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1. INTRODUCTION

A

This report describes the results of research and analysis conducted
for the U.S. Army Armor and Engineer Board at Fort Knox, Kentucky. during
Jul{. August, 1975. The rasearch was concentrated in two major areas as
follows:

1. The Swedish S-Tank Agility/Survivability Test (STAGS) to be
~conducted at Fort Knox during the last three months of 1975.

2. Analysis of apparent acceleration and velocity of a moving
" target relative to a stationary firer.

The total analytical plan for the STAGS test is currently being finalized
by Fort Knox. Inputs for this plan were provided by the Training and Doctrine
Systems Analysis Activity (TRASANA) and the Armor and Engineer Board, and
the writer. The writer was responsible for the Analysis of Variance design
and procedures to be used to test statistical hypothesis of the mean values
of various factors. This technique is particuiarly applicable for analyzing
the depend variables of lay time, load time, time to fire first and subsequent
rounds, acquisition time, and number of rounds fired. The ANOVA will also be
used to analyze the horizontal and vertical miss distance dependent variables.
TRASANA has responsibility for analyzing the variances of the dependent
variables, a particularly important aspect in the study of miss distances.

The specific split-plot designs and ANOVA procedures to be used to analyze
the field test data are given in Chapter 2.

Specific programs developed to support the STAGS analysis are given in
Chapters 3, 4, and 5. In order to test the models developed, a data set was
prepared in the same form as the field data will be collected. The actual
numbers in the sample data set were made up by two Army officers. Therefore,
the sample outputs given in Chapters 3, 4, and § are not intended to provide
conclusions but to demonstrate the models' capabilities. The analysis of
the actual field data will be made by the writer in early 1976 and will be
reported in a subsequent Technical Report.

Each of the Chapters 3, 4, and 5 includes a description of the program,
a program 1isting, and a sample output for X and Y miss distances using
the sample data set.

The analysis of Variance will utilize the ANOVA package from the Statis-
tical Package for the Social Sciences (SPSS) as discussed in Chapter 3. The
Mean Value Differential Analysis (MVDA) program computes the Grand Mean,
submeans, and submean differentials for ug to a five factor experiment. This
program will be used as a supplement to the ANOVA to provide additional
insights into the magnitude of mean differences between the various factors
in the experiment. The MVDA program is described in Chapter 4.

The String Statistics Program (Chapter 5) was designed to provide
initial statistics for experimental data to indicate the basic nature of the
data. This program will be expanded in a future contract period to provide
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trend analysis and probability plots.

One of the most important questions facing the armor community today is
"What is the effect of mobility and agility on tank survivability on the
battlefield?" In order to provide a quantification of important facets of
this problem, a program was developed to compute the apparent acceleration
and velocity of a target moving at various speeds and accelerations and
employing a variety of movement tactics. The initial effort (Chapter 6)
describes results of targets moving with a flank aspect to the firer vehicle,
From this report near far range bands in which apparent acceleration and
velocity contribute to the tracking problem are identified. The current
status of the research is described in Chapter 7. The: program has been
expanded to allow target movement in any direction, including sinusoidal and
three-dimensional representations. The next phase of research in this area
involves the analysis of actual tracking data in conjunction with the target's
apparent acceleration and velocity. Data to be collected from the STAGS Test
to support this effort is described in Chapter 8.

Based on the efforts conducted to date as documented in this report,
additional research proposals are currently being considered by the U.S. Army
Armor and Engineer Board. It is anticipated that the results qresented
herein will serve as the basis for continuing research and ana
areas.

ysis of these




2. PROPOSED ANALYTICAL PLAN - ANALYSIS OF VARIANCE
STAGS SURVIVABILITY TEST

. The STAGS Test consists of several parts, including vehicle
characteristics test, speed and precision of lay, hitting performance,
simulated mission firing, human factors evaluation, reliability,
maintainability, safety, mobility course avaluation, survivability
experiments, and silhouette exposures in stationary positions.

The analysis presented herein will consider only the survivability
experiment portion of the STAGS Test. ‘

The survivability experiment will be conducted in two phases as
follows: -

PHASE 1I: Yano Range Phase

PART A: Constant Speed Test
PART B: Stop-Start Test
PART C: Evasive Tactics Test

PHASE II: St. Vith Phase

PART A: Intermittent intervisibility discontinuity
segments (Routes 1 & 3).

PART B: Three-Tactics Test to measure effects of a
moving, partially concealed silhouette on
gunner hitting perf rmance (Route 2).

PART C: Conceaiment Test to measure the effects of
selected intervisibility segment length size
on gunner hitting parformance (Route 4),

PART D: Effects of rapid advance tactics and maximum .
%err:;n use tactics on intetvisibility segment E
eng S, 'l

Analysis of Variance techniques will be utilized only "
for the Yano Range Phase of the subtest. Other o
appropriate techniques such as regression and correla- g
t}on analyses will be conducted by TRASANA for the St. .
’ Vith Phase. :

=
o
=
m




EXPERIMENTAL DESIGN MODEL SELECTION

The purpose of Analysis of Variance (ANOVA) 1s to test statistical
hypotheses of the mean values of various factors (independent variables)
as they affect observed values of a sgecified dependent variable., One
of the basic assumptions underlying the 1inear model {s that the variance

- due to experimerntal error within each of the treatment popuiations be

homogeneous. Moderate degartures from this assumption do not, however,
seriously affect the sampling distribution of the resulting F statistic
used to test for significant differences between the means of the various
treatment levels. |

|
Prior to conducting the ANOVA, appropriate tests (e.g., Hartley,
Cochran, or Bartlett test) for homogeneity of variance will be made.
If the hypothesis of homogeneity of variance is rejected, appropriate
modi fications to the F_distribution utilized for the test will be made
(see Winer, page 206).] |

Each part of the survivability experiment utilizes five different
crews for each of four firer vehicles. Other factors such as target
speed, course, tactics, etc., (different for each part) are specified
by the experimenter and thus are truly treatment factors.

Several possible designs were considered: full factorial, nested
factorial, block destign, and split-plot design. The full factorial and
block designs were rejected because the crews are "nested" within firer
vehicles, since the effects due to.crews are restricted to a single level
of the firer vehicle factor.

A split-plot design has much in common with a nested (or partially
hierarchial) design. The term split-plot comes from agricultural
experimentation in which a single level of one treatment is apq11ed
to a relatively large plot of ground (the whole plot) but all levels
of a sacond treatment are applied to subplots within the whole plot.
The analogy of the survivability experiment with the split-piot concept
is 11lustrated utilizing Phase I - Part A factors.

]winer. ﬁ. J., Statistical Pringiples in Experimental Design,
raw Hill, .
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Each of the twenty crews (selected from the total population
of tank crews) are analogous to the whole plots. The four levels of
factor F (firer vehicle) are appiied to the whole plots (i.e., five
crews (whole plots) are assigned to each firer vehicle). The subplots
consist of the twelve treatment levels derived from the three courses
and four speeds per course. Note that each of the twelve subplots
(speed-course treatment levels) are run in every whole plot (20 crews),
& requirement for the split-plot design.

The following assumptions are made regarding the split-plot designs
used for all of the survivability experiments in Phase I.

1. The firer vehicle factor and all subplot treatment factors
are fixed effect factors.

2. The plots icrewsg are a random sample from a specified
population of plots (crews). Thus, the crew factor is trea as a
random effect factor.

NOTE : The implication of considering crews as a random effect factor
1s that conclusions drawn from the experiment will be relevant
to the domain of all crews and not just to the particular ones
selected for the experiment. In contrast the implication of
considering firer vehicle, course, speed, etc., as fixed effect
factors 1umply that conclusions from the experimental analysis
¥111 be relevant to the specific treatment levels of these

actors.

A usual requirement in a split-plot design 1s that the assignment
of treatment levels (speed-course) be randomly assigned to the subplots.
Since data will be collected simultaneously on the four firer vehicles
o for each crew, complete randomization within each plot is not possible.
,”{i The writer's opinion 1s that this fact will have no real impact on the

j analysis for the following reasons:

- .
> o -y

1. The primary reason for randomizing the order in which treat-
ment levels are applied is to eliminate a systematic uncontrolled
variation which is especially important if the same subjects can
fdentify patterns in the ordering. This qrobIem is not present 1in
the survivability test since only one replication per crew is conducted
and the crews do not know the next treatment level to be presented,

)
T 2l 0 ‘ o o
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2. Randomization is particularly important in physical science
or agriculture experiments where material deterioration, physical
, attributes, etc., are important considerations. Also, randomization
i is important when highly accurate measures of the dependent variable
; are bein? made (such as in a chemical experiment). These problems are
minimal in the survivability experiments.

3. It should be noted that the ordering of the subplot treat-
ment levels will be randomized, but that the same order will be applied
to each plot (crew).

| 4. The survivability experiment represents a situation where
}i the physical considerations of experiment conduct must override., It
1s important to realize the assumptions made in the desi?n concerning
randomization, but the writer feels that very 1ittle will be lost in
the analysis due to this factor.

el The general form of the Analysis of Variance (ANOVA) is given
elow:

EFINITIONS

Fis» 1 2 1, ...y 4 - Firer vehicles

Cm(1).m =1, ..., 5 = Crews within firer vehicle, 1.

i TJ J=1, ..., n = Treatment levels for the subplots: (different
1 ' for each part of the test).

: | NOTE: For Phase I, Part A, these are 12 treatment levels made up of

1
3 courses (flank, oblique, and head-in) each at 4 speed
| (10, 20, 30, 40 MPH). ! o paeds
v ‘ SOURCE OF VARIATION DEGREES OF FREEDOM EXPECTED MEAN SQUARE
E | BETWEEN PLOTS . . . . 19
ﬁ i F 3 “i +n ok + bn o
|
i C (within F) 16 02 + n o2

c




WITHIN PLOTS . . . . 20(n-1

i T (n-1) ol + 200% + ofc
o]

;4 FXT : In o? 4 Sofy + of
4 " € T ¢
-

!

: TX 16(n- 2 4 g2

E ‘ | (n-1) % * 9%

|

; In the ANOVA presented above, the T X C interaction represents

; the cross between a fixed and random factor. Because the subplots are
not replicated, no degrees of freedom remain for c%, the error term.

There has been much discussion concerning the assumptions under
) which a "mixed" intersection of factors (fixed x random) can be con~
; sidered as part of the error term (which is assumed to be normally
distributed with zerc mean and variance c§ due to uncontrollable

; experimental error).

3 - The assumption is made in this design (supported by discussions
: : in Winer) that the T X C source of variation be incorporated as part

of o2, This assumption will be employed in all designs for the
appr8pr1ate parts of the survivability test.

e A N

It 1s important to note that the variance due to crew within
firer 1s measured, but that crew interaction with the subplot treat-
ments is considered as part of the experimental error (o),

& e

1

1 FACTORS AND PROPOSED DESIGN FOR ANOVA

i

Ef The following 1tems are described for each part of Phase I of
5y the STAGS Survivability Test in this section:

%ﬂ 1. Dependent variables to be measured,

f‘ 2, Factors (independent variables) in the design,

?5 3. The proposed experimental design model, and
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k) Y 4. Layout of the ANOVA for each part, including the factors,
P degrees of freedom, expected mean square, and appropriate comments
‘jll . (Attachment 2).

}; ,-} NOTE : A table of definitions for all factors is given in

' i Attachment 1.

& |

b f PHASE I - PART A

Y.

