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I .  Research Suninary

Our research goal has been to investigate the integration of the Calspan

(2) ,  &Minan (3), and Linkman or Bubble—man (4) programs to provide a visual

(graphic) facility for examining and evaluating these node is. This research

included transforming the Caispan body position data to the Linkman format ,

ccsnbining the body nodel with a given cockpit nodel , displaying both riodel and

cockpit together in a readily visualizable manner , and detecting collisions

between the body and the cockoit . Each of these areas is surrm3rized below;

further details are provided in the Appendices.

The Calspan-to-Bubble-man conversion program interfaces these two syst~ns

by converting data fran one of the Calspan output files into a suitable input

file for the Bubble-man program. By using files, no direct interaction or

nodification of either program is required. The significant portion of this

effort is based on locating the appropriate data in the Caispan file and con-

verting coordinate data fr’cin one nodel into the (different ) node 1 in Bubble-man.

We used the body se~~ nt angular displacements to compute the joint angles

required in Bubble-man. (Details are given in Appendix 1.) Figure 1 shows

four positions of the body nodel which were produced by the Caispan sirTulator

and displayed with the Bubble-man program.

Although the Caispan program is capable of writing out its variable in-

formation at as small a tuna step as desired (but of course not below the

integration step size), it still may be desirable to interpolate between the

Caispan results. Interpolation might be needed for producing an aniirated film

sequence, for instance. For such uses, an APL program was developed. This

program reads a Bubble-man angle file, such as that produced by the Caispan-

LinJanan interf ace program, and creates a new file of angles at a shorter tixr~

interval . ~k*i nvch shorter is determined by an input parameter . The inter-
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polation is a straight- forward linear interpolation . The AJ’L listing is given

in Appendix 2.

To produce understandable pictures of the human body node 1 and cockpit

data frcin the Bowman program, techniques were developed for combining Bubble-man

with planar polygon cockpit surfaces (Figure 2). Since Bubble-man consists of

overlapping spheres, no existing techniques could be used directly. Instead,

the cockpit polygons and the Bubble-man spheres are entered into two arrays

of points: one representing the actual intensity of that point on a raster

display; and the other representing the depth (distance fixzn the observer) of

the closest scene component at that point . As each Bubble-man sphere or planar

polygon is processed, it is checked against the current depth values at each

point it affects. If its depth is greater , then nothing is changed . Otherwise

the depth value is changed to the closer point and the intensity ar’ray is up-

dated as well. The result is a shaded, solid rendering of body and cockpit

(Figure 3).

Given the body position and cockpit rrodel , collisions (intersections) be-

tween them may be discovered by simply ca~~uting the intersection between each

sphere and polygon. In practice (since there are many spheres and polygons)

the n~znber of comparisons is reduced by checking each body se~nant against each

polygon, then checking each sphere in the segnent if an intersection were

possible by the first test. Further details and an example of the collision

detection process are given in Appendix 3.

Further information on the Bubble-man nodel and its properties may be

found in Reference (1). We believe that the proposed integration of the

nodelling and simulation systems can be readily achieved as denonstrated by

our results, and that such an integration is desirable in order to better

utilize and visualize human biodynamic information.
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II. Technical Reports

Reference (1) above shall serve as a manuscript description of the overall

thrust of this project. Other relevant details are provided as Appendices to

this final report .

III . Publications

Reference (1) has been sut~nitt ed for publication .~~~ The cognizant Program

Director for the Office of Naval Researoh will be notified and supplied with

reprints upon acceptance.

IV . Conclusions

We have demonstrated that a solid model of the human body (Bubble-man)

may be positioned by joint and segnent data obtained from an existing movement

simulator without modification of the latter. We have further demonstrated

that the body, once positioned , may be placed in a planar polygon environment

such as used for cockpit design and evaluation. Besides efficiently creating

a graphics display of the composite (body plus cockpit), collisions between

the body and itself or the cockpit may be easily computed, yielding concise

(textual ) descriptions of contact or intersecti--n points. This information is

essential to the evaluation of the cockpit design on the human occupant.

