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PREFACE

This report was completed under Project 1192. The re.earch equipment discussed
within the report was procored under Task 119202, Advanced Simulation in
Undergraduate Pilot Training.
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IiNVIRiONMiiNTAl, D)ATA BtASE. DIFLOi'MN'r mi'RXss FORTIll ASir i' Ul~sY~s-rLm

I. INTRODUC110)N

The Advanced Simulator for Undergraduate Piot Training (ASUI'T) Computer Image Generation
System (CIG) is one in whi the visual enivironment Is deoined mathematically In a thre-dimiensional
rel'erence system., stored as nunwrical data in computer memory, retrieved In real tlime (30 rrniiecond),
and projected according it) Its visibility froim the current unrestricted viewpoint, position and attitude as a
perspective Image on two-dimenlsional viewing planes (Figure 1).

Eye Point

Envi ronmenltal
Reference System

2.D Viewing P'lance

I'11itrel Projected perspective image.

'rliii report concerns iticil' with the ofliiic processes Involved in creating a mauthemautically modeled
enlvirt)rlcn ~Il data hase in a fo~rm ready fotr provesilng hy thec ofr'-llne sitware programs and valiidat ion
algorithms.

Overviw
'rhte art of' donlning and storing the visual enivironment as numerical data In computer memory Is

culled modeling. Onice tile key v1sutml cuc% of thle real world are identilied as a necessary p~art orfithe
environmental datu hase (such as thle control lower at Williams AFI). Arizona. as shown Ii Figure 2) the
modeler then proceeds to define these features in a tllrceediniensional o~rthogonail coordinate system.

items1 such as iniaps phlomgralih%. scale drawings, and blueaprints serve as sou rce data (Figure I3).
Sketches ( Figure 4) arc iade uappro''ialig vach begat tre withI a %ot of it ramight line segincinl tior edgiesi. A
closed convex set of coplanar edges descriltesa loce toi which a gray shiade Is assigned (Figiare 5),

*Sets of~ Caces are used to deflate objects., A two-dimensional object Is rorined with a %,,t fi
*nion-overlapping coplamar laces wi~crL'as th ree-diionfliilna object i% a set f faces t'orming a Closed.

c~iivex , polyhedron (Figuire 6i).

Preceding page blank
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FRM 2. Control towe~r at WMIlan AFB, Arizona.
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Sets of these Tbjects are combined respectively to form two-dimensional and three-dimensional
inodels (Figure 7).

Collections of these models define an environment (Figure 8).
Basic to the definition of any edge, face, object, or model is the dete,...naticn of the coordinates of

the vertices terminating each edge. 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 locate"l and oriented in the environment.

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.

MODEL (3.D) - A set of noninteresecting 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

I1) with LODI the most complex and LOD3 the least complex. In real time the system then selects for
each featwu to be displayed the appropriate LOD of its representative models consistent with the pilot's
viewpoint. Use of this technique results in the elimination from processing those edges. faces, and objects
too small to be perceived.

MODEL TYPES

TYPE I
.2-D - Those models whose critical dimension is < I nautical mile.

.3-D - Those models whose critical dimension is < 400 feet.

TYPE !1

.2-D Those models whose critical dimension is > I nautical mile but < 120 nautical miles.

.3-1) Those models whose critical dimension is > 400 feet but < 7.2 nautical miles.

Constraints
EDGE From any one viewpoint there can be a maximum of 2,000 potentially visible display edges

plus a display boundary and overload reserve ol 500 edges.

OBJECT

.2-1) l'ach object can have at nost 3? cdges and/or 16 convex faces lying In the same plane.

.3-I) Lach object must be a closed convex polyhedron and have at most 3" edges and/or 16 taes.

13
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I'Figre II. Level of detail.



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

.TYPE 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.

.TYPE 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

-40000 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 proc-ss an example has been chosen to include as many of the available options as
possible, but does not necess.,rily present the optimal method of modeling the proposed features.

SAssume 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 is 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.

19
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Figurc 14. Veitex coordinates of textured field objects.



Having made such a determination, thle coding form for tile object and vertex cards can then be
completed.

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

Thle three foot square shall be .csignated as SQUR in columns 3 through 6 on this form (Figure 15).
This unique alphia-mneric data set number will be cat ned through on all thc related objct vertex cards.
Next, ti~e second line (S in colun 1) is complected with the number of vertices in columns 7.8, and the
number of f.ices in columns 9-10 all fielus being right justified. The remaining colutmns are left blank not
being pertinent to this object, and will be explained later. The coordinates of the four vertices of the object
are entered in the first four vertex (V in column I) rows. Columns 7-8 indicate thle relative vertex number
followed by the X. Y, and Z coordina..2s in feet unless a I is entered in columns 35. 48. or 61 indicating thle
related coordinate is in nautical mniles (6.080 ft.).

