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CONTROL OF A GLIDING PARACHUTE SYSTEM IN A NON-UNIFORM WIND

I. INTRODUCTION

The basic philosophy underlying an approach to the control of a gliding
parachute system in a non-uniform wind was introduced in Section I of Pearson [1]
with continuing investigations reported in [2] and [3]. This philosophy separates
the wind and initial heading estimation problems from the control problem in mini-
mizing the terminal distance of the parachute from a known target while orienting
the parachute upwind at the terminal time. Various aspects of the control problem
were considered in [1-3] including a computer simulation study of a Differential
Dynamic Programming algorithm for solving the open-loop optimal control problem
(2], a parameter search algorithm and analytical investigation for the optimal
control problem [3], and a -bmg-off-bang control algorithm based on geometric
considerations [3].

In this report the wind estimation and initial heading estimation problems
are examined in Section II with particular emphasis given to a least squares
formulation. Using the bang-off-bang (open-loop) control law described in
Section VI of [3], the least squares and open-loop control algorithms are combined
to yield a closed-loop control law which has been simulated under a variety of
non-uniform wind conditions. The results of this simulation are included in
Section III. Other types of estimation schemes have been considered in this study
and are discussed in Section 1I, but only the least squares algorithm has been used
in these initial simulations of the closed-loop control law due to the relative
simplicity in computing the least squares estimate.

The equations of motion used throughout this study, [1-3], are the kine-
matic relations for a uniform descent of the gliding parechute system after full




deployment has ensued:

bl(t) = a cos 6(t) + 'l(t)

B,(t) = a sin o(t) + w(t) OgtseT (1)

8(t) = & tan o(v) .

In these relations, (pl(t). pz(t)) denote the position coordinates at time t of
the parachute in the horizontal plane relative to the target, (vl(t), wz(t))
denote the velocity components of the wind vector (assumed to lie in the horizontal
plane at all times), 6(t) is the instantaneous heading of the parachute velocity
vector relative tofimed coordinates, and ¢(t) is the parachute ‘bank angle relative
to the local vertical. The magnitude of the parachute velocity vector relative
to the wind is denoted by "a" in Eq. (1), a presumed known constant of sufficient
magnitude to facilitate a wind penetration capability; T is the time to go until
touchdown from the initial launch time zero. Alternatively, the third equation
in (1) can be expressed in terms of the instantaneous radius of turn of the para-
chute, r(t), in the horizontal plane via the well known kinematic relation

o2
i.e., tan ¢ = o (2)
) = Fo (3)

Let the time interval O ¢ t ¢ T be divided into N non-overlapping sub-
intervals t, ¢ t ¢ t; ., 1 = 0,1...N-1, with t_= 0 and t = T. The estimation
problem relative to the i-th subinterval, tetet, ., consists of estimating
the initial heading, o(t,), and the wind profile w(t) over t, ¢ t ¢ T, based on
cbserved data collected over the previous subinterval or intervals. The observed
data umnhmgmm.m angle ¢(t), the position
vector p(t), and possibly (depending on the estimation scheme) the total velocity
vector of the parechute p(t). Given tho»uth-tu 3(1:1) and w(t) for t,eteT,
the control problem relative to the i-th subinterval consists of choosing the
bank angle ¢(t), or equivalently the turning redius r(t), on t ettt such




that the parachute would land as close to the target as possible in an upward wind
direction at the terminal time if, in fact, the estimates ;(ti) and ;(t) were
exact and ¢(t) were applied for all t in the interval t; €t € T. The estimates
(a.:vb)) are updated over the next subinterval based on the new data collected
over that interval, and similarly the control variable ¢(t) is re-computed based
on the new estimates, resulting in a step-by-step control-estimation sequence which
. constitutes the closed-loop control algorithm. As discussed in previous reports,
control is assumed to be effected through the use of an on-board servo motor
attached to the support lines of the gliding parachute with the actual relation
between ¢(t) and the angular position of the servo motor to be determined by the
particular hardvm so assembled. All computations would presumably be performed
by a digital computer located at the target with appropriate telecommunications

i linking the ground based target and the parachute. However, the computations are
sufficiently simple that on-board digital computations might be feasible if such

were desired.
II. WIND AND INITIAL HEADING ESTIMATION

Let to s§tg ty be a typical subinterval over which data is observed and
it is desired to obtain estimates of the wind profile w(t) and initial heading
angle O(to) = 8 for purposes of updating the control algorithm on the next sub-
interval. A general approach to this problem would model w(t) as a stochastic
process, perhaps with an underlying Markov process representation, and proceed to
derive the partial differential equations from which the conditional means of
w(t) and oo could be obtained given the data. However, there is little motivation