%f | 1. Dependent variables to be measured:

i l a. Time to lay on targets

It b. Time to fire first rounds

i; c. Time between rounds fired

¥

i d.  Number of rounds fired

iﬁ e. Time to acquire target (gunner's acquisition)

§ . f. Miss distance (horizontal and vertical) for each round
jf.f NOTE : Each dependent variable will essentially constitute a
B saparate ANOVA, but the same design will be used for each.
: Only one target vehicle is used in I. A.
X 2. Factors (independent variables) in the design:

I a. Firer (defender) vehicles (Fy, { = 1,..., 4)

b. . Crews on firer vehicle (Cj, j =1, 5)1

e 1The sixth crew run described in STAGS is actually a rerun of an
: origina] crew to:-measure tra1n1n$ effect and will be considered in a
F) separate design if, in fact, a2 sixth crew run is made.

e

=

i
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c. Course of target vehicle (Dk’ K= 1,.0053)
d. Speed of target vehicle (Sy, & = 1,...,4)

NOTE: There will be 240 data points measured for each dependsnt
~ variable.

3. Experimental Design

The design for I. A. is a split-plot design as are all
designs for Phase I of the survivability experiment, The subplot treat-
ment levels for I. A, (course and speed) will consider the speed factor
nested in the course factor. The concept of nesiing speed within course
considers speed as a function of course, while providing the capability
of measuring the course main effect.

=M4F +Co o *D ¢S

X{jks

() 2(k)

+ FD,, + FS

TRV T

NOTE: e(11k2 , the error term, is actually composed of the inter-

actions of C with D, and S as described in a previous
section, J(1) k %(k)

PHASE I - PART B

Parts B and C of Phase | are identical except that different
tactics are considered. This report presents the designs as two distinct
experiments. It may be desirable, however, to consider them as one
design with an increased number of treatment levels for Tactics,

1. = Dependent variables to be measured (same 1ist as for I. A.)

N

i . - T T LT

- DY P e
S i o >




fﬁé 2. Factors in the design:

a a. Firer vehicle (Fi, 1 = 1,...,4) ’,}
’?ﬁ?i b, Crews on firer vehicle (C,, § = 1,...,5) :
? "} ¢, Course (dir?cfion of travel) (D, k = 1,...,3) ‘ f
_” | d. Target vehicles (V , 2 = 1,...,6)

B e. Tactics per segment (Tp, »2
ey accelerationgdecoleration tima;

. There will be 720 data points for each dépendent variable,

3. Experimental Design

This design differs from I. A. in the following considerations:

.- a. Two tactics per segment are considered. These tactics

3 are described by the length of time specified for acceleration/decelera-
tion on each half of the segment, and each half will be treated as a
separate trial for purposes of the ANOVA, The tactics are nested within
course in the progosed design for the same reason that speed was nested
within course in

x| b. Six target vehicles are played.

-

c. Target speed is replaced by the tactic factor described

>

above.

>

 fa

The split-plot design proposed for I. B. 1s as follows;

Mgkam =M T Fy ¥ Gy 4D+,

et

[ ]

y 4RO+ FV +
Tagk) * i * Py * ity * Ve

+ FDV + VT + FDV +
e k) ke T Y Mamik

® (13kzm)




PHASE I - PART ¢

1. Dependent variables to be measured are same as 1ist for I. B.
2. Factors 1n the design:

a. Firer vehicle (F, 1= 1,...,4)

b. Crews on firer vehicle (CJ. = 1?---.5)

c. Course (Dys k = 1,...,3) '

d. Target vehicle (Vz’ L= 1,.0.,6)

e, Evasive tactics (Em. m=1,...,3)

There will be 1080 data points measured for each dependent variable.

3. Experimental Design

The design for I. C. differs from that for I. B. in that
the three levels of evasive tactics replace the two levels of acceleration/
deceleration tactics, and tactics are not nested in course,

X, =M+F 4C . +D
13kem 175y T Y e R Y

+FE, +DV +DE +y
im ks - Ezm + DVEkzm + FDV1k&

" +F
FDEikm VE‘I am * FDVE1kgm

* € (15kem)




CONSIDERATIONS FOR ANALYSIS

k|

“d Analyses of the designs are accomplished by running the ANOVA

1 as a full factorial design in a standard computer program (such as

' ; SPSS) and manipulate the sum of squares. An example will {1lustrate
| _ the procedure, '

£ . Consider two factors, A at 4 levels and B at 5 levels (2
f : replications). A full factorial design would produce the following:

T A oadt
% BJ : 4 df
: AB : 12 df
; If B were nested in A, the design 1is:
i
i I, X, "M+A 48  4¢
i 13k 1 731) k(1)
b
‘."*J .
b A s 3df
éh | B 1 16 df
3(1) '
ek(ij) : 20 df
Sum of squares - equivalence:
® Model 1] Model 1
" o
>8(a) 3% * S5y |




DESIGNS FOR CREW CONSISTENCY

- 1. = For each pirt of Phase I in the survivability test, a sixth
crew trial (which is a duplfcate crew from one of the original five
for each firer vehicle) is currently proposed.

2. The designs for this analysis are the same as for the primary
experiment for each part, except that the degrees of freedom for crews
and for error are reduced. -

2 3. Because of the reduction in available dagrees of freedom,

§ the power of the fixed effect factor tests 1s substantially raduced.
This presents no real problem, however, since the objective of these
designs 1s to measure the crew difference effect.

EVALUATION OF AIM POINT DEFINITION

s TR E S N

In conjunction with Phase I, Part A, 1t 1s currently proposed
that the Twister vehicle will be run over one course at two speeds
without a clearly defined aim point. The design for this run is as
follows:

_ .

S~

i e
S Pacl

RE X = M+
» 1Kkm M F1+C +SIL+FS

J(1) 12

¥ 1 km

One of the original crews will be replicated yielding two data
points for each firer vehicle to give a very rough estimats of crew
varfability.
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3. ANALYSISUOE gARIANCE
SIN
STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES (SPSS)

SPSS is a collaction of statistical routines to ussist in
data analysis. The program and sample output given in Attach-
ments 3 and 4, respectively, were run for a sample data deck of
X and Y miss distances made up for Phase I - Part A of the STAGS
Survivability Test.

The output of the ANOVA in Attachment 4 1is for X miss dis-
tance. It runs a full factorial on the four factors of firer
vehicle, course, speed, and crew. The full factorial analysis
i¢ then manipulated into the split-plot design as described in
the ANOVA Proposed Analytical Plan section of the STAGS Progress
Report by Parry and Selvitelle dated 6 August 1975, A full dis-
cussion of the somplete SPSS package is given in the following:

Statistical Package for the Social Sciences, Nie, Hull,
enkins, Steinbrenner, and Bent; Zn on, McGraw
Hi11, 1975,
NOTE: The SPSS package may be run on the CDC 6500 computer
at Fort Leavenworth under Release 6.0.
The point of contact 1s:

Ms Cindy Parker
AUTOVON: 552-3121/4951
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ATTACHMENT 4

SPSS ANOVA OUTPUT EXAMPLE
(Includes MuTiipTe ClassT¥ication Analysis)




¥

PVA FUR STAGS TST '

ez -
..‘4;; i

iLE AYLEV (CReATIUN DATE = 04/12/75 ) ANUVA FOR PHASE 1 PART A

A, o e -
T
- 4

- <
2% & =,

oo a8 ww ANALYS IS DODOF VARIANCE®S® 888580

i1 . UXDEV T X~DISTANCE OF ROUND FWOM AIM=POINT = MIL . |
I BY FIRER FIRER DEFENDER VEHICLE = &« LEVELS 3
%y COURSE  TARGET CRURSE =DIRECTION OF HEADING ~ 3 , 1
4 SPEEDL . TARGET VEHICLE $PiED - & LEVELS . 1
E crew CREW UF FIRER VEHICLE = & LEVELS ='6TH I E
[ I I - B ] # ] t' h # v B 6 H H B t - t # t # [ ] t b &8 0 N b # 5 * D & t # e & " -
48 ' _ SUM UF MEAN SIGNI! '
k¢ JURC{ <F VARIATIUN SQUARES DF SGUARE F OF |
wliv ESFECTS . _ 032,636 12 77.736 13,760  .00)
FIREK 797.954 3 265.985 47,083 00!
CCURSE 15.570 2 7.785 . 1.378  .25:
SPLFD 30,343 3 10,114 1,790 o1t
4 ~WAY INTERACTIUNS 401,329 53 7.572 14360 Q¢
3 FINEK CLUUR §& 75.610 6 12.602°  2.231 W04
] FIRER SPELD 55,175 9 6,131 1,085 o 38
3 FINER CRFH . 76,612 12 6.384 1,130 « 35!
- CruRSE  SPEED 18,645 6 3.108 850 .99
" CCURSE CnEW 63,872 b 7.984 1,413 .20 ]
SPLEL CREw 111,414 12 9,205 1.643 0y 9
B | “WAY INTERACTIUNS 565,795 102 5,547 982 ' 99 »
4 FlenFh CUURSE  SPEED 92,505 18 5.144 910 .90
A FINEN CaUk St CRiW 170,351 24 7.098 1,258 022
P FIRER SPLgn CRE M 167,890 36 4,566 826 NTE
% COURSE  SPELD CREW 134,969 24 5.624 995 L9y
i t SLDUAL 406,751 72 T 5,649
b wTAL o 2306,711 239 9,652

208 CASES WeR: PRUCESSED.
w CASES ( la6.7 PCT) WERE MISSING.
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CEl Vi o e L D

ANOIVA FUR STAGS TeST

"ILE. XYLFy (CRLATIUN DATE = 08/712/7% ) ANUVA FOR' PHASE 1 PART A g
1 won e MU L T PLE CLASSIFICATIGN ANALYSIS » @« ;
1 . XDEV X=OI5TANCE OF KOUNUD FROM AIM=POUINT =~ MIL : ;
LY FIReR FIRFR DEFENDER VEMICLE = &4 LEVELS . b
: CUUKSL  TARGET CuURSE =DIRcCTILN OF HEADING = 3 :
: SPFED TANGET VERICLE SPE.D = & LEVELS |
E ) CRENW (REW OF FIKER VEHICLE = & LEVELS = 6TH I '
' m##ﬂ##m#»#*####tt#######t#ﬁ##t_#####ﬁ##ﬂlI
CKAND MEAN 1.36 ' ADJUSTED FLR |
ADJUSTED FOR "INDEPENDENTS |
k ' UNADJUSTED INDEPENDENTS + COVARIATES |
§ | YARTABLE + CATEGORY DEVeN ETA DEVAN  BETA DEVeN  BETA
“IRER
1 S=TAMK 3.14 3.14
: 2 MolAl - =75 =75
4 3 Me0Al1C3 -1.23 -1,28
4 4 TUN-TRACKER ~1,11 © =1.11
:‘ 59 «59
UYK St
‘- 1 CuNSTANT RAKNGE ' ¢35 ' W35
i 2 leLIOUE -y 10 -.10
X ? STRAIULHT N -e25 25
s . «08 +08
JPEED - . , ' 3
- 8 11U dMPH - - -.57 -.57 -
- 2 2u kPH olo : W16
4 &0 MPH o 040 40 -
: ell oil
¢ CREW
1, 1 ChAFw 1 52 52
# 2 CREW ¢ .70 470
s 3 CREV 3 o2 . w22
" 4 CREW ¢4 ~eb9 -.09
) 5 CREW 5 -s75 -.15
r“: l « 420 © «20 l
M . ULTIPL. h SQUARED . 406 - :
0 "WLTIPLL R 636 ' |
b |
2 |
;. |
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4, MEAN VALUE DIFFERENTIAL ANALYSIS

. <
S A e o

PURPOSE

To describe and fully document the Mean Value Differential Analysis 2
(MVDA) computer program davalopad for US Army Armor and Enginesr Board. ,

OVERVIEW:

1. The purpose of the MVDA program is to computs the Grand
Mean and submeans (as well as submean differentfals from the Grand
0 Mean) of data from an experiment of up to five fuctors, The current

§ program will handle up to giﬁ'treatmlnt levels per factor, but this
Ly restriction 1s easily relaxed through modification of the dimension
bl statements. |
il _ 2. A primary use of the MVDA program is to facilitate the
K preparation of graphical displays of the treatment level mean value
¥ differentials for factor main effects and a1l interactions up to

A fourth order (1f desired). It 1s intendad as a supplementary pro-
k gram to be used after Analysis of Variance (ANOVA) has indicated the
significant factors and interactions of interest,

fi 3. The MVDA program will give significant insights into the
%n particular treatment levels causing the variations leading to sige
% - nificance conclusions in the ANOVA.

ks

it COMPUTER PROGRAM AND QUTPUT:

! 1. Tho computer program (sec Attachmant §) hss baen written
such that all input requirements are documented: within the program.
It is essential that the user understand FORTRAN Format statements
to utilize the program.