By integrating these three systems we open the possibility for video

recording and preservation of real or sinailation data: movements of the body

may be examined as they occur in the cockpit or vehicle. Computer graphics

permits the placement of the “observer” at any position, thus multiple views

of the sair~ noveinant sequence are easily produced. The full three-dimensionality

and solidity of the model also provide a degree of realism unequalled in other

* IEEE Proceedings.

— - - - 
~~~~~~~~~~

.- - - - - —5— — ------~.—-———
- - - -- -~~~~ -~~~~~~~~~~ ----- -~~~-~~~~~~~~-~~~~~~~~~~~~~~ - - _ _ _ _ _



— 9—

nodels. Such an imations could be used to prov ide long-term archives of move-

ment data, independent of computers or programs. 8y suitable video mixing ,

real arid simulated data could be overlaid for validation of the simulator itself.

V. Major Accar~plishments

We may itemize our conclusions as follcMs:

1. Bubble-man may be positioned by data obtained fran existing movement

simulators.

2. The Bubble—man model effectively portrays a body position on a raster

graphics display : hidden part s are removed ; the depth relationships

are apparent ; and joint deformations are eliminated.

3. Acceptable graphic images of Bubble-man may be produced on vector

drawing as well as raster displays.

4. Joint positions obtained from a simulator may be interpolated to

achieve additional (intennediate ) positions for an animated display .

5. A movement simulator may be used to generate body posit ions , and that

body nay then be placed in a pianar polygon environment (such as an

airplane cockpit). Both may be displayed with hidden parts removed

and visible parts shaded.

6. Collision detection between Bubble-man and a planar polygon environment

is simple and efficient , yielding concise (textual) descriptions of

contact or intersection points.

7. Demonstration of the feasibility of transferring simulation data to

video tapes of the body model in a given environment, useful for

evaluation and archival storage of experimental data.

_______ - - _____ 
—
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Appendix 1

Introduction

This appendix is concerned with the details of interfacin g three different

computer programs: The Caispan Crash Victim Simulator , The Bowman Cockpit

Geometry Program, and Lirilcnan or Bubble-man. Each program is useful in its

own right , but used together they can become powerful tools for the analysis

and validation of biodynamic models.

Caispan to LiriJ<man Conversion

The main purpose of the Calspan to Linkira n Conversion prog ram is to act

as an interface between t~~ existing programs: The Calspan Crash Victim

Simulation and The Lir iknan or Bubble-man prog ram. The interface program (called

CALBIJ B) accomplishes this by reading data fran one of the Caispan output

files and preparing an input file for the Linlcnan prog ram . It s.xrks entirely

from files: There is no direct interaction with either the Calspan or Linkne n

prog rams .

It nay seem at first sight that the interfac ing task is trivial , since

the LinkiTan needs joint ang~.es as input , and the Caispan program outputs

joint angles (if requested ). However, the joint angles output by the Caispan

prog ram are intended to explicate the joint torques , not describe the position

of the body . Therefore , they are given as flexural and twist angles fran the

“princi ple axes” defined for the joints. It is not possible to convert these

flexural and twist angles into the yaw, pitch , and roll angles needed by the

Linkina n program. This is because the flexural and twist angles only rep resent

- - - 
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two degrees of freed om, the yaw , pitch , and roll system expresses the full

three degrees of freedom .

In contrast to these difficulties , the segrent angular displacements

represent a reliable source of data for the joint angles. Nonnally the segment

angular displace ments for all segments are written out by the Caispan prog ram ,

and the convers ion into joint angles is conceptually clean , but by no means

trivial . The prog ram CALBUB uses these segment angular displac ements.

The program will be described in three parts : the reading of the Calspan

output file , the angle convers ion , and the writing of the Linkman input file .

Reading of Calspan File

The Ca)span Sirr uilator creates a number of output files. One of them , TAPE14, is

desi~~ed for time-curve plotting , and contains the angular displacements of

the segments (if requested ). In order to read this file and extract only the

segment angular disp lacement s , it is necessary to understand the precise file

str ~.icture ~nd positions of the data .

TAPEI.~ consists of a number of records , each record of which consists of

all the variables at a particular time. Thus the overall structure of the file

is as in Figure 1.

all variables at t 0 all variables at t 1 all var iables at tn

Figure 1

- - 
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Within each time record , the variables are divided into ten groups , named as

follows :

LA linear acceleration
LV linear velocity
U) linear displacement
PA angular acceleration
AV angular velocity
Al) angular displacement
JP joint parameters
PS plane-segment contact faces
ES belt-segment contact faces
SS segment-segment

We will call each of these groups a code, and will refer to them by the above

two letter designations. For each code, there may be a number of different

data sets. These data sets can usually be identified with segments , but not