. to formulate this full blown version of the estimation problem, at least at this
stage of the investigation, due to the rather extensive computational requirements
anticipated in solving the partial differential equations. Therefore, in this
section the simpler least squares estimation of w(t) and 0_ will be formulated and
solved in closed form. Regarding other estimation schemes, a minimum variance




estimate of the wind direction and initial parachute heading will be discussed
for the special case in which the magnitude of the wind vector is a known constant.
(a) A Least Squares Estimate
Let the wind components in (1) be modeled by the polynomials of pre-
selected order n:
¢ i
wit)= J a ¢t
(%)

(t) '2' i
w.(t) = B, t
2 Lo B

In practical terms n would probably be chosen as either n -’o (a constant wind of
unknown magnitude and direction), or n = 1 (a variable wind with linear time
varying components). A least squares estimate of the parameters (Oo,co..un.so..an)
results upon minimizing the functional

t

1 n 1.2
30,00.8) = [ 1,(8) - a cos (8, + uCe)) - Lot
t =0
(-]
2 B i (s)
o 08,000 - astn (o, 4 ueen) - ] 8"
t, i=0

where U(t) is defined in terms of the bank angle ¢(t) by
u(t) = lr tan ¢(1) dr .
a
t

i A necessary condition for the minimization of (5) is the adherence of

the following relations:

-‘.J—- 0 y—- s 0 o =0 (6)
“o ; “l ; Tq
1 = 0.100' .
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Since J is quadratic in the ay and B1 parameters, the second and third sets of
equations in (6) are linear in (a,B) and can be solved uniquely for (a,B) in
terms of oo and the data. The coefficient matrix for the linear equations in
(a,B) is the Gramian for the functions {1,t..t"} on t §tst), ie., the

symmetric matrix whose ij-th component (i = 0..n and § = 0..n) is defined by

t i+j+l itj+l
1 t -t
G,, = I ¢itdgy = 2 ° (7)

i to i+vj+l

0gi,jesn .

Since (l,t..tn).aro linearly independent for any tl > to’ the inverse matrix

of G exists and can be precomputed and stored for any given t ettt interval.
Letting H11 denote the ij-th component of the inverse matrix, G'l, the solutions
for a; and B8, become (details omitted):

= 2 Hy4[Xy - &(Cy cos 0 - S, sin 6 )]

3=0
(8)
8, = jzo H j[Yj - a(cj sin 6, + S, cos 8 )]
0¢gign
where the scalars (cjosj.xjotj) are given by
tl t1
c, = [ t] cos U(t)at, s, * I td sin u(t)at (9)
t t
[+ ) [+
1 5
Xy = I o pyoar, v, - I t3 (0ot (10)
t t
(-] (]
Substituting Eq. (8) into the first of the relations in (6) leads to
the result
9
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%‘;—-o-namoo-ncosoo (11)

(<]

where A and B are defined by

t
1
A= [ [ﬁl(t) cos U(t) + ﬁz(t) sin U(t)lat
t
. (12)

§ 3 . ]
- H X,C, + Y.S
120 j=0 7l i |

and

t

1

B= I [pQ(t) cos U(t) - pl(t) sin U(t)]at

t .
() (13)
n

n
+ H,.[X,S, - Y,C.]
120,20 ., o i i

respectively. Assuming the bank angle ¢(t) is not identically zero on

t,stet),or equivalently that U(t) is not identically zero, (11) can be

1’
solved for 6 o’ modulo 2w, taking into account that a minimal value is desired,
i.e., taking note of the condition that

2

dJ
—7’ 0 .
30°
This solution is given by
& -1 B
00-2n+tnn I (14)

where m is any integer. Substituting (1%) into (8) then yields the final
closed-form solution for the least squares estimates of the quantities
(.0....)'

The above solution is contingent on the condition that ¢(t) ¥ 0 because
Andlueh'-hhtf“t)-oQtottstl. In the event that ¢(t) = 0 for

10




all t on to £t¢g tl, eo cannot be estimated from the given data. In this case
a prior value for eo should be assumed, based on data collected over a previous
subinterval in which ¢(t) # 0, and (&.8) can be obtained from