Thle coding form for thle face cards of this object is completed next (Figure 16). Finter SQUIR in
columns 3-6 which is carried on all the face cards identified b> anl F in colunmn 1. Columns 9.9 identify the
objects relative face nuniber. 11.12 the gray -dhade (a number from 0-black to 63-white). 14-15 thle number
of vertices in thle face, and thle remaining columns in pairs designate thie relative vertex numbers composing
the face in clockwise viewing order.

Thle checkered pattern (CIEIK) which will he located over SQLJR is illustrative of wvhat is called a
disjoint surface object indicated by entering a I in column 14. A 2-!) object is disjoint if it is not convex.
and is hiandled in a special way by the ottline software. If a sinface is at light, a I would be enteted in
columin I1i. The remaini vertex and face cards are done similar to thait of the preceeding object (Figures
17 and 18).

"-To model thle building only one objozt is needed a onie-l'oot iube (Figure 19). which canl be scaled to
the appropriate sies to construct the building~ Since VILIBIE is a 3-1) object. till out the first line onl the
form ( o in column I I with thle ap~propriate infoimat ion. If a iis entered in column I I curved surface
shading will be applied to the object by the oniline system causing the object to appeair as having curved
surfaces. The I in column 12 indicates that the objects gray shade will he f'aded online towardl that ol thle
background as a function of range A I entered in columnn 1.3 causes thle face gray' slra~es to be miodified to
corresixid to tile trute s'iadintg wh,ch would occur with a gtiven stil inicctece al, .A comparison amiong
aii object designated as having cuirved surface shading. thle s,'nne object wvithI stnill ilumiiii it ion . and the same
1obj~ct with neither canl he seen from left to righit iii Figure 20

The remaiiing verte \ and face ca rds are filled in as be fore and shto wn in I-i s 71 and .22

The irec toa/hIm kitig I igh (Ut gu re 23) requires a 3-I) light object header caird (I in col uiln oie ) as
shown ii. Figure 24. 'llie completion of this I orni is sinitlar ito that done for C',!BI- except fo(r colains
1 6-57. Enmrterinig a I in column l16 t-iise thle light to be diinic d it. ad diti on to hi. faded .M~itch is done ait
half tile rate for at light as for anl ordinai) object. If a I i~di t is not L tin n1led it %%fi he laded oi liit disappIe aiS
front v'ew when its perspective image subtends less than one element onl thle display If' the light is dimmed.
at dimiming ratge (col umtis 17 I18) and an e\tmigoish ing range ( coluim 19s -20) inulst he d esigniated The
di mining range specified for at light will cause that I ili t it) appear ars a two element by two raster line Image
onl the display at d i at speci fled ra n,, regardless of v. Iiat its projec ted iniaige would be. It will reiainl at thIiat
suie and he dininied . in ad .li tion to bet ng faded.- from Ithat point 1 ii11il it is ext inlgo slied at tile specified
extinguishing range. The range a va i able 10or dim tn ing andi iigiil n are st ated in Table I For example,
en terig at 2 for thle diunmi ng ranlge causes tile lighit oh ic to go to at 2 \2 image on thie scm eti at thle ranige
at whIich Ii a ive-toot sq nat e of collhe pe rpe l!tid cia r to til le % poit appears ats a 2 \ 2" onl the d ispl a>
I n~te ring a 3 f or thle e xtimguishli g ranlge causes tile light obje1iI tO be c011)(JI oni lie tel>i tnt ed fo i % IC as J 2\
2 at t Iiat range whlichlt areal light I 0-l'o t onl a side becionle s, mdesce rn able.