alWays . For exanç le, for the code LA, there may be three data sets : neck

c . g. ,  head c. g., and head at neck pivot . In this example, there are two data

sets for the same head segment . The last level of structure is represented by

components. Each data set has a number of components , for example , x ,y, z , and

resultant . The number of components is deters m ed by the code , not the data

set. Thus all LA data sets always have 4 components each, all JP data sets

have 6 components , etc.

To suninarize , the structure of the Calspan output file can be characterized

by 4 differe nt levels :

1. records
2. codes
3. data sets
‘4. components

In order for the interf ace prog ram CALEUB to read the Caispan file , it

must be told the particular file structure to expect . For this purpose , the

CALBUB program reads file definition information from TAPES. This file

(TAPE5) is the only input to CALBUB other than TAPE4 , the Caispan output file.

______________ - -  — 5—.-- - - - —.5-—- -— - - —  
‘
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We have now set enough background to discus s the precise form of TAPES , the

input definition file .

CARD1. either DEBUG or NO DEBUG ( format Ala)

This controls the printing of debugging in foniation in TAPE2.

CARD2 . The number of data sets per code ( free format )

CARD3. 1 The names of the data sets (i .e .  segments ) for angular
3. NANGDS displac~ ient data (format Ala)

CARD’4 . number of joints

CARD5. 1 The names of each joint and its two associated segments
( format 3A10)

Card 2 specifies the file structure by listing the number of data sets

per code . Cards 3 give the names of the data sets for the angtil ir r1~ ~placenent

data which we are interested in, and Cards 5 associate these segment or data

set names with the joint names . A sample 14 segment input deck is shown below.

i~4C) LiE i.~ U C-
11, 1, :I . 2 ,2 ,2 , l ~.-~,4 ~ O , O , O
L r
CT

P U i
N

I~1lL ..
I!: I

I..
I l L
LF
R h A
RLA
LUA
[ L A
14
F 1 r
W 1~T liT *
NP UT N
HP N H *
RH LT l- UL *
RK I~lil.. F. 1. .L. *
RA RL. . L l . F *
L. H L. 1 L.IJL. *1_ K I. U L I. I I .~ *
LA I i i .  I *

UT RUA *
i~ E: 1:1 I I — -

1. ~
- I I I  I - I Ii

______________________________ 
____________ 

I. ( Ii~ I. I —_________ 
- —i 
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After the input file TAPE5 is read in by subroutine RDEF , a routine PREPRT

is called to prepare for the reading of the Calspan tape . This routine uses

the definition information to compute a mapping vector POINTER which specifies

exactly which positions within each t ine record of the Calspan file should be

stored for future use . Then subroutine ~~APE is called , and this reads in

each record and stores away the appropriate information according to the

mapping vector . When RTAFE is f inished , all the Caispan angles are stored

within the array CALANG as follows :

~ 0 ~] ‘)i r 1 Y2 p2 r 2 .... ~n ~n rn t i y1 p1 r~
The angles are stored in the order they appear on the original Calspan tape ,

i.e., the order represented by cards 3 of the input definition fi le.

This represents the completion of the f irst phase of the CALBUB interface

prog ram : the Calspan tape has been read and the segment angular displace ment

data stored in the arr ay CALANG .

Angle Conversion

Before we can discuss the convers ion between the Caispan and Linkrnari angles,

it is necessary to make clear the definition of the angles . Both the Calspan

and Linionan coordinate systems are all right handed , with the three angles

defined as:

yaw: + x t O y

pitch: + z t o x

roll: + y t o z

However, all the Calspan coordinate systems have their z-axis pointing downwards,

(with gravity) whereas all the Linicran coordinate systems have the ir z-axis

pointing upwards (against gravity) . The Calspan convention is resp onsible for

an illusion that the coordinate systems in the upper and lower body parts are

~

_ -.—.. _ _ _ _ _ _-- -
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different . They are not . It is jus t that the segments sciietimes “hang” under

the coordinate system, and sometimes sit on top of the coordinate system.

In order to ckange the angles re lative to the Caispan inverted coordinate

system into angles relative to an upright coordinate system , the following
- - / - 

,

transfor 1iqt ~ is performed :

1. change sign of yaw

2. change sign of pitch

3. leave r~ 11 unchanged

Once this tra nsforma tion is performed , we no longer need wor’rj about differences

between coordinate system definitions.

All the Calspan segment angular displacement s are expre ssed as rotat ions

from the vehicle to the segment . The angles needed for the Linknan program

are the joint angles : rotation fran one segment to the adjacent segment con-

nect ed by the joint. The first segment is more proximal to the body center ,

the second segment more distal. The two segments which together define a joint

angle are specified by the card group 5 in the input definition file.

The method of computing the LinJ<rran joint angles given the two associated

Calspan segment angles (expressed in uprig ht coordinate systems ) is as follows.

Frczn the segment 1 angles , a rotation matrix is computed which transforms fran

segment 1 to the vehicle . Likewise a matr ix is found which transforms fran

the vehicle to segment 2. The composition of these ti~~ rotations gives a

transfor mation fran segment 1 to segment 2 (See Figure 2 ) .

_ _ _ _ _  - ____ ___________

- -5-- - -t 
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M 1
T 