T ‘-:'Q*WW’-"W?"""€E‘: Rt Dl e R

¥
‘e
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2, The program 1s currently written for IBM FORTRAN in
that five and four dimensional arrays are used. In case it becomes
necessary to execute the program under a FORTRAN compiler accepting
no greater than three dimensional arrays (¢.g., CDC FORTRAN) the
arrays will require appropriate Tinearization. -

3. The input to MVDA consists of the following:

a. The highest level of interaction torms desired (should be
one less than the total number of factors - Card 0010).

b. The number of treatment levels of each factor (assuring
gg?g)a one (1) is input for unused factors - less than five - Card

Cc. Alphabetic description of factors (four letters per factor -
Card 0014). .

d. Dependent var1abfé data in the formats fndicatud'by Format
Cards 1010, 1020, 1030, 1040, 1050. '

e. (Cases to be run - (see Comment Cards after Card 00562 in
the program). .

4, The output of the MVDA program is 11lustrated in Attachment
6 for a sampie data deck made up for the Root Sum of Squares (RSS)
of X-Y miss distance (meters) for Phase I - Part A of the Survivability
subtest of the STAGS expariment (four constant spseds, three coursas), '
The Grand Mean of 4.961 indicates that thes overall RSS miss distance
was 4.961 meters. The main effect specified as input was firer vehicle
(FIRE)., Note that Vehicles 1, 2, and 3 were all %_ggg_the Grand Mean
{n performance, whereas Vehicle 4 did substantially better (an RSS
miss distance of 0.857 which was 4.105 below the Grand Mean, indicated
by a minus sign under "Differential from Grand Mean"),

To continue the example, note that Firer Vahicle 3 (whose over-
a1l RSS miss distance was 7.100) did substantially worse on Course 3
(11.341). Note that tha average of 11.341 + 5,952 + 4,006 for Firer
Vehicle 3 over all courses equals 7.100, the average over all treat-
ment levels for Firer Vehicle 3.

Continuing the example to the third order intaraction terms, '
note that Firer Vehicle 3 parformance on Course 3 was worse at Speeds
1, 3, and 4 than at Speed 2 (although not significantly different).
Note that the average of 11.835 + 9,848 + 11,523 + 12,167 1s 11,341
(from Firer Vehicle 3, Course 3 in the Second Order Terms table). It
should be noted that the data presented in the Third Order Terms is
averaged over the five craws on the firer vehicles,

27
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5. Another output of the MVDA.program for the same data is
given in Attachmant 7. Note that the roles of Crews and Speed have
besn interchanged, ?Mng insight as to how the Crew Factor affects
the Firer - Course interaction, For example, Crew. 4 did the best
overall speeds for Firer Vehicle 3, Course 3; while Crew 1 did the
worst (8. 21 s 13 965 undnr the Submean column). :
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ATTACHMENT 6

MEAN VALUE DIFFERENTIAL ANALYSIS OUTPUT EXAMPLE

| — FIRER - COURSE - SPEED - CREW é
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ANALYSIS OF ORDERED FACTORS-- FIRE CRSE SPED CREW 5
GRAND MEAN = 44961 3
MAIN EFFECT FACTOR== FIRE ’
LEVEL DIFFERENTIAL FROM GRAND MEAN "SUB-MEAN - o
1 1.199 6.160
2 0.768 5,729 R :
3 2,138 7.100 Ve A
“ 4,105 0,857 , \
SECOND ORDER TERMSee FIRE CRSE -
LEVEL | EVEL D:IFFERENTIAL :
.. (FACTOR 1) ___(FACTOR 2) __FRQM GRAND MEAN ___ SUB=MEAN  __ __. )
1 1 1,489 6,450
1 3. 2.564 7,525
2 1 '10"‘03 39 519
2. e =0.219 R .
3 D Y e =0,955, 4,006
3 2 “T0.991 5,952
3 - 3 6,379 11.341 @ _ __. . _J
4 17 ~4,007 0.955
a4 2 ~4,108 0,854
A vnt
~ ord Bl
GOPY ML 10 TG DS
PERMIT FULLY_ LEGIBE.M




__THIRD ORDER TERMSw= FIRE CRSE SPED e
____LEVEL LEVEL LEVEL DIFFERENTIAL e
. TFACTOR 1) TFACTOR 27 TFACTOR 31 FROM GRAND MEAN SOUB=MEAN
; 1 1 IR T=1,313 T 73,648
3 IR 1 1 N 2 l.111 6.073
! 1 1 3 1,952 6,913
1 1 4 4,205 9,166
4 T A 1 3,140 T.821
4 l 2 . ... .. 0074 . 5,035
1 2 3 0.848 §.809
3 1 2 s D394 54355
; 1 3 2 3,317 8.278 _
1 3 3 1Y v 930 T
! " 1 . 3 _ 4 ) 2.643 7._60‘0_____'___“._
2 ) 1 2  =2.186 2,776
. 2 1 —i '100 3.ﬁ3
] 2 1 4 0.787 5,748
) 2 2 1 - . 30
2 2 2 -1.297 3,664
2 2 - ¥ T T T T 0.8 T T T T 4,600
2 2 2 4 2,200 Te162
) 2 T T T 0.70% TOUBLEN0 0 T
|
. 2 3 2 1,050 6,012 :
. - 2 = 3 3 _ 54720 ) IQ.Q_B_Z._.,._. VPR
’ 2 3 4 8.622 13,584
4 N 3 1l 1 . _.=1.387 . 3,515
- 3 1 2 -1,562 3,400
. 3 1 .3 o =le332 . . 3,629
- 3 1 4 0,489 5,420
i 3 -2 e 008 5,066 ———
3 2 2 0,853 5,815
;i 3 2 . 1.567 ... .. 6,508
f 3 2 A 1,459 6,620
. 3 3 1 .. 6eB73.._ . . .._11.835 D
7 3 3 -2 4,886 9,848
Al — 3 _— 3 _ 4,562 11.523
3 3 3 . 4 7.195 12,157
;& 4 1. 1. .. . . =44732 _.  __ . _0.23 . __.
. 4 1 2 -4,319 0,642
K/ 4 1 3 C=3,730 . _le23Q0 . . _
) 4 1 4 3,244 1.717 :
{: & B 2 ) S 4,615 00386
3 4 2 2 -3,9%2 1.010
¥ 4 2 3 ~3,842 o by
' 4 3 1 -64.625 o 0,336 e
\ 4 3 2 ~4,237 0.725
\ . S 3 3 e =be150 0,812
\ 4 3 4 -3,787 1,175
A
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MEAN VALUE DIFFERENTIAL ANALYSIS OUTPUT EXAMPLE 3

FIRER ~ COURSE - CREW - SPEED
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ANALYSIS OF ORDE

RED FACTORS=-~ FIRE CRSE CREW SPED

GRAND MEAN = 4,961 '
MAIN EFFECT FACTOR=s FIRE
; LEVEL DIFFERENTIAL FROM GRAND MEAN  SUB=MEAN =77
i 1 1.199 64160 T
rt 2 Q. 768 . 729 . . __
o 3 2.138 7.100
RN 4 =4,105 . e - 008 . e e
l.\
SECOND ORDER TERMSwe FIRE CRSE )
L EVEL LEVEL DIFFERENTIAL B
: _(FACTOR_1) (FACTOR 2) __ FROM GRAND MEAN  SUB=MEAN - —
! 1 1 14489 . 6,450 e
-+ 1 2 ~0.456 _ 40505
F _ 1 .3 24886 T.%28 -
H 2 1 “l.643 . 3,819
y 2 2 -0,279 4,683
i 2 3 4,025 "T8.987 )
k - 3 R | =0,935 .. 44006 . ___ e
| 3 2 0.991 5,952
\ 3 3 6,379 11434} _ o
" - &4 2 _ -4,108 0,884
;ﬂ 4 3 S4:200 0,762
!
j
i
%
. |
g
| 40
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_THIRD ORDER TERMS== FIRE CRSE CREW _ ___

— LE¥§.L_..‘,.._. LEVEL OLFFERENT AL —_—
(FAETOR 1) (FACTDR 21 (FACTOR 3) FROM GRAND MEAN SUB=MEAN
1 1 1 2,432 7394
Y Y .. 2 ... Debts _Babbs
1 1 3 2.292 7254 , .
1 1 4 0.690 8.651° i
1 T LI T.3%% 5506 T
1 N S 21 e =000 4945
1 2 2 <1081~ 3.880 i
) S 3 ~0.,395 4,566 '
1 -2 A ~1.0%6 3.905
1 2 5 0.268 ‘8,230
3 ) 1 4. 088 §.016
- T 2 40934 9,895
1 i 3 2.408 7.370
1 3 e 0,477 s,438 | 3
) R | L3 0,944 ¥, 90 T | .
( 2 1 1 "00782 4,180 3
R T —7 =T.518 3345
. 2 1 3 =0,730 4,232
2 1 % -2.226 2,138
.2 _ .y .5 ~1.838 3.103
2 2 1

o
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THIMG JRpER Trwaiees FURE G2ty :i
' I
2 2 2 0,134 4,827 ‘
. - 2 . - Z- ——— _._..3..._ =0,1746 ‘0-1’1 — em—m
2 2 4 -0,239 4,722
| - 2 & 5. =1.581  _ __ 3,380
- 2 3 1 6,888 11.817
.2 3 _2 . 3,943 . . _ 8,904 .
2 3 3 3,506 8,467
_— 2 I & S Y- Y e
2 8 s 3,330 8.291
3 1 1 '10‘092 3‘4ﬁ9
3 1 2 =1.790 3,172
2 1 3. =1.600. _ 3,361
; { ; =0.961 4,021
- . _ _.8_ ——— laDés 6,007 _ |
3 2 1 1e148 6.108
3 2 2 1.929 _ .. 6,901
3 2 3 1,408 6.370
3 2 4 -0,126 ——. 4,826
g 2 5 0.587 5,548
. 3. 1 —_——
- 3 % 2 6.50% 11,466
3 .3 - ) 60404 _ _ __ 1122366
3 3 4 3.560 8.5821 .
.3 35 . 60424 11385 -
_— 1 2 =4 Q.39
‘0 1 3 "0017‘0 00788
— & U S 4 - L=3e795 1,167
4 1 5 -3,884 1.077
4 1 =44317 S 00648 )
T 4 . ¥ -4,050 0.912
4 R o “MVA "S'ﬂﬂ 3,946 1,016
4 1Y) "-' TR -‘00066 00895
o 2 i 45”.“'] li’mﬂ'* -b4e160 0,801
B S S { 4,087 .04 T
T 3 2 ~be352 04609
4 3 3 “4,196 0.7¢66 4
4 3 4 "01133 Q y
e 3 ] 44229 CRAL %
e e e ,;
i

.
T
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5. STRING STATISTICS PROGRAM

The computer program 14sted in Attachment 8 accepts as
input a string of numbers (positive or negative) and a single
number, ASPLIT. The string of numbers 1s divided into two
groups as follows:

Group 1: A1l input numbers less than ASPLIT.
Group 2: A1l {nput numbers greater than or equal to ASPLIT.