Lntte rinig a I In co Ininnil 22 tidloit tii le light oh ici is b11i1,king anld requires tle speci ftcat ion o I anl
ON, 01.-F. and 11- LAY itycle. i e , intitiples of the lraime times (it1I/3O scond (N cles ON are designiate,, in
columns 27 3I1, OFT 40 44. aind Di1 I AY i.1 7 Ilse (it the 1)1 1 AY i.~ des enables thle mnodele r !o v':r\

or sequ lenice the blin king r.t te MI a num ber oi light blet Is occu rr ing wit hiti one mlodel.
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l 

, , i .1 1I I IJ 1 L. J

I I I I lo t I I I L.J I I I 0 1 1 LO I I II I I 01 1 I

" I I I I I , _ 1*1 . I I I I t10 I 14 - J

L2 1 _ _ _ _ _ 1 t I I L

L" I_ I l I I I I I I I lelli A I I

LI" ,1, I 1 1 i UI i JL j.I ..I 1 1 1 I 1 I 1 1 1 101 1 _ 1

I I I I I l i II I .0 I I I I I I I I e t I j

L2, 72 .. I , l II codigJ form. I 1 1 _J

L2191 L.. I- .0 I i I I I I I I I I i |ll l I I i I l l I I I I _

L "I I I I I l it , I I l i I I I I I I I le l I i I i t I I I I I I I 1 I I I .

I I l I l i ,l, I l i I I I I iP L.J I I l lL2A L_.-_J L.-i

A6,S 12$is IPigre ;5 Object.-Vertex coding form for SQUR.
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OBJECT St VERTEX CARDS
Data Set N 3 ~g' ~

RA___ evso ,, Obect Description D).ii Revsio= 4

FldfCiECIERED P,4TTL-rRN Initias
D V F Sh hi Sun

LOE- Obj L...... t. L J i..i di i..

N OFF DELAY

Su- #V F3 Sh. D t Dmn D.lPg. E.Rg Dr. Bk. (1-1023) (1-102:1) (0 =Random)

I face 33 14 35 14 17is1 9 320 23 22 27 40 53

31-I #V #F Fd. Dmn. D.Rg. F Rg. Dr. Bk. Cvcles ON OFF DELAY
_____. I .± I I Li I.I.I L_".. LiJ Li I4..L...L ... J4J LL1L-

2 Light 7 d 0 to 2 It 1 Is IV9t 20 2 2 Z 40 53

Bound Horizontal Field (1-90) (0-:160) Vertical Field (1-90) Fiey. (01-90)
LU 1 o Vsio Azmuh L.LL!L of Vision L4 ~ Angle I

Miles Miles Miles
3 iX 31 34 15 36 Y 44 47 42 49 Z 57 '1..

.1.0.J_00 I I J I . i . I .I S 0, I ., , LJ o3., U

LjA 2j . .I09 . . Lj I aI . 1o.*3 , t . 311 3, 1111 3 .

L_"3 /.# . LiJ I3 I. 1 1 101 1 1 *Ji, I . -

L .±j ' 4j /10, 1 .4J 1.. 1....,.........1..1 14 I...J L- Ito I J L_

~L.O._ .3 , .0. . I L...J 3 ~I I L._ 0, , 0 I I _

.12.A,7.0 Li ' J II 0, 334 LJ

j13 i.L 3 1 1LJ ' ' ' . __L . . '- _J 0 I 3 3 L

3153 I...3......1_3~ LJ 33L.3 , I J J3 J 1~01 3 3 3..

.1.63J . . . . . . I I 33 .J I I 1333 10 3 1. 0 1 1 1 1Lio

.. 0J..~ 1, 03 ....... A3 Of33 I3 *1. Z, o 0 I 3

-. L-- 9.J I I I~ I a I Li I I lt 3 ,

333 "3 I. 0 3 1 3 l13 3 ', IJ 1*3 333 33 '.

IZ±j 31,303 L.J 1 313013 1 L..L.L...L 3303 3331

L...4. l33 3 31 3 . . 3,i .1 3 0.*I Li.. to ~3 ~ 3 Ll.. L..i

,1161 13 3 13 1lo Ii J 10 13 3,, I0 3 I3 I3 1 11 1 1 10 1 3L

S t.ZL j LI 3 3 a 3 .01 LaJ j 1 03 1 1 I I I I 1 303 . . 3 _

LLJ 33 3 3 31 .. 3LJ ' 03 3L 33 03 1 I U

.0 121 1..L 1 ~ LaJ 1 , 303 1. LJ I 1 1 3 01 1 1 .4

L2.LZj 3- 0 I I I I3 I le, 3 J I I .j , 3 3 3 3 30

12.1± L I 13 3 -4111, -1 . Li I I lot- I J 33.4 .3 . .33 30 La

1111 ~ - I 3 I3 to. . . 4 33J I3 3 3 I 0 If, ,. . ,3 33J -t.L4.. L.4

ILL33 .0. '1. Is 3 3, I . LaJ 3m 3 3, I

L.J to,, , , 0. J 1.4 101 133 . 0 , ... 3J I3 L.a.....o...... La

A( 3 S~le I2~ tiur 17. ObetVrxcdngfr orCIK
I lot I I _J 26
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V5  (0,,0, I) V8  (0, 1, 1)