~~~~~~~~~~~~~~~~~~~~~ 2

M 1 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

M 2

Figure 2

The rotation matrices are direction cosine mat rices , and are computed as:

cos p cos y cos p sin y -sin p

-sin y cos r cos y cos r cos p sin r
r sin p cos y +~in r sin p sin y

+sin y sin r -sin r cos y cos p cos r
+cos r sin p cos y +~c~ r sin p sin y

The combined transformation M 2
.M

1
T has this form . Once we have completed

this matrix , our next task is to find three angles which could give rise to

the matrix. These angles are the Linlana n joint angles we are seeking . By

inspection of the matrix elements we can der ive the following formulas :

yaw arctar~ (M (1 , 2) / tl (l , l) )

pitch arcsin (M (l ,3))

roll aretan (M(2,3) / M(3 ,3))

- —p—-——- - - —. — - — - — ~~~ - - -  - - -: 
- - — 
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By the nature of the iliver se trigonometric functions , these formulas leave

some ambiguity . In particular , we could also have :

yaw + 180

supplement (pitch )

roll + 180

This gives us eight possible solutions.

Although there may be a method of choosing among these 8 possibilities

analytically, we have found it easier to simply substitute each angle set back

into the definition of the direction cosine matrix and see if indeed the angles

yield the orig inal matrix . The result of this substitution is that two angle

sets are always found which will give the ori gina l matrix. These two angle

sets both represent the exact same angular orientation . The set which is closer

to that used as the solution for the previous time step is chosen as the

solution for the current tine step .

At the completion of the angle conversion phase of the program, all the

joint angles have been computed by the above process and stored into an array

BUBANG , whose structure is exactly similar to the struc ture of CALANfl .

Writing of Angle File

The last phase of the CALBUB program is to write the joint angles on a

file in a form ready to be read in by the Linksran prog ram . This is rather

straightforward, but there are two further changes made to the data .

First , the Caispan and Linknan programs differ in their definition of

ankle - angles. In the Linkman program, all zeros for the ankle angles gives

the normal relaxed stand ing position ; in the Caispan program, all zeros means

the feet are pointing straight downwards. Thus 90 degrees are added to the

pitch of the Caispan ankle angles to be consistent with the Linianan conventions.

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~ 

--



~~~~- ‘ ~ r~’: , ~~~~~ ly ~~~~ ‘-  ‘ ‘ -  ~~t the Calspan ou~~ut does not give

~;l~f f ~~~~/ . ’ ~~~~~~~~~~ 1C~ , ~‘,r -:‘ -~~- - :~ r~ eve~~ LinJ ~~~n joint angle. ~~~ s~~~1a—

t i(,f4 ~.:7 ~~~~~ h-tv ’- ~~
‘
~~~-‘~ 

-i - . r~ :r y  ‘;egnents as there are in the Link inan model , or

not a1~ ‘ - . -  :- .~y rave been directed to the Calspan ou~~ut file .