The output of the program (see Attachment 9) consists of
the mean, variance, and standard deviation of the total string,
absolute value of numbers in the total string, Group 1, and
Group 2. In addition, a,courter is provided of the number in
each category. *

The primary usefulness of the program for USAARENBD 13 to
provide initial insights into the nature of data gathered from
an experiment. The sample output in Attachment 9 represents
288 data points on X-miss distance example deck. The value of
ASPLIT was 0 for the example.

NOTE : The program is currently written in FC AN formatted
for the COC 6000 series computer,

43




ATTACHMENT . 8

STICS PROGRAM LISTING

STAV

v

s
]

st

44




PRUGRAM STRSTA (INPUT,UUTPUT,TAPES= INPUT,TAPEGsQUTPUT)
. PRUGRAMX STRING=-STATICTICS

. THLS PROGRAM ACCEPTS AS INPUT A STRING CF REAL NUMBERS (UP TO 2000-CURRENTLY
(AGJUST 1000 FURMAT IN ACCURDANCE WITH DATA LOCATIUN ON CARD).
L THE STRING 15 UIVIDED INTO TWO GROUPSS
ASPLIT » THE BASE NUMBER USED FOR THE SPLIT,
"_GROUP 1 AKE ALL NUMBERS LESS THAN ASPLIT, '
GROUP 2 ARE ALL NUMUERS GREATER THAN OR EBQUAL TO hSPLlT.

e memm . e . S eer cmmemm— e

TUUUTPUT IS AS TFULLOWS S

1. MFAN,VARIANCE+STANDARD OEVIATIUN,AND TOTAL NUMBER  FOR GROUP 1.
2. AME AS 1. FOR GRGUP 2,
3., SAME AS 1. FCR DVERALL INPUT STRING.

G SAME_AS 1. FUR_ABSULUTE VALUE UF INPUT STRING. _

e ¢ € . C € 7 ¢« 1

WRITTEN 8Y SAM PARRY, ARMOR BOARD, FORT KNOX, 28 JULY 1978

__UIMENSICN AIN{2000)
. INITIALIZATIONS.

a1 -
ATCT=0.
CATSQ=0, L L
POSTUT=OQ.
POSSUs( . L
NPUS=(0
_ WNEG=0
8NLGTe0,
vMEGSQeC.,

LR ' W@ v N tm e e L e W . e roWeee 04 b bemel s et e - .

ABSTUTe(,

4
* T INPUT STRING= LAST ULATA CARD MUST BE 999999999,

A

am e a . mesma s me e e e - - w—— i e

KEAD(S5,1USO)IASPLIT
1050 "FOKMaT(F10. 0) e e e e e
S0 CONTINUE
. RfAD(S,lOOO)AlN(I) o
100U FORMAT(20X,F10.0)
IFCAINGT) ok0.999999999,)60T0500 S
ATUTSATCT + AIN(I) 4
_ATSQSATSY + (AIN(I)ve2) .
ARSTLT=ABSTUT + ARS(AIN(I))
CIF(AIN(1)WLT.ASPLIT)IGOTOL100
POSTUTsPOISTOT + -AINtI
POSSAsPNSSa ¢ (AIN(1)ee2)
WPLSeNPODS + 1
_lm)el
onrosn
100 CONTINUVE
"BNEGTSBNEGT * AIN(ID)
. _BNEGSOsBNEGSQ + (AlIK(T)ee2)

po—. O G .t ) egm mma b s ews . e+ . e siicdet g e

e EMOT SR e . . - -




eyt e
k)
P

WNEGSNNEG ¢ 1
I=j+}]
NTCS0
500 CCNTINUE
ja]=]
AME AN®ATUT/ !
4 AVARS (ATHR/1) = (AMEAN®®2)
43 FPMEANS PLUSTOT/NPLS
L PPVAR=(PUSSQ/NPDS) = (PPMEAN"Z) L
£, UNMEANSENEGT/NNEG :
v, © uNVAR®(BHEGSQ/NNEG) = (BNMEAN®s2)
g . ABSMRKeABRSTOT/I
ABSVAR® (ATSQ/1) = (ABSMNe®s2)
ASTNesSQRT(AVAR)
. PPSTUsSCRT(PPVAR)
X ¢N>TUl5CkT|BhVAR)
¢ RESTDeSQRT (ABSVAR) .
w?ITE(6.2000)A$PLI’
2000 FONMAT(1HY1,20X, "NEAN=VARIANCE ANALYSIS GF INPUT STRING™,
BUXy"ASPLIT & ", F12.4,4////20X,
IvNu, OF CBSES MEAN VARIANCE STANDARD DEVIATION")
WRITE(6,42100)1 ) AMNEAN,AVAR,ASTD
2100 FPKMAT(/IX."TOTAL STRING ) 11Xo14,8X,3(E12.4,41X))
T (b,¢0:0)1 ALSMN,ABSVARABSSTD
=TOTAL"y TXol&yBXo3(E22.441X))

wy M.sxmm oy 1x1) | | f’

2¢OV FC[\P‘-\T(/IX'"URUUP 2 rBX3(El2.641X)) ,
STUP ' .
LNy - . ..

-, B
A P

= DA

2050

2300
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6. ANALYSIS OF APPARENT ACCELERATION AND APPARENT VELOCITY
| OF_A MOVING ‘TARGET (Part I)

1. PROBLEM DEFINITION:

Datermine the sensitivity of apparant acceleration to the

tracking vehicle in near and far range cases for a moving target

2. APPROAGH T THE PROBLEM:

a. An analytical formulation of the problem was {nvestigated.
An attempt was made to express @, the angle from the tracking
vehicle to thh target, in Polar coordinate form as a function of
e target's acceleration, initial position, and time given in
rtesfan (X, Y) coordinate form. The second derivativé of o
with respect to time 1s the apparsnt accaleration (expressed in
radians/second squared) of the target relative to the tracking

vehicle.

This spproach ylelded a rather "messy” formulation of the

.apparent acceleration, one which would require additional work
to solve. :

b. Tite approach used to generats the results was to
desigp a computer program which generates the value of e, 20,
and A g for "small” time increments along the path of a moving
target. The current program 1s capable of generating results for
any target movemant speed, acceleration, deceleration combinations
at any specified Y-range from the tm:k{ng vehicle and any
_ spacified starting point in the X-direction.

HOTE: The program represents a1l target vehicles as moving with

: a constant Y-distance from the tracking vehicle.(flank).
Other target vehicle movement directions (such as oblique,
sinusodial, etc.) can be represented by detarmining the
equivalent values of @ for the crossing course and adjusting
the speeds and acceleration inputs sppropriataly. An
example of the squivalence 1s shown in Figure 1, tote
that by appropriate inputs of acceleration and starting
position on crcuin? course, the oblique course 1s
exactly representad 38 ] a
of : cle. 0 3
3 1 A tfon O

[ 1s § 1 1

PUNICR P S ~ -

P 4







3. ANALYSIS OF THE PRODLEM

Apparent acceleration and apparent velocity analyses conddctod |
to date are presanted in Exhibits ) thru 12 attached, Thase cases
are briefly described below. :

a. Exhibits 1 thru 4 describe the apparent acceleration
(apparent velocity described 1n Exhibits A thru 4A) for an
acceleration in the X direction of one i . Each
exhibit presents the results of apparent acceleration (velocity)
versus time for five ranges (500, 1000, 2000, 3000, and 4000
meters in the Y direction) for a specified target starting point.

Four target starting points form the basis for each -
exhibit: '

1) Start to the extrems left of the tracking vehicle,

2) Start such that tha target vehicle crosses X = O
at tha mid-point of his movement,

'3) Start at X = 0 and move right,
4) Start to the sxtrame right of the tracking vehicle.

IOTE: Each of the runs mada for Exhibits 1 thru 8 was
terminated when the target vehicle reached a maximum

velocity, VMAX, specii'{ed by input to the program for
each case.

b. Exhibits § thru 8 presant appavent acceleration results
analogous to Exhibits 1 thru 4 except that the target vehicle is
accelerating in the X direction a' two me 8 « (No apparent

speed curves are prasented for thuse cases). {

t. Exhibit 9 prasents a des:ription of apparent acceleration ‘
versus time for three accelerations of the target vehicle (one, }
two, and four meters per second<) it a Y-range of 3000 meters.

d. Exhibit 10 presents an analogous description to Exhibit
2 for a Y-range of 1000 metars. ‘

¢, Exhibits 1 (for mxnnt acceleration) and 12 (for
apparent volocit{) present acceleration (or velocity) versus
time for the following cases at a Y-range of 2000 meters and a

crossing target pattern analogous to Exhibit 2:




f-;‘ ' (V) Accelerata at two meters/second® from an inftial velocity

; of zoro to 32 meters/second and maintain a 32 meter/second constant
velocity for the duration of the 50 second runj

(2) Start 'at and mintain a constant velocity of 25 meters/
second for the 60 second run;

. (3) Start at an inttal velocity of 10 meters/second,

. accelerating at 2 mters/second for 5 seconds, than decelerating

23 2 mc sacond for 6 saconds, and continuing this pattern for
30 Y i

4 CONCLUSIONS

a. Ko attempt has been made by the writars to draw any
conclusions from the analyses presented herein.

b. Additional analyses will require spacifications of the
{nteraction of aprarent acceleration and velocity of the target
vehicle to the iracking vehicle with other factors contributing to
pr:l;at‘:mgy of hit (and ultimately to survivability) of the target
vehicle.

A T
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7. ANALYSIS OF APPARENT ACCELERATION AND APPARENT YELOCITY.
QF A MOVING TARGET (Part II)

.

The ahalyses presented in this paper represont a substantial
extension of the cases considered in the initial report dated
24 July 1976, The current varsion of the program to compute apparent
acceleration and velocity (hereafter raferrad to as PAPA) is capable
of rapresenting a moving target in the following modes (sse Section
I11 vYor a complete description of PAPA).

1. The target may move at any speed, accelerating and decel-
erating 1n any specified manner along the movement trace.

2. The target can move along a strafght 1ine path in any
direction relative to the firer.

3. The taréct can move along a sinusodial path orientad in
any direction, with the capability of changing the amplitude for each
full period of the sine wave.

4. The target can move in three dimensions Sstraight-linc in
the X-Y plane) varying the heighth in any specified manner along the
movement trace. This model is well suited to representing aerial
vehicle movement.

Over sixty production runs were made for the current study.
Only a few selected runs are graphically portrayed in Section 11,8,
These runs were selected to indicate the magnitude of the differences
in apparent acceleration and velocity for various courses, speeds,
and tactics. A table indicating all of the production runs made {s

~given in Section I1.A.

In genearal, cases weare selacted to indicate the effects of
target speeds and accelerations for spacified courses and movement
patterns (Figurcs 1 - 7 in Section 11.B.) Next, cases were selected
to indicate the effects of target movement patterns for specified

courses and target speeds (Figures 8 - 13 in Section I1.B.)