F 50E

V6  (1,011) V7 011

F2

V1  (0,0,0) V4  (0,1,0)

F 

Z+y

v2  (1..,0) v3  (1,1,o)

+X

Ikurv 19. One foot cube.
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OBJECT & VERTEX CARDS
Data Set No. of Edgils

OC Revision Obec Decito-tI

ig* ZUaE Initims

k I lI *10 IS 1Z 13

ON OFF DELAY
Sur- #V #I." Sh. Dj. Lt. Di. D.Pg. E.Rg Dr. Bk. (I-1023) (1-1023) (0= Random)
fa e L.L iJJ 0i I.I L..J - -i L J_ _.J i.J L...l I I I ,I I I I I I'l I I I

1 ' 0 i1 14 is 16 17 is 19 20 2I 22 27 40 51

3-D #D #F Fd Di. D.Rg. E.Rg. Dr. Bk. Cycles ON OFF DELAY
SL..JJ .I. I I i j I I I LJ, I I I I t , I I I I I

1 4 9 10 I 16 11 is 19 so it 2Z 27 40 .1

Bound Horizontal Field (1-90) (0-:160) Vertical Field (1-90) l¥,(o-!Io)

&II of Vision 11 11 ,1I0 Angi...l e -Li

P i of Vision IZ 1 I A zim uth Io o1 Vi io .

Miles Miles 11.
2 7 I 23 X 31 J, 35 36 Y . 47 48 4 Z 'y ,, .

, , , . . , , , I0 ,.. I , I . ,

LLiJ 01 1.. _j, ., * . .. . . . , , .
__ I , , , ,. . . . . ,

• ,6 , , , , /., L, ,* . . . , . .@. , , , . , ./ . , ,

4 , I I I l I I/101 II

I . I I I I I l i I II L. I I I . . I. 1 4 1 L.J ,i 101

L , I II 1 I I I I . II I I I iI 11 I i I1 L-1

I I.L 1I I I I s , I I I | I I I I I I I I I I O . . . L-J

LI. i , i i I , i S , I 1 1 I II I I I * lot , i -J

1116 I I a I C, I I ,lJ I III I I 1t l f I 9, I |.i II I0 i

I Z I I I I I * I I ,, I I I I I I I I l I | I I I 101 i i

L U i 0 I1 0. I .l9 I I I I Il I 1 , I 0, I I I I I , I . I I

1 I 1 I I .0t ., II I I l I I I l I I I I I I I i I I

I I I I . L ..IJ I 0 ,I I *.I I 1 II I

LJJ Il I, o I I I I I I I I I I I 1 1 1 1 I I t I I I 1 101 I I, LI

119 if.. , a I LiJ 9L I I. I 0 lo II _ .I A 1~ .0 1 L.J
.A. I t I I I l , I L-1 I i I , 0 1 J_, I I I I I I 1 I01 I I L

L I& I I I I i 'eI.I .3 J I I I LIJ i I I 101 1 I I I I I 1 1 1 J LJ

I I 11I .0I I ll II 1 1 I I I l i Il 10 , I I I I II 101 1 i I

l .. f I I0 1 1 0. ji LJ I II III 1 1 1 i I I 9,3 I IIi I lo0 LJ

I i , I I -J I I I he , L . I I I a1I 0l o I L.,

. 1 1l l l i i l i 0, I I I II l 11l i, I I I LJ I I I I 11 101 1 L j

. 1 1 1 I I I I I I 1 0 i, 1 1 I $.= I- I I 1 10 1 1 1 LJI i i I I I I I I I I if I I I J L._J

LZ j I I I I I to, I L.- IJ I I I I I I1 I I I J I * I I I I I I 0I I J L.