A 1i~ ’ ~~ I ~~~~
- - j ci :.~ r i ~”- ’; used in Linkm.an is therefore compared against

the j’~:~~ ~~~~~~~ ~y ‘~ e Calspan data (specified by card groupS or : the input

defin i * i , ~:. ~~1’-) , -~r’: fcr any joint s which ar e not defined , default values are

subst i~-~~e’:. Th’- -~ default v-~i1ues are set in a data stateme nt within subroutine

WFILF.

W~~~. - -~c~ two change s made , the joint angles are written out on a f ile

(TA F Ir )  wLich cars serve as the input file (TAPE ’-~) for the Linkrrari program.

Using thc Interf ace Pr ogram

There are three steps in any use of the CALBUB program:

1.  Run the Calspan Simulator and save TAPE~4.

2 . Run CALBU B using j ob control cards equivalent to the following :

GET (TAPE L~ [file name of Calspan output file])

GET (TAPES [file name of inpu t definition file])

GET (~J3(J + CALBUBB)
FILE (TAPE’4 , RT= S. . .)
WSET(PRESET~ ZERO, MAP:S, FILES~TAPE’4 )

wO.

REPLACE (TAPE6 = [file name for Lirilanan angles])

— — .a .—---e- - waa - -.sa ~~~~~~~~~ ta- -1- — — F — -- -— — - -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ‘-

-- 
-~~~~~~~~

-— -



— 20—

3. Run the Linknan program using job control cards equivalent to:

GET (TAPE 3 [file name of iran data ])

GET (TAPE’4 = [file name of angles ])

GET (PL1OLIB/ FJI4=3YSTf}~)

GET (lJfll ’ANH )

LDSET (PRESET=ZERO, MAP=S , LIBzPL 1OLIB)