QBSERVATIONS AND CONCLUSIONS

1. As of this time, no actual tracking data has been received,
although I should be receiving some in the near future. Note, however,
that tracking data (from HEL) is based on constant speed, straight
line targets, which present minimal tracking problems relative to
apparent acceleration and velocity. In general, I question whether
or not tracking data obtained on the ranges for constant speed, straight

l}no targets indicate realistic tracking psrformance for combat situa-
ons. '

2. The following observations are made relative to Figures 1 = 7

in Section I1.8. (with target speed and acceleration as the variable on
each graph).

NOTE : The reader should be careful to note that the vertical
scales for each graph differ significantly in many cases.

a. The general shape of the curves are the same for 2,500
and L.OOO meter flank view (as expected). Two primary differences are
noted:

(1) The maximum (and minimum) values are 2:1 for 1,000 vs
2,500 meter range, strajght 1ine route and 3:1 for stinusodial pattern.

(2) The changes from accelerating to docelerutiﬁg (and
vice versa) are more abrupt for the closer ranges.

NQTE: As always, we are faced with the decision as to what
magnitude of chan?e is significant. I am hopeful that
the STAGS Test will provide data to shed 1ight on this
problem. [ have covered this point later and also in
my proposal for future work.

b, The sinusodial pattern results in very changeable
apparent acceleration curves, even for constant speed targets (see
Figures 4A and 5A). The associated apparsnt velocity curves, osﬂecially
for the closer range case, would appear to present a severe tracking
problem. Note, from Figure 5A, that the target movement pattern
(sinusodiai) causes large changes in apparent acceleration. The effect
of the faster speed compresses the curve, but even M60 speed (Case 2B)
may present a significant tracking problem,




Fortendniiinadiatadint-

‘ c. Consider the head-on case in Figures 6A and 6V.
First, note that PAPA determines and prints out each time the
turret changes directions (see Figure 6V and the sample output
in Section II11). It appears to me that the firer would have a
very difficult time tracking the faster vehicle, especiailv con-
sidering the frequency with which the turret must pass through
the zero point (every 5 seconds against the fast A/D vehicle?.

3. The followin? observations are made relative to
Figures 8 - 13 in Section I1.8B. (with target movement pattern as
the variable on each graph).

a. The sinusodial pattern in Figure 8A (2,500 meters -
flank for the M60) indicates a somewhat more difficult target to
track. We must keep in mind, however, that all of the curves
represent tracking required to stay on the target 100 percent of
the time. This fact brings up a very important (and unanswared)
question: How much degradation in probability of hit results as
a function of the percentage of time the tracker is actually laying
on the target during the tracking period? Also, when will the
gunner cease to track and employ ambush tactics, and what is the
resulting degradation in hitting parformance?

b. The sinusodial pattern in Figures 10A and 11A
indicate the order of magnitude increase in apparent acceleration
from a fast target that 1s maneuvering. This concept is obvious,
but the order of magnitude difference was not obvious (at least
to the writer). :

c. In my opinion, the futility of obta1n1n? tracking
data (at least as regards apparent acceleration and velocity) only
for constant speed, straight line targets is vividly 1llustrate

in Figures 12A, 12V, 13A, and 13V. Note the impact on apparent
acceleration for a target moving in a sinusodial vs straight line
pattern for a constant speed target of 15 meters/second.

PROGRAM_APPLICATIONS AND FUTURE STUDIES

1. Several future applications for PAPA, especially regard-
ing the STAGS Test data, are proposed in MFR, SAM H, PARRY,
27 August 1975,

A
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g i 2. The program may be useful in deurminin? design

g - characteristics for future turret and f!rc control systems,
?4 3. The pro?ram can be used in conjunction w1th existing
‘ lead angle determination programs to analyze the-desired char-
Tj acteristics of a lead computer in the fire control system.

K T "4, The incorporation of intervisibility segment length

data would indicate the amount of time (and distance) a tracker
would have available for trackin*. The appropriate segments of
the apparent acceleration and velocity curves could be used to
analyze the feasibility of maintaining a reasonable track during
the segment.

| —
-y PR =N
.

-,

R e L

In my opinion, this paper scarcely scratches the surface of
determining the effects of apparent acceleration and velocity on
| survivability. The one fact that seems apparent, however, is that
| mobility and agility must have a substantial impact on hitting
o - performance. The utilization of PAPA, in conjunction with actual
B\ field data and as a potential tool for tank design analysis, seems
4§ to be indicated for future studies.
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TABULATION OF COMPUTER RUNS
SECTION II.A°

NOTATION FOR CASE NUMBERS - (TACTIC)

Case 1: Straight Line Movement
Cagse 2: Sinusodial Movement Path
Case 3: Three-Dimensional Movement Path

LETTERS F SE _NU ‘= (COURSE)

A, AA, AAA: 2500 Meters -« Flank View

8, BB, BBB: 1000 Maters - Flank View

c., C, CCC: Strajght-in Route - 1000 Meters Offset from Firer
D, ub, DDD: Straight-in Route - Directly Toward Firer

€, EE, EEE: Oblique Course Relative to Firer

NUMBER OF LETTERS FOLLOWING CASE NUMBERS - (SPEED)

Single Letter: Accelerates at 1 Metar/Second?, decelerates
at 2 Metars/Second?, with speeds from 2 to
10 Meters/Second (Simulates M6O Tank).

Double Lettar: Accelerates at 2 Meters/Second?, decelerates
at 3 Maters/Second?, with speeds from 5 to
25 Meters/Second (Simulates Highly Mobiie
and Agile Vehicle).

Triple Letter: Constant Speed of 16 Meters/Second.
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SINUSODSAL MOVEMENT PATH (PART 2)

2:

CASE

AMP(15

NP(5) AMP(6) AMP(7) AWP(8)

NP(2) AMP(3) AMP(4)

AP(1)

NPER

35.
35.

35.

35.
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APPARENT ACCELERATION
AND

APPARENT VELOCITY
GRAPHS

SECTION 11.8

e EELESE Lo, el R St

NQTES REGARDING THE GRAPHS

1. Figures 1A, 1V through 7A, 7V, indicate differences due to target speed
ol and acceleration for a specified course and movement pattern.

ek 2. Figures 8A, 8V through 13A, 13V, indicate differences due to target
vl movement pattern for a specified course and target speed, acceleration,

Sk 3. A1l figure numbers ending with "A" are for apparent acceleration and
. % those ending with "V" are for apparent velocity.

R e

ol 4. For apparent velocity curves, positive values indicate turret traversing
P ! to the right and negative values indicate turret traversing to the left.

v 5. Case numbars refer to the table in Section II.A. ;_
éﬁ 6. CAPTION NOTATION ON THE GRAPHS ’
i% a. Target Speeds

il SLOW A/D:

Acceleration/Deceleration constants are (+1, -2) meters/second?. ' :
Minimum and maximum speeds are (2, 10) meters/second. '

FAST A/D: . ,
Acceleration/Deceleration constants are (+2, -3) meters/second?, t

|
!
|
| Minimum and maximum speeds are (5, 26) meters/second.
| :
s{‘ CONSTANT SPEED:
| No acceleration/deceleration
|
1

BTN,

Amplitude: 35 meters
Half period distance: 75 meters

;gi Maintains.constht spccd of 15 meters/second

?; b. Movement Pattern: !
?: §I§¢§GfldL:§5;po1nt. of the move as indicated in the caption. ﬁ
| " SINUSODIAL PATTERN: (See diagram on next page) | . ?
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SECTION TIII.

DESCRIPTION OF LOGIC AND INPUT REQUIREMENTS
FOR_ANALYSIS OF APPARENT ACCELERATION
(PROGRAM PAPA)

The computer program (PAPA) which computes 40 (apparent
velocity) and a2e (apparent acceleration), is capable of com-
puting these values for the following cases of target movement.
tach case can represent the target

a. at any X-Y starting position with any initial velocity,

b. acce]eratin?/deceleratin$ during the movement trace
until reaching speciflied maximum/minimum velocities or reaching
the specified final position.

NOTE : A 1isting of the program 1s given in Attachment 10 and
a sample output in Attachment 11.
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G . CASE 1 A. Target moving such that Y distance to firer

?l | rematins constant at uny initial (X, Y) position.
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Ef CASE 1 B. Additional straight 1ine movement. (Includes
3 - oblique - any specified angle).
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‘? ' EXAMPLE OF SINUSODIAL MOVEMENT :
FIGURE 5

"

EXAMPLE_FOR CASE 2

:"‘

\ Consider the example in Figure 5. .

.‘é The equation of the targat movement trace is

M

X* « A sin (y*)
where

X* = the X* coordinate translated to (XF, YF) and
rotated such that the sinusodial axis becomes the Y* axis;
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A = amplitude of the sine wave,

y* = the y* coordinate of the translated and rotated
coordinate system (in radians relative to the sine wave).

The movement path along the sine wave 1s generated by
dividing 2n radians (one full period) into "small" fixed
increment angles, represented by y*. The ccrresponding rotated
and translated coordinate value in meters is noted by Y*. The
shape of the sine wave is determined by inputs of AMP(J), the
amplitude for the JIH period, and B, the distance (meters)
between each crossing of the Y* axis (half-period distance).

For each fixed ay* interval, the (X*, Y*) position on the
movement path is computed using a straight 1ine pattern from
the previous point on the sine wave. Thus, a plecewise 1inear
movement pattern is fitted to the actual sinusodial pattern,
but the values of o, A0, and 420 are computed from points on
the sine curve. The approximation may be made as close as
desired by selecting "small" ay* increments.

The inputs required for the straight 1ine, sinusodial, and
three-dimensional patterns are given in a subsequent section.

CASE 3 - THREE DIMENSIONAL PATTERN

The three-dimensional movement pattern moves the target on
a straight 1ine path in the X-Y plane. The target's movement
in the Z direction is controlled through input data (defined in
the next section).

In general, the X-Y distance between Z heighth changes is
fixed. Note, however, that the heighth at each change point, as
well as the acceleration/deceleration between heighth changes,
may vary for aach segment.

The values of A0 end A20 represent the appropriate rates
of change of 0 in three dimensions (as opposed to the change 1n
the X Y plane or the change in the X Y - Z plane only). Thus,
40 and A20 represent the total apparent acceleration and velocity
values relative to the tracker.

-
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m

. {E: The THREED routine may be utilized to represent an

, aerial vehicle as well as a ground target movement
7 trace.

INPUT REQUIREMENTS FOR PAPA

A. Straight 1ine movement (Subroutine STRAIT).
ﬁ 1. (XI, YI): the target's initial position (meters).

" 2. (XF, YF): the target's final position (meters).

3. VI: 1nitial velocity of target at (XI, YI)
(meters/second).

4. AA: acceleration (meters/second?) when target is
accelerating.

f; 5. AD: deceleration (meters/second?) when target is
. ' decelerating.

6.  (VMIN, VMAX): minimum and maximum velocity of the
target during the movement trace.

: 7. TINC: the time increment used for computation of
’& | apparent acceleration and velocity.

B. Sinusodial movement (subroutine SINMOV),

1.  (XI, YI): the target's initial position (meters).

" 2. (XF, YF): the target's final position (meters).

, 3. AMP(J): the amplitude of the sine wave (meters) for
¢ ‘ the JIH period.
{

4, B: the distance (in meters) between each crossing of
the Y* axis (see Figure 5).

s

S

5. VI: the initial velocity of the target at XI, YI
(meters/second).

L2 oag
k>

17




6. AA: the acceleration (meters/second?) when target
is accelerating.

7. AD: the deceleration (meters/second?) when target
is decelerating.

8. ANGD: the value (in radians (0 - n)) at which the
target will begin decelerating (points i in
Figure 5).

9, ANGA: the value {in radians (0 - n)) at which the

target will begin accelerating (points 2 in
Figure 5).