- n

a, = jzo Hi'j (xj - ‘Gjo cos 0 )
(15)
jZo H - ‘Gjo sin Oo)

where So is the a priori value assumed for oo.
Finally, it should be noted that the integrals involving the total
velocity vector of the parachute, p(t), in (10), (12) and (13) can be equivalently

expressed in terms of p(t) using integration by parts, i.e.,

t
1
xj = tljpl(t ) - o (t ) -3 L t (t)dt
£ (16)
Yj = tljp,‘,(tl) t p2(t ) -3 . tj lpz(t)dt
13
I #i(t) cos U(t)dt = pi(tl) cos U(tl) - Pi(to)
t
(-]
1
+ l] pi(t) tan ¢(t) sin U(t)dt
%o 17)
1
] ti(t) sin U(t)dt = pi(t ) sin U(tl)
t
° t
- lI Py(t) tan 4(t) cos U(t)at
0
i=1,2,
Thus, a knowledge of the data (p(t), ¢(t)) en t, €t ¢t is sufficient to
obtain the least squares estimate of the wind model (4) and initial heading
O(to).
1
e o T

W}w,» o




(b) Statistical Estimates

Although the general estimation problem for a stochastic wind w(t) and
random initial heading O(to) is probably intractable for on-line considerations,
there is one special case that leads to a reasonably straightforward solution
in computing a minimum variance estimate. This approach involves nonlinear
transformations on the data to achieve an underlying linear Markov process in a
manner similar to that used by Willsky and Lo [4] for a different but related
estimation problem. The stochastic differential equations for this case are

assumed as follows:

éltt) = a cos (6(t) + el(t)) + Db cos (u(t) + 62(1:))
(18)
152(t) = a sin (6(t) + Ez(t)) + b sin (u(t) + 52(t))

do(t) = u(g)dt + dnl(t)
(19)

du(t) = cu(t)dt + dnz(t) .

In the above, the magnitude of the wind vector is assumed to be a known constant
parameter "b", (Cl(t). €2(t)) are independent "white-noise" Gaussian processes,
u(t) is a known deterministic forcing function given by

u(t) = & tan o(v) , (20)
(nl(t), nz(t)) ar¢ independent Brownian noise processes, and "c" is a given
constant charecterizing the trensitions for the Markov process w(t).

The measurement data is assumed to consist of the total welocity vector
of the pavachute, $(t), as well as the bank angle ¢(t). Equivalently, the data
is assumed to consist of the triple of fumctions (u(t), :1(1:). :2(1:)) for
t3 to where




2)(t) = 2 5,(t) = cos (8 4 £,) + p cos (u + E,)

(21)
zz(t) = %t.‘,(t) = sin (0 + El) +p 8in (w + £2)
and p = b/a is a known constant. Eliminating the terms involving (w + 52) in
(21) yields
z2+z2+1-2||z||sin (0 +¢€ +tan'1z—1—)= 4 (22)
1 2 1 z, .
2 9 1/2
where ||z]|| = (z] +2,] . Assuming principal values for the angles, (22)
is seen to yield two values for 6 + El depending on the sign of
z
-1 1,
cos (6 + § + tan -z-; :
( 1% -1 zi*z§+1-p2.l
-tan ;—+s:l.n if >0
0+ & . 2“3” J (23)
A 1% -1 zifzg-fl-pz]
7 + tan z—-sin ! if v <0
: 2 2|lzl| |
where
" B |
t=.gncoc(0+£1+tan =) . (2%)
*2
Similarly, the terms involving (6 + El) can be eliminated from (21)
yielding the scalar equation
a2 vgdep? - 2||z|| sin (w + &, + tan™} -z-]*) =1 (25)
! e & z, ~

Again, two values for (w + £2) can be cbtained from (25) depending on the sign
z

of cos (v + € ¢+ tan'l -;l-). (assuming principal values for all angles):
2

13




2 2 2
2 z, +z,.+p -1]
<tanl L4 gin? [1 2 if >0
a %) 2|lz]] ] e
w+E =

. S e | 3 zi+z§+92-1'|
% ¢+ tan © — - sin if ¢ <0
L A 2|lzl] |

2

o |

O-speos(u¢€2+tm ) - (27)

The ambiguity in the expressions (23) and (26) cannot be resolved in
any simple way. However, considering the time derivative of

z
sin (0 + g * tan'l ;-]L):
2

g-t-sin (0+£1+tan'1:—; =eos(o+£1+tan1 1 a—-(o+£1+tm1:—;)
-u(t)coc(e+£1+tan' z—?-) X
The latter approximtion'hol.d. if the angular rate term % (0 + £, + tan~! z—;'-)
is dominated by 8(t) = u(t). Then the function ¥ in (24) becomes
v = {sgn u(t)} sgn 5 4 sin(® + 51 + tan % ;‘ . (28)

But sgn {% sin (06 + € *+ tant -;]é)} can be expressed in terms of z(t) and z(t)
2
by differentiating (22) and assuming ||z|| > o:

z
sgn {g-t- sin (0 + € *+ tan~! ;-i-)} = sgn {(zlt1 + 3212)(:§ + z; -1+ 02)}. (29)

