offline listability algorithm. In order for the listability algorithm to be satisficd one of
the following two conditions must be met

1. Of the three combinations of pairs in any triplet of partitions, the same separation plane must be
used to separate these partitions in at least two of the pairs .

2. There exists only one mandatory separation plane for each and every pair.

Consider the example shown in Figure 40 showing three partitions (1, 2, 3) and four partition planes
(A, B, C, D) . Table 3 is then constructed. Obviously, this example does not satisfy either of the conditions
of listability, however, were either plane A or plane B not defined then condition two would be met.

Table 3. Non-Listable Partition Set
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Table 4 is constructed from the case shown in Figure 41, This example satisfics condition one of
listability.

B8 s o

Table 4. Listable Partition Set

,.
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Partition Pairs Planes Separating Partitions
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[ Y
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Once the table has been set up as shown one plane must be selected to separate each pair (i.e.. select
one plane for cach row) so that cither of the two conditions for hstability are met for the whole table. In
the second example either B, A, Bor B, C, B, may be chosen.

The third example, Figure 42, has six partitions (1-6) and 7 partition planes (A-G). [t 1s left as an
exercise, however, a solution appears in Appendix A. Assume the iHlustration to be a topdown view of a 3-D
feature. From Table 4, 1t is immediately observed that if a listable set of separation planes is to be found
then condition 1 of the listability algorithm must be met.

To demonstrate the completion of the partition planes cards, consider the example depicted i Figure
43. in this case threc partitions AAAA, BBBB, CCCC (having relative partiion numbers 01, 02, 03,
respectively, assigned according to the alpha-numenc sequence of the partition 10s) are separated by planes
: I and 1L Table 5 15 set up as follows and a plane is chosen to separate cach pair of partitions in such a way
3 as to satisfy the conditions for listability,
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Table 5. Partition Pairs and Planes

Partition Pairs Planes Separating Partitions*
01-02 ) i
0103

02-03 Q)

*We could also have chosen I1, 1, 1.

The partition planes cards may now be completed, three for each plane. For each plane enter the
coordinates of any three vertices defining the plane (one per card, which when taken in order determines
the true-false side of the plane according to the right-hand screw system) and the relative partitions on the
true and false side according to our table. The completed form for the two planes is shown in Figure 44 and
the entries can be referenced to Table 5 and Figure 43. The first two columns of each card are the card
identifiers.

Miscellancous Input Cards (Figure 45). End of File Card. This card has 2, 3,4, and 5 muiiipunched in
column 1.

Object Delete Card. This card is used to delete an object from the object library. It has a D in column
1 and the data set number of the object to be deleted in columns 3-6.

Model Delete Card. This card is used to delete a model from the model library. It has a D in column
1, the model ID in columns 3-6, and the LOD in column 7.

Expanded Model Library Card. This card is used to give an existing model in the model library
another name, so that it may be used at an additional location in the environment. Entries on this card
include the existing model ID and LOD, and the new model ID and LOD as shown in Figure 45.

Airport Data Card. This card is used to input elevation data for up to 15 airports in the environment,
so that the surface plane elevation may be adjusted online by interpolating between adjacent elevation data
points. A 0 or 1 is entered in column 1, depending on whether the coordinates entered are in feet or
nautical miles, followed by the X, Y, and Z coordinates of the 12 points to be entered for each airport
determined as shown in Figure 46.

Source Input Structure

Figures 47 through 50 present a complete detailed account of the card deck sequence as expected by
the offline computer software programs.

Data Libraries

Once the preceeding computer card input has been processed by the off-line validation system
software the information is then stored as librarics on magnetic tapes Sets of these tapes shall then
constitute the object, model, and environment libraries (Figure 51).

Up to 600 objects can be stored on each object library. Each library consists of two magnetic tapes.
The new tape consists of all object sets on the old tape, plus the object data sets added on the last update,
less the data sets deleted on the update.

Each model library can have a maximum of approximately 360 models. Each of these librarics also
has two tapes of similar construction to that of the object libraries.

The environment library is a series of tapes each being a merge of the previous tape and the new input
from the environment card deck Up to 350 models can be merged at a time to create a new tape in the
series. Once the final merge has been accomplished. a load environment tape is created so that the disc may
be restored i a more efficient manner
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Figure 47 Card deck input order.
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! APPENDIX A. A SOLUTION TO THE LISTABILITY/PARTITION PLANES EXERCISE
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*A discontinuous circle surrounding o number ot planes tor a partition pair

] [}
O UV ONHEOOTN HWOUT & W

indicates any one of them mav be (hosen.

¢

4

-

A Ll

: Preceding page blank
fU'S GOVERNMENT PRINTING OFFICE: 1975- 1 . 63

A

Lk Bas t




PR N A

Preceding page blank

W e nn . = i o
TABLE OF CONTENTS
Page
L Introduction . . . . . . .. ... e e e 7
IL Modeling . .............0...00 0., e e e e e 7
OVEIVIEW . o i i ot it e e e e e e e e e e e e e e e e e e e e 7
Defipitions . . . . . . ... .. e e e e 13
Constraints . . . . . . . . .. e e e e e e e e e e e e e A3
Construction of aSample Enviconment . - . . . . ... .. ... oo oL 19
Miscellansous Input . . . . . . . .. .. L. e e e 43
Source Inpist Structure . . . . . . . ... ... et e e s e e S35
Data'libraries . . . . . . . . . .t e i e e e 55
Appendix A. A Solution to the Listability/Partition Plancs Exercise e e e e e 65
LIST OF ILLUSTRATIONS
Figure Page
1 Projécted pérspective image . . . . . . . . .. i e e e e e e e 7
2 ‘Control tower at Williams AFB, Arizona . . . . . .. .. ... .. .. ..., 8
3 Sourcedata . ... ... e s e e e e e 9
4 SKetch . . oo e e e 10
S Face . ... . i e e e e e e e e e e e 11
T T 12
T Models . .. . e e e e e 14
8 Environmental . . .. L. L e e e e e e e e 15
9 Reference Systems . . . . . . .. e e e e e e e e e 16
10 Codingforms , . . . .. i i i it e e e e e e e e e e e e 17
L Levelofdetail . . . o . oo e i e e e e e e e 18
12 Sampleenvironmient . . . .. . L. e e e e e e e e e e e e e e e e 20
I3 Textured field . . . . . .. e e 21
14 Vertex coordinates of textured fieldobjects . . . . . .« . . o oo o e 22
15 Object-Vertex coding form for SQUR . . . .« v v v v it i e s e e e 24
16 FacecodingformforSQUR . . ... ... ...... e e e e e . 25
17 Object Vertex coding formfor CHEK . . . . . . .. .. .. . i i e .. 26
18 FacecodingformforCHEK . . . . ... . . i i it e 27

s e, —

-

e R | o w— - -
- fewer el XY otk 2

i