NOTE: Values such as ANGD = & and ANGA = %might be

I appropriate, dependingon AMP(J), BS and V. These
values would begin slowing the target for the turn
about two-thirds of the way to the peak of the curve
and begin acceleration at the peak of the curve,

10, IANG: the fixed increment for computing target move-
ment (number of {ncrements per 2 1 period).

11, NPER: number of periods in the movement pattern.

NOTE : The distance between the inputs
(XI, YI) and (XF, YF) must equal
2 + B « NPER.
12.  (VMIN, VMAX): the minimum and maximum velocity of the
target during the movement trace
(meters/second).
C. Three-dimensional movement (Subroutine THREED).

1. (XI, YI, Z1): the target's initial position (meters),
2, (XF, YF, ZF): the target's final position (meters).

118




i
i
o+l o i S S S

., . 3. VI: 1initial velocity of target at (XI, YI)
' ! (meters/second).

4. (VMIN, VMAX): minimum and maximum velocity of the
: target during the movement trace.

X-7 plane at which a new Z heighth of the

i
; 5. DZINC: the increment of distance traveled in the
: movement path is specified in ZH(I) (meters).

6. NNINC: the number of DZINC increments in the total
movement path (maximum of 200 increments).

=
r=]
=3
m™m

NNINC = \/'(xr - XI)2 + (YF - YI)2
DZINC

7. TINC: the time increment used for computation of
apparent acceleration and velocity.

8. ZH(I), I =1,...,NNINC: the Z heighth of the movement
path (positive or neaat1ve)
at the end of the ITH

increment,

! NOTE: Initial heighth 1s input for ZI.

9, AC(I), I =1,...,NNINC: the acceleration (or deceler-
Tl ation when movin from the
Bl (I1-1)2T to the ITH point

‘ (correspond1ng to ZH(I)).

NQTE: Care should be taken to assure that reasonable values
of AC(I) are specified for up-slopes and down-slopes.

! NOTE: If constant oscilations between two heighte (and con-
B¢ ! stant accelerations over each 1ncrement? are desired,
»il the following inputs are made:

{ a. Input NNINC = 0

i

¥ b. Input ZH(1) as the heighth for the end of the first,
3 third, fifth, etc., increments.

119




K.
3 | |
g ¢. Input ZH(2) as the heighth for the end of the : |
k| second, fourth, sixth, etc., increments. '
’1. d. Input AC(1) and AC(2) as the appropriate
i | accelerations when moving toward ZH(1) and
|- ZH(2), respectively. % -
i
| 4
T
.:} I
;J :
e
‘ !
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B
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- ATTACHMENT 10

PROGRAM _PAPA
FORTRAN SOURCE LISTING
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PROGRAN PAPA (In JT ,OUTPUT,TAPES=INPUT,TAPE. -0UTPUT)

BSOSO RORRPRRCEORRS0UBROORADSOEC 00 CE RISV SNRGEIPIBRSRELBENRCOURRROR D000 OGOEROPOGG:!

PROGRAM PAPA
APPARENT ACCELERATION AND VELOCITY

DESIGNED € PROGRAMMED BY SAM H. PARRY, NAVAL POSTGRADUATE SCHOOL

OO OONON

—-mmm--#8F0R- USAARENBD-FORT KNOX—-== ~AUGUST 1975-%e. - - - -~

(JI 2RISR TIR TR AT RIS RIS RS N AT RS NSNS RISA NI AR N Y]} ] R

Non

DIMENSION AMP({15)
COMMON TH(QOO)vTHXYZ(kOO’:DTH(“OO) DDTH(QOO,
10 - CONTINUE - - - :
C NCASE=] ‘STRAIGHT LINE MUVEp '2 -SINUSODIAL HOVE' 3 = 3D HOVE
READ(5,900)NCASF - - — - e e :
900 FORMAT(I})
IF{NCASE.EQ.Q)STOP
DTH({l1)=0.
. UDTH‘Z)-O.UN-N.M.Wu. —————
ODTH(1)=0,
- IF(NCASE.GT .1)GDTO100 -
KEAD(S,)910) XI,Y1,yXF YFonoVHINrVHAX'AA'AD TINC
910 FORMAT(4F10.0,6F5, 0) .
WRITE(6,1500)X] YI'XFvYFoVIpVHlN.VNAXpAA,AD.‘INC
'-wlSOO"FDR"AT(lHlv?QXv"ﬁPPARENT~ACCELERATlDN'ﬂND VELOCITY ANALYSIS®,//,y -
020X y"STRAJGHT LINE TARGET MOVEMENT",///

C11SX )" INPUT OATA"///74 10Xy INITIAL-POSITION (XT,Y1) ",F8.1,1X,
2F8.1,//10X,"FINAL POSITION (XF,YF) ©®,FB,1,1X,F8., lpIIIOXo
3"INITIAL SPEED (VI-= N/S) "vF7ol|//10X'-~w~'
4"MIN AND MAX SPEED (VMIN,VMAX) ",F7.1,1X%X,F7. lp//lQX'

~SUYACCELERAT]ON/DECELERATION-CONSTANTS -(M/SEC-SQUARED) =%y - - -
6FT.1,1X,4F7.1, //IOX'"TINE INCREMENT "'F7 6)

HRITE(bplOlO) e e s s .-
1010 FDRMAT(///GX."INCREHENT XC"-BXp"YC".9Xp"SPEED”p2Xp
: emACTUAL RANGEY™ySKy —- - =
1"ANGLE DANGLE DDANGLE"O/IX)
~- CALL STRAITUXLpYI o XRyYF o VI yVYMINHVMAXyAAAD,TINC) -
¢oT0lo
CONTINGE et e i e v e e
lF(NCASE.GToZ)GOTDlSO
-READ(S 920} X1 oY1 o XF o YFo VI gVMINy VMAX gAAyAD)ByANGD ,ANGA,NPER, JANG
FURHAT(“F0.0,BFS.O;Z]Q)
READ(Sy930)KINC y  AMP{K]-) oK J®] gKINC ) = vime o im e e
FORMAT{IS,15F5.0)
WRITE(6,1600)X1 oY1 XFeYF VI oVMIN,VMAX9AAJAD ) ANGOD ,ANGANPER¢IANG,B
1600 FDRHAT(IH];ZOX;"APP!RENT ACCELERATION AND VELOCITY ANALYSIS™,//,
120X ,y"*SINUSODIAL-TARGET MOVEMENT Y, ///, - :
215X o"INPUT DATA®,///710X "INITIAL POSITION (leYl) “,F8., 1..x.
~-3F8ely//10X s "FINAL POSITION-AXFpYF)—"yFB,1y1XoF8e1 /720Ky —-
GUINITTIAL SPEED (VI = M/S8) v ,F7,1,//10X,
SUMIN ANU MAX SPEED - (VMIN,VMAX) ".F?.lle|F7al.//10X'
6"ACCELERATIMIN/DECEL SRATION CUNSTANTS (M/SEC SQUARED) v,

TFTal sl XoFTel /710Xy *DECELERATION POINT -IN THE PERIOD(RADIANS) ¢

BFB .4, // 10Xy "ACCELERATION POINT IN ThHE PERIODD(RADIANS) " k84477

R i
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'.C-' A "?"’,-:' ~

(5 AT

LTt A

I YT

i » -

910X ,"NUMBER OF PERICDS IN THE MOVE ",14,4//10X,

¢vNUMBER UF INCREMENTS PER PERIOD»,14,//10X,

*nHALF~PERIOD OISTANCE ",F7.1) ,

~WRITE(S,1012) -- S e e Co
1012 FORMAT(//ISX.”INCRENENT XC".BX."YC“.QXp"SPEED“oZXp

o ACCELERATION® 1 2X o " TIME" 43X " ACTUAL RANGE",5X,

1"ANGLE OANGLE DOANGLE",/1X)
CALL SINMOV (AMP 4B ,X1,YI VIoAAJAD)ANGD,ANGA) IANG ,NPERXF,YF,
IVMAX,VMIN)

. Gutclo . - StmEramam e - e s mem A - R - @met i g 4. e e wemewmt s

150 CONTINUE

: IF{NCASE.GT.3)5TUP

READI(S 975 ) X1 oY1 o2l v XFsYFy2ZFyVIoVMIN,VMAX,DZINC NNINC,TINC
975 - FORMAT(6FB.044F5.0,2Xs15,F5.0)

CALL THREED(X!.Y!pZ!.XF.YFyZFoVI VHXN VHAX DllNC NNINC TlNC)
-~ 607010 - -- :

END

\LABLE 70 DDG DOES W
ngweuu (EGIBLE PRODUCTION




o

oy ik

e i
PR &

¢
LB 00BEEUIRUSBNGSGE S EEPCGPEFIROSROR OGN DO POPBOOPOCOGRGPOS OGS OOCPEROSIOIEPSOL"
C
= - == =SUBROUT-INE - STRAIT(XI,YI-\XF,YF,VI,VMIN, VMAX ) AA,AD,TINC) - - - -
COMMON TH(400),THXYZ (400 ), DTH(QOO).DDTH(QOO)
l.l . - . B B
AC=AA
- .__A.._.xCL.xl e e e em e mmmms o ettt - - e 18 S —— e+
YCLeY] )
_____._._.vFL..v.l — oo amam ol cd L m——— e me b e - e -
ODTRAV=0,
OTOT®SQRT((XF=X1)®82 +(YF=Y])e02)
TEMPs(YF=-Y[)/DTOT
- "TAMPs{XF=X1)/0TOT---—- - ST e
50 CONTINVE
-—~~~«~IF(VFL.GE.VHAX)AC'AD*mmvm?————--—?'“” e
IF(VFL.LEWWMIN) ACsAA ...
= = 1F{DTRAV,.GE .DTOT)G0TO0200 - -
XCs (AC‘TAMP‘(TINC"Z)I/Z- + (VFL'TAMP*T!NC) + XCL
YCa{AC®TEMP&(TINC®22))/2. +(VFL®TEMP*TINC) + YCL
DTR-SORT((XC-XCL)“Z +(YC=YCL)ee2)

~— ~===DTRAVSDTRAYV + DTR- B PR
OFT sSURT((XCeXC) +(YC‘YC))
- COSTHeXC/DFT- - e
VFeAC*TINC + VFL
“LF (ABS(CUSTH) eGTo14 ) =GOTO230 = = mmm e me oo e
TH(1)®ACOS(COSTH) ;
= ———IF{14LE»1 16070100 e et
DTH(I ) (TH(T)=TH{I=1)}7/TINC
- ~DTHIT)®ABS(DTH{ )] - et o - e

IF(1.LE.2)60TO100

- DOTH(I) s (DTH(I)=DTH(1=1})/ATINC—--=nimii .
100 CONTINUE

~WRITE(691200) 14 XCoyYCyVFyOFTy TH{I)yOTH(T),DDTH(I) e
1200 FURMAT(BX.]‘,6XvF8.2'2X F8e292XF7, 292XvF8 202X03El3 5)
e LI X ——— et e ms
IF(1. GT.QOO)GUTDI90
— -~ VFLaVEF- = e - e e+ aomre e
XCL=XC
Coem mee m—- YCL .Yc e oo EEE et B e e et + ——e - . ———— iaas PR,
6071050

190 WRITE(6,1050) - - —
1050 FORMAT ( //10X, "RUN Teanxuareo - EXCESSIVE INCREHENTS")

: 6070250 S e B
200 WRITE(6,1060)