__________ 
______________________ _________________________ 

4
___ - 

~~~~~~~~~~
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Appendix 2

APL angle interpolation progrem.

QALL [fl]9

~~F E s ~-- :l. i ALL 12
[1]
(2 ]  ~E~34- 0 F O F .  M [ 1 J ; ; ]
[3]
[4 ]  LooF-~~-~ ( ‘ 2 — i )  ( ( :r~- r 4- ~ )
£5]  M (x ;;]x~-1TEFi:F M [i+ j ; ;j

[6] ~4-~ +1
[7] F:ES4- F:ES-,~O FOF ML: ]: ; ; j
18] 14- 1—- i
[9] -~L OO F

V A S U 
~
‘ [U ] V

— ~‘~~ -A 1 ~~~~~~~
L i ]
12] Z4- F-4OFM

V

VEXEC [LJ]V

c ’Z4- EX EC CM
[1]
[2]
[3]

—. (4] V€ C M [ 1 ]
[5] V [ ( V r ’ _ ’ ) / l3O] 4- ’~~~
[6]  V4- ( (V ~~ ’ . )A (1$V : ’ ‘))/V

(7]
(8]

V

u~~1 1~ I T E l . F 142; ~Ip~ LTA ;M ;  J
[1]
[2] A T H I S  IS  THE: c (Js-z -r~~c ) LLx i - ~c7 FUi-ICT IOI-I F01 :
[3] A THE I1-lTE~~PO L AT I O H

[4 1  A
[ 5J DEL.TA +M 2 ASUE ’

[6] E ,ELTa~.L ’EL rA— r-a

[7] 144-Mi
(8] ~4-O
[9] LOO F- : . . ( ( , - . _ 1H (J 4 -J ÷ l ) ) , o
[10] M4-14 4 L’ELTA
[ .11] FES 4~FiLS tJ FOF- 14

£ 1 2 ]  9LOOF

V
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V~ :ES 4-I1 ALL 1 j

[1] A

[2] A T HIS  I~-~ ~HE M A i N F U N C TIO N  FOE ; THE

[3] A Ii - I IE FF O LA T ION  F~~ U G F A M

(4]  A

— [5]
[6] F-E54- O F OF -

[7]
[8] LOOF - - , ( ( 1 2 - - - 1 ) < ( 1 4 - I+ j ) ) / O
[9] M [ ] ; ; ] I t - f r E F F  M[I+~~;;]
[1 0] ‘4 -’f i
[11) FES4-F ..ES~,O F OF M [1 ;;j

[12] ‘4- 1-- i
[13] 9 L O U F

VZ4-A 1 4SL~~ A 2
C l ]  A

[2] A T H I S  F UN C T I O N  SU~~TF:A CTS TWO ANGLES

[3] A

— [4]
[5) 2~- N O frM

V

V !4- E X E C  CM
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Append ix 3

Sphere - polygon collision algorithm.

1. Find plane containing polygon .

2. Find distance between sphere surface and polygon plane. If this

distance is greater than zero , sphere and plane do not intersect ;

otherwi se sphere intersects plane in a (possibly degenerate) circle .

3. Coordinatize plane of pol~.gon , then check if  circP- intersects or con-

ta ins enclosing box of polygon. I f riot , spher- - arid polygon do not

intersect.

~.a If center of circle is inside polygon , th~- ’r i sphere and polygon intersect .

b. If center is outside polygon and any edge of polygon intersects

circle , then sphere intersects polygon.

In case the circle in 14a is a single point the intersection rray be called

a “ touch” ( tangency). Otherwise the voliunes overlap. Also , in case 141j , one

nay wish to distinguish the case in which the circle is tangent to the polygon,

but not otherwise intersect ing it.

An example of this algoritl-un on the body and cockpit shown in Figure 2

of the report yields the following collision description . (The polygon names

are supplied fran the cockpit data file , the body se~ nent name s fr’czn the

Bubble-nan program. )

0.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~
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C O L L I S I O N  L 0dE~~ T O N S O  ~H C O N S O L E
C o L L I S I O N  L O W E - k T’)~~cu k I G H T  H A N D  C O N S O L E  W A L L  SIDE
C U L I T S I O N  LO w F ~ T O R S O  t~IGH 1 H A N D  C O N S O L E  iALL R E A R
C~~L L I S I j N  L”~~F t ~ I - ’),~5 -~ S E A T  B A C K
C o L L I S I O N  L O w E e ~ T O R S O  SE A T  P A N  AF T
C O L L I S I o N  L F N T ,~. A L IO RS O S~ AT R A C K
C O L L I S I o N  U PP~~ TO i~~~) ~- E A T  B A C K
C o L L I S I o N  UP PE l~ I O~~SO S E A T  B A C K
C O L L I S I O N  R I G H T  SHOt’ LD1 ~ M A S S  S E A T  B A C K
C O L L I S I O N  kI (,H 1 uer ’~~ A PM  S E A T  B A C K
C o L L I S I O N  L E F T t’~~Pt r L t ( -  N H  C O N S O L E