I lI , 1 I1 If. I I LllJ I I .# I , J L.J I I I I I h

1 .9 I I I 1 1 1 1 .* 1 1I 1 LJ a I I I I f I I lei I J

I I I I 1 .0, a I II I 1 01 1 L.J I I lei I LI _j

2 I I 1I , 09. I L.J it 1 , 1 I I I I I I I I 1.l LJ

A(,S 1288 IFigure 21. Object-Vertex coding form for CUBE.
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OBJECT & VERTEX CARDS
Data Set No. of Edges

BIH Revision Gb iect Description DIRECTI i01 1- ).e-74

3-D V F Sh l'd Sun
L OJ(bj LI- tI I LiJ L LiJ
2 2 1l ' 0 II 12 13

0)N OFF DELAY

Su V 0 F Sh. Dj Lt. Din. l).lFg. ERg Dr. Bk. (1-1023) (1-102:3) (0 Random)
w I' LiJ LiJ w Li..i Li LJ L-i L,L. LLLL.. IL.IL.I

a1ee , ' . 0 I II 14 15 16 17 t'0 23 2is 40 3

OV F Fd. Dm 1.[A .g Dr. Bk. CvlsN OFF'
"Lht . 0 2 1It 17Is s3o 21 22 27 40 S3

Bound lorizontal Field 1-90 (0-:l0) Vertical Field U190) E. 0)
Pl of Vision buu Azimuth 1 16.01 of Vision Deg * I

Miles Miles Miles
2 ~ A X 31 34 3s SI, Y Ad 47 44 4q Z v7 60

S I I i. , 0 .i g Ol e..... . . .... .J .. .. . ,, t i

I I 0
I i I ti , ,/40t I Li i I I I i i 1 /1.01 I 1 I J I i i i I o t I Li

, , ,,J . '0.,., 1 , ,,1. . . . .10 , ,J I..1.. . . . . .L,/,., , , , ,

..JIJ 1, , 4,,, ,I.0,. ,1 ,, ,a , . I 1 1 .01 ,. , ,.

$ ... t L....L...2...i.... l... ,../A! , L.......... L... i . I I i O .0 'e l....J .1 I * i I I ,el , I i

L.aZ I . l . ... 1 *ll . | L I p I 1 | I |I 1 10 I i1 .1144 II I I I I ICA 1 0, A/ I I 1 I I I I I I 1 p
1  

1 1 L.J

L_..7, 1 1 I I 1 . . I I I I I I iI 1 l I * i1 1 p. Si I

.1410 I 1 1 .1 ,1I I I | 1 I I I 101 I ! I I 1. .0 I I 1 I3 I ,10 I 4

1.2 * ..1 ..i I 4 I 3 I I I,. I..... 1. i,.ii .!.IL...,1L.,J. L I I | I | I | 1 1i I i I

LAI I 40 Ia I I I I I I 1 3,61 . . .OLs1 a I I I I I 101 , I I I I I l I I i I I I I I I 4 01 I , 3.2
II l 1 i I LJ n_ I i * 1 .01 I 1 a 41 a I 1 I I le I p 1

I16 I II I 1I . | I I I * I 1 I I I I t 1l. I 0.I I I I ! i I I I 0. l . I .

N_ _ _ _ _ , , 1.2 i I ~ 4 4 4 LiJ

3*JJ I II I 1 I I ,1 I I I Li

.2.1. III. I I .01 I I II II I I i 1 • I LiI 101 I 1 L.J

z1. .2131 | I iiI 4 I *, 1~ tot II 191 p Li I I I I le i I I

"L7 1 12 1lo 1

I i I I I II I I 4 0 i4 '''llsi i * I I I 40 .l I |i

LI L a I I 0 a i I I L_ I I -1 t 1 -I 1 10 1 1 1 I I I I I I I I I I 1l I I JI I_

LIJ 9J eII t I it t I !J I . 01 1 | I t 1 I I I lot I I , L.

& t I I I I I I I0..1 4 L I I I II 1 101 ., _ I I t I I 1 1 1 101 I L..J

III 11I 40 1 1 ,, I I I , i t I I. 0 tL.. J i I LJ

20, _ L__ _ _ 0,__ _

I Il 1114 1 I II 10 II II I I l l I I I I I I I I go I I

4 " 14 II 1 t, I4 LiJ I 1 i loJ4 Li II I I I 101 4 L..J

I I 1 1 .0, I - Ii . I 4 4 0,LJI i l ei ~ I i

I I 1lei I II Li a I I 1 1 01 11 I I I I I I 1101 1 41 I i

U l i , , , , 1 I L.J I i I I 1 101 1 LiJ * 4 4 I t , -. I I L..J

N ,J I4 4 44 0 1 I LiJ 1... le 4. . 44 LJL

AS 1288 Figure 24. Object-Vertex coding forni for BLNK.
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Table I. Dimming/Extinguishing Ranges for Ughts

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

I I foot object
2 5 foot object
3 10 foot object
4 25 foot object
5 50 foot object
6 100 foot object
7 250 foot object
8 15,000 foot object

A I 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 .9-32, the azimuth in columns
41 45 (with 00 along the +X axis, 900 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 self-evident from the drawing.