~=—1060-FORMAT(//10X y*RUN-TERMINATED-—~ REACHED -FINAL -POSITION") - - -

60TD250
230 -‘kRITE(6,1070) = -
1070 FDRHAT(IIIOX."RUN TERHINATED - CDSTH GT l") .
¢0T02%0 , :
250 CONTINUE
m e RETURN- =« ommmt o imm e e e e e et e+ e
END
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CoOB08 %2R0 bsssORRPReR! SEOPL RPN P0 0PSB PRNBGERRIERY I AT XTI RIS R T AN YT R ] ]2

C
roeceeees SUBROUTINE-SINMOV(AMP 9By XTI YIoVIoAA AD ) ANGD yANGA IANGNPER ) XFYF
IVMAX,VMIN)
COMMON TH(400) ,THXYZ (400),DTH(400),DDTH(400)
DIMENSION AHP(IS)

xCLe=X]

YCLsY] ,

VFLEY ] e e T R
DTUT'SQR”(YF'YI)"Z*(XF"XI)"2) ’

YSINs(XF=X1)/DTOT
ANGT=ASIN(TSIN)
TCOS=COS (ANGT)
UANG=6 283185308/ 1ANG
~ L -DYINCE(2.8B)/IANG: = - - = oeme e

- §é£;2°¥.","’_’_?51'.--. 7060 DOES NOT

..,‘: © cTiMsO. ~ COPY A

DO 200 I=1,NPER
-~ ==~ D0 150 -J=1y IANG - e
Adey

4 e e e iel eimerre e e e s wpm—. e

crao. e %%s\m PODICTIN

“XCLRTo ((XCL=XF)eTCOS)+(YCL=YF)*TSIN
YCLRTe( (YCL=YF)oTCOS)=(XCL=-XF)*TSIN
—  YCRTSYCLRT-= DYINC--~ - oo - bem e e+ e U,
XCRTe AMP (] )*SIN({( J*DANG)
DTRAVeSQRT{ (YCRT=YCLRT ) #02—-¢ - (XCRT‘XCLRT)“Z]
IF(AC.EQ.0,)G0TOS0
"VFLTPeyYFLen2 e e e e e
TUMP=2 ,8AC®DTRAY
— - IF((TUMP oL T-400s) «AND  (VFLTP.LT.(ABS(TUMP))))GOTO250- - - -~ - -
TIME=s{~VFL+SQRTI(VFLTP+TUMP) ) /AC .
IF(TIME ,LE.0)GOTD240 -—-- - e e e e
60TD100
....... _50 CDNTINUE P, —-— .— e e e et rwewiems 1t ssewe cmms .«
IF{VFL. LE-O-)GUT0255

ceme = TIMERDTRAV/ VEL e mm— e
100 CONTINUE
S XC@{XCRTSTCOS)=(YCRTOTSIN)—#-XF —=—semmm s i o =
YC= (YCRTSTCOS )+ (XCRTTSIN) + YF
-DFT®SQRT((XCONCH -4 -(YCOVE) J———n ———ems o o o o
COSTHaXC/OFT
______ VFeACST IME +-VFL - 7 e+ s e e e et m——— e
IF(ABS(COSTH)JGT.1)60OTO257
. TH{K)=sACOS(COSTH) -~ T

OTH(K) s (TH(K= ll-TH(K)»/TlHE
- 1F(K4LE 21607060 -- e
IF(K.LE.1)60TN60

e e BEUL(DTH K)o LT 000 FeAND o (DTH (KmT-Fa G40 0 o DRy moemimmme e s

1{(DTHIK).CT+0+1 .AND . (DTHIK~114L 740111607055

 KPRTST®O — - =mom —omm oo o SR :

60TD58
—_ SSCONTINUE . ee ammiee e seih e e m e e i s

SAVTsDTH(K)




LA el
ST ST

> %

f ATK=ABS (DTH (K))

p . ATKMsABS(DTH(K=,,) - : e

§1 QTUT=ATK+ATKM

1 ‘ - . .__...TTD .ATKH.TI"E/Q TDT_.-_ v — e — - 1 e e v mmee e - . I ¥
TTA=ATK®TIME/QTOT , F

AR DECL==ATKM/TTD _ k

| ACCL=ATK/TTA o

\JE . - KPRTSTe] U, e e i iiimeme . t

g DOTH(K)=DECL :

m' e e T [MESTTD — ——— oo — —_ - m— - . e e e ’

DTH(R) =0,
. 0T060 Ce
58 conrxNue

ppy

. DDTH(K)-(ABS(DTH(K))-ABS(OTH(K-I)))/T.HE
¢ - 60— CONTI .
. CTIMs
- WRITE, COJ} ‘EFIJ]H(K).O?H(K)'DDTH(K)
1210 FORMAT. .!4& i"Fa.74Q5,FQ a!x.ra.a.ax.r7.1.
15X FBul 45X 3E13 o5) Tl
IF(KPRTST .EQ. O)GDT070 ---- J
- e merme TlME.TTA e e e e e v mt i tin . s e e e e e e ae -
CTIMsCTIM+T IMF
P ~ DTHU(K)=SAVT -~ - - - -
! UDTH(K)=ACCL
: WRITE(6,1212)CTIM,DTH(K) ODTH(K) - :
; 1212 FURMAT(GX."CHANGE IN DIRECTION OF cuu rRAVEL".xsx. .
':_7 e ——- IF'] 1'31X|2£1305 )...._...,. e et et i a e memm———— w1t 8 s s s e————— . . f
g 7o CONTINUE
) . K.K’.l . er 1 e emmmimcimee e s e s S .
; 1F(K. 61.400)0070260 ' .
. P . VFL .VF .- i b e rmm e e e eeee wre e s R .
: XCL=XC
Sz .aen ~YCLeYC-- . e e -t e e < o s mem s b i e e eeee
L IF (J*DANG GE.ANGD)AC-AD
» o evemes [ (JODANG o GE dANGAYACBAA - - omrmmemeoe o e o = -
| IF(J*DANG.GT.PLTI+ANGD)AC=AD
i ! - - 1F({ JODANG.GT.PI I+ANGA) ACs AA Do s e ‘
§'| IF((VFL.GE.VMAX) AND.(AC.GT, o ))0070130 ;
)

© e e R B o G 4. S e Mmoo e

e

T =T — o e

60T 0135 —— e oo e e e
130 VFL=VMAX
. AC.OQ e ROV s ebmart e eia e me e
6070150
135 IF((VFL.LE,VMIN).AND,(AC.LT.0,.))GOTO140 - oo
6070150
=140 - VFLBYMI N mmmmm e e e e e e e e amee e e e e .
AC'O. . ‘-
150 CONTINUE ' R ‘
IF(I.EQ.NPER)GDOTOR00
WRITE(6,+1220) .
Y 1220 FDRNAT(/IOX,"NEXT PERIOD OF SINE WAVE TARGET HUVENENT"Q/IX’
4 +=200 « -CONTINU Errmrim oo RS AR ‘
K 6070500
L 260 WRITE(6,21001)J41

-

z 2100 FORMAT(/IIOXp"ERROR - INCREMENT ".14." PERIUD "olh." TIHE LT 0“)
g - - 6070500 - e - e e
¢

250 CONTINUVE




VELaVMIN
AC'O_.
6071050
- =C 250 WRITE(6,42200})Jy1 -~ - -
2200 FORMAT(//10X,"ERROR - INCRENENT "914,"
1* -« NEGATIVE UNDER SQUARE ROOT*)
255 WRITE(6,22201)J,!1
2220 FORMAT(//10Xe"ERROR = INCREMENT-"y]14,"
R VELCCITY NEGATIVE DR LERQ™)

-—— GDTDSOO e sene e S it WP P e A e ces s mmm  < e

257 WRITE(6,2230)0J41

2230 FORMAT(//10X»"ERROR = INCREMENT "ol&v"
1v COSTH 6T 1")
¢ar0500 o

260 WRITE(6,2300)

- 2300 -FORMAT(//10X*TDTAL -ALLOWED - INCREHENTS
6070500

500 anTth’E - . [ —_ e - -
RETURN

. ERBE m e s rmea el e S @ D W Le S G e

© e - S e e e em

. ——— P Tt e v

PER!DD "y14,

PERIDD ", 14,
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EXCEEDED")




Cosshnbrenrbststsstes EX NI I IIZ ST NI IR I T ]} (I XXRIRINI RIS RIS I XY 04
¢

© =+ = SUBROUT INE- THREED (X1, Y1 2y XF oY FyZFyVI VMIN VMAX,DZINC,  ~ - - -

| INNINC, TINC)

H COMMON  TH(400) s THXYZ (400 1 ,DTH(400),DDTH{400)

# UIMENSION ZH(2001,A€{200)

] . DTOTESQRT((XE=XI)ee2- +(YF-Y1)ee2])- — - -

) XCL oX1

if 4, YCLsY] - - - m— e e v e at e tme m s

IF (NNINC.EQ.0)GOTO70
~ NTCRDS=NNINC/8 + 1
, DD 50 K2s1,NTCRDS
"t‘\‘ KSTART.((KZ-I,.O’ *1 e e tes et s emmm et i Vet maie . .- - . . - -
4 KENDsKZ *8 :
1 - 80 READ(5.950)(ZH(KJ).AC(KJ).KJ-KSTART.KENQ)
‘ 950 FORMAT(16FS5.0)
i-, e e GOTDOO et e mm s es mimmm s et . e mem e e e as s o b
: 70 CONTINUE
== READ(59950) (ZHIKJ D g ACIKI) JKJ@Ey2rmmms s o e o o

% | NNINC=DTOT/DZINC
Bl - = DD 75 KSLONNING g2 - wome e e oo qe e
F | AC(K)nAC(1)
;v TS - ZH{K)OZH{L) - = —- et e et mamnin st s = aes ——— ———ane.
'y U0 77 Ka2,NNINC,2 )
B | ————AC(K)eAC(2) — .
% | 77 IH(K)»ZH(2)
1 I 80 CONTINUE =« « o oot e e e e G imae e e
| | WRITE (651700 )X1 Y1021 XFo¥F o2F VI, VMINy VMAX ,DZINC o NNINC ,TINC '
B\| | - ~1700 FORMAT(1H1,20X,“APPARENT-ACCELERATION AND -VELOCITY- ANALYSIS® /7 s
N 120X ,"THREE OIMENS IONAL TARGET WOVEMENT",///,15X," INPUT DATA"s///,
V] o 2UINTTIAL- POSITION - (X o V-1 g Z-F) y3 61X g RO4 1) p# 710K gmmmeeemmr e o o
& IVFINAL POSITION (XE YFoZF) "33(1X,F8.1),//710X, '
B | o - GUINITIALy MINIMUM) AND -MAXI-MUM: VELOCITY--(M/S) % 93 (1XyFT o1}y /710X,
r SWLENGTH UF.-X=Y DISTANCE INCREMENT FOR Z CHANGE *,F8.oe1,//10X,
g ~6"NUNBER-OF DISTANCE-INCREMENTS—iy 16/ 410X, " TINE INCRENENT",F8.6) -
¥ WRITE(6,1710)
(| 1710 FORMAT-U//30Xy"TERRA-IN~HE1GHTH ——ACCELERATION- ENCREMENTS #//10K, " =~
) 14DIST. INC. 'HEIGHTH ACCELERATION -FROW PREVIOUS TO CURRENT INC"
£ ~ 29774 1%) - v e e e oo :
i 00 90 K=l NNINC
- e 90 WRITE(6 1720 1Ky ZH K} gAC (K ) o -mommmmmmmim e com oo e o oo e e e e e,
N 1720 FOKMAT (13X, 1396X,F741,6X P8 +2)
| — - -WRITE(641730) S o e e
K 1730 FORMAT(///71X,"TIME INC. X v 1".7x."speen»
B | - -12X,"ACCELERATION- -ACTUAL-RANGE - ANGLE (XY)%,3X, -
N 2"ANGLE (XY=1) DANGLE DDANGLE"/1X) |
8 | o DTRAXY®0e - <o i mmm e e L .
N DTRAV=0,
/v N TS "
¢ VFL «V1 _
B | - - TEMPS=(YF-YI)/DTOT-- , —— e e et e ‘
' TEMPCa (XF=X 1)/DTDT , |
e e T T 06T 01 1G0TOL00 o crrmmomm s oo e eme e — R . |
¥ CXYPeXI/(SQRTI(XI®XT)+(YI®YI))) |
|| 128 - ' :
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CXYZPH(SQRT((XI’XI)#(YI‘YI)))/(SQRT((XI‘X!)+(YI‘YI)+(Zl‘ll)))
~TH(1)=ACOS(CXYP) — -
THXYZ(I)GACOS(CXYZP)

C-- C

C J . lNCREHENT NUMBER FUR ZH(J) ANO AC(J)

¢ e
IF(ZH(1)eGE.ZI)NPNs]
lF(ZH( 1 ) L‘ Zx) NPN' 2 e e e -y e me e i eies - et o aae .
DELZ'ZH(I) Zl

——— o J.l Cieenm - - - s e e w ow e remmias s e - e e . - P
Is]l+]

100 CONTINVE

C

C SET UP FOR NEW INCREMENT .