C O L L I S I oN L E F T  IJPP L P LE~ N I L H T  H A N D  C O N S O L E  W A L L  S I D E
C O L L I S I ’ N L E F T  UF’ PL~ LI I’ SE AT R I G H T  S I D E  A F T
C o L L I S I O N L E F T  Uf r ’ Fc~P L E G  S~~MT R I G H T  S I D E .  C E N T I R  A F T
C O L L I S I O N  L E F T  U~~P t P  Lt ( SW A T  R I I H T  5 1D 1 C E N T E R  F~~D
C U L L I S I 1 .,~4 L E F T  “ I- P L ~~ LEG E A T  ~ A C ~
C U L L  TS I i ~N L~~I I  IJP!’~~P L E G  S E A T  B A C K
C O L L I S I O N  L E - F I  UF’ PE~ LEE- S E A T  PAN M I D
C O L L I S I O N  L E F T  ttf r ~~P LE E - S!A T P A N  A F T
C O L L I S I O N  ~ IG H ( U PF’~~’~ L E G  N W  C O N S O L E
C O L L I S I O N  kI(,H 1 U P~~r~. L E G  R I o H T  HA PI D C O N S O L E  W A L L  S I D E
C o L L I S I O N  l I G H I U1 ’PF~ L E G  LH C O N S O L E
C o L L I S I o N  N I G H T  U P P E I: L E G L F F T  HA NL ) C O N 5 O L ~ ~A L L SIDE
C O L L I S I O N  N I G H T  Lj P P ~~j i L F~ SE - A T  L E F T  SIDE A F T
C O L L I S I ON N I G H T  ~~ F ’~ L E G  S E - A T  L E F T  S I D E  C E N T E R  A F T
C o L L I S I O N  ~I G H I  t J P P F i~ LE G S E A T  L E F 1  SI D E  C E N I E R  F W D
C O L L I S I O N  R I G H T  UPf ’ F i~ LE t , S E -A T  R I G H T  SIDE A F T
C O L L I S i O N  N I G H T  L J P P E 1  LE C S E A T  R I r - M T  S IDE C E N T E R  A F T
C O L L I S I o N  N I G H T  U P P E R  L E G  S E A T  ~ A C o~
C o L L I S I o N  N I G H T  U P P E R  L E G  S E A T  B A C K
C O L L I S I O N  N I G H T  UPF’ F~ LEG S F A T  P A N  i~I D
C O L L I S I ON N I G H T  0~~~~t 1  L E o  S E A T  P A N  A F T
C O L L I S I O N  L E F T  i u w L R  LEC ~ SE AT PA PI F W D W I C H T
C O L L I S I ON L E F T  F(j f~~ CO N T R O L  s TICK G~~1P R I G H T  L O W E R
C O L L I S I O N  L E F T  roo T U P P E R  Y O K E  RH SIDE
C O L L I S I O N L E F T  F O O T  U P P E R  Y O K E  RH S I D E
C o L L I S I O N  L E F T  FO OT C O N T R O L  STICK G R I P  L E F T  L O W E R
C O L L I S I ON L E F T  F u O T  U~’PUk Y O K E  IN s IDE
C O L L I S I ON L E F T  F O O T  U P P E R  Y O K E  A F T
C O L L I S I ON L E F T  E-~~ O I  U P~~E k Y O i E  A F T
C O L L I S I O N  L E F T  FoO l U P P E R  YO KE F~~D
C O L L I S I O N  L E F T  FoO l C O N T R O L  STICK G R I P  L O W E R  Fb D
C O L L I S I O N  R I G H T  F O O T  CC~~Tk OL STICK GR I P  RI GH T L O W E R
C O L L I S I O N  R I G H T  F O O T  C O N T R O L  ST ICK G R I P  R IGHT SIDE
C o L L I S I ON  N I G H T  F O O T  C O N T R O L  STICK G R I P TOP R IGHT

• C o L L I S I O N  N I G H T  F O O T  C ’i N T R O L  STICK GR I P  KN O B R I G H T
C O L L I S I O N  R I G H T  F O O T  u ”PER Y O K E  RH SIDE
C O L L I S I O N  N I G H T  FO~~T UPP ER Y O K E -  A F T
C o L L I S I O N  N I G H T  F O O T  C O N T R O L  ST ICK GR IP L O W E R  F W D
C O L L I S I O N  R I G H T  F O O T  C ’ThTROL STICK GRIP F O R W A R D
C O L L I S I O N  N I G H T  F O O T  C O N T R O L  STICK GRIP TOP F O R W A R D
C O L L I S I O N  #1 6P 4T F O o T  C O N TR O L  STICK G R I P  KN OB F O R W A R I
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Appendix 4

Visits and Deliveries to the Naval Air Developiient Center, Warminster, PA

I)ate Purpose of visit

~ Jan 78 discussion

7~ Jan 78 discussion

2~3 Apr 78 discussion ; delivery of 24 color
slides

25 May 78 del ivery of 54 slides , 3 computer
listings , arid 2 card decks

7 JUn 78 progranrriing

9 Jun 78 pr~granrning

14 Jun 78 progranrning

• 6 Jul 78 delivery of final listings

_ _ _ _ _ _ _   ____________________
— -~~~~~~~~~~~~ -~--- --—~~---- ~~~~~~ - - ~~~ - - —~~~~~-~~~~~~~~ -— ‘
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