The remaining vertex and face cards are the same as those foi CUBE (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 locate-rotate (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 3-6 and the level-of detail of the
model in column 7 A I in column 8 indicates it is a runway light model.

The model type is entered in column 18, 0 if a 2.D model, I if a 3-D model, 2 if a partition of tie
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 movig 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 selecting the LOD of tile 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 is 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 I entered in colins 43, 55,
or 67, respe.ctively, if any of 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 entered in columns 3242. 44.54, and 56-66,
respectively. Figures 27, 28, 29, ard A0 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 models in the environment. Assume the environment is
construed as shown in Figure 31.

One environment card (, in column 1) is required for each LOD of each model (Figures 32 anld 33).

The model ID is entered in colunns 2- 5 with the LOi) in column 6. If a I is entered in column 7 the
X. Y, Z location coordinates which follow are in nautical miles rather than feet. The rotation of a model is
entireiy in the X -Y plane i.e., counter clockwise about the Z-.xis (colunis 46- 52).

A I entered in the designated colunn (Table 2) indicates tie following:
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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 nonnals 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, for curved surface shading is done on a
model basis. Theret'ore, 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 effect 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 arid 14 objects to its right form the
second model, and apply curved surface shading, thein the effect obtained is that shown in case B when the
desired effective is that of case D. If the center 0bject 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 desireable 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 normals 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 needed for all vertices common to these two partitions, however, this discussion
covers only the vertex that all four objects share; i.e., objects U and V of partition B, and objects W and X
of partition C. The exterior faces of each 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, V3 of object V, V5 of object W, and V7 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
eliminate the abutting face normals from use in the vertex normal calculation, and use only the necessary
exterior faces.
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Figure 35. Abutting models with curved surface shading.
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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 V1 6f 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
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.

Partition Planes Grids (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 satisfied 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 tie 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

Partition Pairs Planes Separating Partitions

.1!-2 C
1.3 A B

2-3 D

Table 4 is constructed from tile case shown in Figure 41. This example satisfies condition one of
listability.

Table 4. Listable Partition Set

Partition Pairs Planes Separating Partitions

1.3 A C[2-3 13

Once the table has been set tip as shown one plane must be selected to separate each pair (i.e., select
one plane for each row) so that either of the two conditions for listability are met for tile whole table. In
the second example either B, A, B or B. C, B, may be chosen.

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

To demonstrate lth, cimpletion of the partition planes cards, consider the example depicted in Figure
43. In this case three partitions AAAA, BBBB C('CCC (having relative partition numbers 01. 02, 03.
respectively, assigned according to the alpha-numeric sequence of the partition IDs) are separated by planes
I and II. Table 5 is set tip as tollows and a plane is chosen to separate each pair of partitions in stch a way
as to satisfy the conditions for listability.
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Table 5. Partition Pairs and Planes

Partition Pairs Planes Separating Partitions*

01-02 (1) II
01-03
02-03 (D
*We could also have chosen II, i1, I.

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.

Miscellaneous Input Cards (Figure 45). End of File Card. This card has 2, 3,4, and 5 iui 1iunched in
column I.

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 die environment,
so that the surface plane elevation may be adjusted online by interpolating between adjacent elevation data
points. A 0 or I is entered in column I, 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 libraries 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 libraries 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 in a more efficient manner
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I PhR___TIONS

EOFF

, os1

MHt MOELHEDE

NN~

nHVE HEADERAO

WE L 0

iN

IN NORMALS
RELATI VE (D&tttO 01

MODEL SET

'P017 -trIPLY
ML LtI-1T

I-p MOVEL HE4DER

Model sets must be ordered in alpha-numeric sequence according
to the 4- character model identification number, and likewise the
model delete cards.

F'igure 49 Model card deck.
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APPENDIX A. A SOLLJITON TO THE LISTABILITY/PARTITION PLANES EXERCISE

tI

iA@ (

PARTITION
PAIRS PLANES SEPARATING PAIRS

1-2 An ____ _

1~ 4 El
1-3

, 2 -B )-2-4 __ _ C_

2-5 A _ _ D F2-6 A _ _

234 B J___ _ _

S3- 4 -B2- E- - -
3-5
3 -6 

F_ B
4-5 . ...

*A di cont inuous cirt It, sutrroundi ng a tluiubtl" ot pl aes tor a plrtition pair
Ind i cates n oI oI., thelmI k1" M I 0  hose n

Preceding page blank
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