¢

“IF{T+LE 216070120 : T mmee e
IF(ZCL.GE, ZH(J).AND NPN EQ. I)GOTDIIO
“IF{ZCL.LE.ZH(J) AND .NPN.EQ.2)GOTO110
60710150

110 CONTINUVE -
JeJ+l

" IF(JoGT o NNINCIGOTO800 - - ———— rmviemem = e

IF(ZH(J)GE.ZH(J=-1) INPNs}
IFAZH{J ) oLEoZH(J=1 ) INPN®2 - e m e
DELZsZH(J)= ZH‘J ll

120 CONTINUE . PR . - —— B e —. s as s .. e . -
DZTOTwSQRT((DELZ '-z» + (DllNC"Z))
=== 1CUSB=DZINC/D2T-OT -~ o C e

ISINB=ABS(DELZ) /DITOT
ACX®ACIJ)®2COSB#TEMPC - -~ = oo
ACY®AC(J)*ZCOSB®TEMPS

~ACLoACLJ)PLSINE v e i e e e e
6010175
- 150 CDNTINUE - - . e e v e ———— —— e -

S AYNLABLE T0 006 D0ES NET
R Gp%nmr FULLY LEGIBLE PRODUCTICH

b e e ,-Acz.0.4__...‘.-....—-,----
60T0175
160 IF(VFL.LE.VMINIGOTOLES === - --=r == - - .
6010175
165 VFLEYMIN- = = v mme o o e e e e e
ACX=0,

i s ACY @Q - - et nivmae mm———— et s e e

ACL=0.
ACT J) OO ¢ -+ v mr = im e e e o e e et e e
AC(J)=0, "
175 VFLXaVEL®ZCOSBOTEMP (- —- - - oo moemmeoe
VELYaVFL®ZCOSBS TEMP S
' e VFLTeVFLOZSINB

XC= (ACX*{TINC**2)/2.) + (VFLX®TINC) + XCL

"YCu(ACYS(TINC*®2)/2.,) + (VFLYSTINC)—+ YCL- = oo come e -

TZC=(ACZO(TINC®#2)/2.) + (VELZSTINC)
TFANPNOEQe1 D20 ZOL+ T o oo e e
1F(NPN.EQ.2)2Cs 2CL=T2C

——————— el
T— T4 2

caat oo eemomev. 4t cobmbat sl abo il ghes L aep Tuas s ee




DTXYsSQRT((XC-XCL)®»22 + (YC=-YCL)owo2)

DTReSORT((XC=XCL)®®2 + (YC=-YCL)®¢2 + (2C=2CL)e®s2)

DFT=SQRT(XC®*XC + YC*YC ¢ 2Ce*ZC)

=== DFTXY=SORT(XCOXC ¢ YCOYC) = = o

DTRAVSDTRAV + DTR

DTRAXY=DTRAXY + DTXY
CXYsXC/DFTXY

CXYZsDFTXY/DFT - - - - =
TH{I)=ACDS(CXY)

© THXYZ(1)=sACOS(CXY2) - -
DTH(I)=SQRT(((TH(I)=TH(I~ 1))"2) *((THXYZ(!)-THXYZ(I l))“Z))

DTH(I)=ABS(DTH(I}/TINC)
IF{1+GE«3)DDTH(I )= (DTH(I)=DTH(I~ I)IITINC
VEXeACX e TINC + VFLX - -

VFY=ACY © TINC + VFLY

“VFZuACL ® TINC + VFLZ- - - o mmeme o onm e

VFsSQURT (VFX 902 + VFY®02 + VEZ#e2)

WRITE(6+1800) 19 XCyYCyZCyVF)AC(JI) 4OFTyTH(L)yTHXYZ (1) ,OTH(I),DDTH(I)

S e e e el . RS

1800 FORMAT(5X,13,2X,F8.1,1X,F8, 1 3Xy F7 1.4X F6e1 93Xy FT42,9%,

800
1920

410
1930

4%0
1940
900

1F7.1,3Xy4(E13.5)) - -
lel+]

IF(T.67+400)G0T0B10 - ~— - = -ommms e

VFLsVF

XCL=XC SRR o -

YCL=YC

1CL=2C

LF(DTRAXY.GE. (DZINC‘NNINC))GDTOOSO
IF(DTRAXY,GE.OTOT)GOTOB50 -~~~ -~ - -
cotalioo

WRITE(6,1920)

FURMAT(///IOX;“RUN TERMINATED - EXCESSIVE
6070900

WRITE(6,1930)

FORMAT(///IOX.“RUN TERMINATED-~ EXCESSIVE
cO0T0900

WRITE(6,41940) .

FDRMAT(///IOX."RUN TERM]NATED - COHPLETED
CONTINVE - -

RETURN

DISTANCE INCREMENTS")
ANGLE - INCREMENTS™)

HDVEMENT TRACE" )

- END e mime cmemn e e e e e i e e

130
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ATTACHMENT 11
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SAMPLE QUTPUT - PROGRAM PAPA

GOPY AVAILABLE TO DOG DOES NOT
f; PERMIT FULLY LEGIBLE PRODUCTION

. — —— ——— —— 0 — . ——— — —— . S— Og—— Gts —— — ey e o s ——— ——— —— — o r—— —

LT

APPARENT ACCELERATION AND VELOCITY ANALYSIS

SINUSCOITAL TARGET MOVEMENT

B ha i oy

1, INPUT DATA A
X . i
E"- : :
0 INITIAL POSITION (XI,YI) 0.0  2000.0 ]
AN :
: I FINAL POSITIGN (XF,YF) 0.0 040 b
d INITIAL SPEEG (VI = M/S) 15 .0 I3
!
MIN ANG MAX SPEED (VMIN,VMAX) $.0  25.0 t
ACCELERATION/DECELERATICN CONSTANTS (M/SEC SGUARED) 0.0 0.0 |

CECELERATICN PUINT IN THE PERIOC(RADIANS) 1,06790
ACCELERATIUN PUOINT IN THe PERIOD(RACIANS) 1.7500

NUMBER OF PERIUDS IN THE MUVE 15
NUMBER OF INCREMENTS PER PERIOD 26 -

HALF=PLRI0u CISTANCE 75.0

‘;i . 13
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8. DATA REQUIREMENTS FROM STAGS TEST

$ NOT
LABLE 10 D00 e
%%:\;m“fkum |EGIBLE PRODUCTION

QBJECTIVE

To obtain tracking data for statiomary firer - moving
target cases to be in conjunction with the pregram which
determines apparent accsleration and velocity for specified
target movement pattarne, spesds, and accelevetiens.

OATA REQUIREMENTS
A. Targat Vehicle During Movement Trace

1. The actual positien of the vehicle as & function of
time. Efther a continuous trece or discrete values every At
tims units (whare at < 1 secend) will satisfy the requiremsats.

2. The actual spead and acceleration of the whicle at
the points 1n tim for which position 1s recorded.

8. Target Tracking Data Relative to Statfonary Firer

NOTE: This discussion assumes thet gun camsres .. the firer
vehicles will be wtilized for data collection.

1. Genera! appreach ({ndependent ‘gf subtest).

a. Basic data currently plamned consists of various
time factors (lay time, time to fire first round, ote.)
and "miss distance® for esch round (probably in wtls).

b. Additiomal data requireamnts comsist of record-
12' the (X, Y) distance of the point at which the gum 1s
pointing from the actual aim potat at At incremeats dring




tracking. Oepending on the tracking time interval, at should
be no greater than one second (possibly smaller if a “short®
tracking interval exists, i.e., "short" being less than five
saconds). In othar words, wt want to record the same data
whfch wil] be collected at the time of firing each round for
specified time increments during the tracking phase.

C. It is recommanded that we define the commencement of
tracking (for purposes of f1lm reduction) as that point in time
when the target vehicle first appears on the gun camera film.
The sctual analysis will incorporate the determination of when

tracking actually begins.

D. 1 recommend that during the {nitfal fiIm reduction process,
we record tracking data for only a very limited number of cases,
s0 as not to impade the data reduction process for the primary
dependent variables of {interest. The gun camera end target
vahicle data can be utilized at a later time for collection of
additional tracking data of interest. Speci?ic recommendations
as to those cases for which tracking data should be collected
during the initial reduction phase are given in the next section.

2. Specific applicable subtests for tracking data
collection

&, Speed and Precision of Lay (stationary firer vs
moving target casas)

No initial tracking data collection
b. Survivabil{ty subtest
(1) Phase I.A. (Yano: Constant Speed)

Recommend tracking data collection for
the following cases (for one crew).

(a) Flank course (20 MPH)
(b) Flank course (40 MPH)
(c) 0Oblique course (20 MPH)
(d) Oblique course (40 MPH)
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(2) Phase 11.B (Yano: Start-Stop Test)

Recomaend tracking data collection for
the following cases (for one crew).

(a) Flank course (greatest mobility vehicle)
(b) Flank course {M60A1)

(c) Oblique course (greatest mobility vahicle)
(d) Oblique course (MG60A1)

(3) Phase [1.C (Yano: Evasive Tactics)

Recommend tracking data collection for the
following cases (for one crew).

(a) Flank course - HSOAl - sine wave

(b) Flank course - (greatest mobility vehicle) -
sine wvave

(c) Oblique course - M6OAT - sine wave

(d) Oblique course - {greatest mobility vehicle) -
sine vave

(e) Head-on course - M6OAT - sine wave
(f) tead-on course - (greatest mobility vehicle) -
sine wvave

NOTE:: The program can accept sine waves with varying
amplitudes and frequencies during the movement trace.
Such a substitutfon would be accaptable.

(4) St. Vith Phase
Ho inftfal tracking data collectinn
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This report has provided a brief ocutline of the proposad
data requiremants to utilize STAGS test data in tha analysis
of apparent acceleration and velocity contributions to the
probab{1fty of hit and survivability of cembat vehicles.

These recommendations are subject to modification based
on the actual conduct and results of the STAGS test.
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