This implies that the value of ¥ in (28) can be resolved if the sign of the
quantity in brackets on the right side of (29) can be determined from the measure-
ments. However, it should be reiterated that this result depends on the assump-

tion mi(t)-n(t)mmmma(o+¢1+tul 1
5

14




 The value of ¢ in (27) can be related to the value of ¥ from the follow-

z
ing trigonometric considerations. Let A = tan™} ;l so that
2

Z2 e |

c“l'-n-z-n-. linlt-n-i-n-

Then the following identity follows from (21):

zlcocx-:2clnxscoolco.(o+£l)+pcosXcoa(u+52)
-cinlcin(O#El) -Dsinlain(u+£2)
seoo[x+o+£1]+peoo[1+u+£2]

=0. (30)

But p is positive so that ¢ = -y, which resolves the ambiguity in (26) once ¥ is
determined.

Given the nonlinear transformations on the data so that the right hand
sides of Eqs. (23) and (26) are known at each instant of time t, the second pair
of equations in (19) can now be regarded as a vector Markov process with linear
measurements as summarized by the following matrix equations:

o] [o o]fe] 1 n
d ® a + udt ¢+ 4 (31)
] 0 cjle 0 n
~ - -‘ g b
3. [+
%, - LF@
whers ;1 and ;2 denote the right hand sides of (23) and (26), respectively.

(32)

Equations (31) and (32) are now in the standard form for application of
the Kalman-Bucy filter [5] in obtaining a minimum variance estimate of the pair
(8(t), u(t)) conditioned cn the data (3,(t), 5,(t)). The filter for this estimate

is given by

dx = Ax dt + Bu dt + K(t)[s - xMt, x(o) = E(x,) (33)




where ; = (3. ;)'; A and B are the coefficient matrices in (31), and the gain

matrix K(t) is computed off-line according to

K(t) = P(t)R,:,J'

g-:- = AP+ PA' + R, - n;lp »  Plo) = E(x_x!)

(3u)

where
R,dt = E(nn')
and

R, = E(EE")

are presumed to be given covariance matrices with R, positive definite.
Equation (33) is the real-time realization of this optimal filter given that
the gain matrix K(t) has been pre-computed off-line by the integration of the
Riccati differential equation in (34).

III. CLOSED LOOP CONTROL ALGORITHM

Given estimates of the wind vector, (wl(t), w2(t)). over t ¢t sT, and
the initial heading of the parachute relative to wind, O(to), as determined by
the least squares formulae of Section II-a involving the data observed over the
previous subinterval, the following transformations to normalized coordinates
simplify the kiuinttc equations for control considerations:

xi(t) = -ﬂ-_%-y.- [pi(t) + r witz)d;], i=1,2
o t
x,(t) = 0(t) . (35)

Rewriting Eq. (1) in terms of (11.;’.:,) and introducing the normalized time v,

t-t

'.’:t-:-. (”)




and the normalized control variable u,

(T-to)g

us tan ¢ , ' v (37)

the kinematic equations become
i’tl('r) = cos xa('r)
ﬁz(t) = gin xa('t) 0stsgl (38)
k,(1) = u(v) .

The desired terminal state in these coordinates is given by:

xl(l) = xz(l) =0, 83(1) = /w(T) +«x (39)

vhere /w(T) denotes the estimated wind direction at the terminal time T.
The optimal control problem of minimizing the control energy,

1
I |u(t)|%dr, while driving the system (38) from the initial state
°

xi(o) = "_i'—o’-; [pi(to) + E vi(E)dEJ. i=1,2

x4(0) = 0(t ) : (40)
to the terminal state (39) has been investigated in [2] and [3]. Assuming the
initial coordinates (xl(o). x,(0)) lie within the unit circle, this is a well
posed problem with moderately demanding computational requirements in obtaining
a solution. The Differential Dynamic Programming algorithm for computing the
optimal control, as discussed in [2], requires a large amount of computer storage,
but tends to converge in a small number iterations. The parameter search algorithm,
discussed in [3] and further investigated via the application of the Davison-Wong
technique [6], requires far less memory, but requires many more iterations to

converge.
Although each of the optimal control techniques may be feasible if suffi-
cient computer hardware is available, the far simpler bang-off-bang algorithm
17
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described in Section VI of [3] was utilized for the control algorithm in closing
the loop using the step by step estimation-control sequence described in the
Introduction. However, provision in this algorithm must be made for the possi-
bility that the initial conditions in (40) may lie outside the unit circle at
the start of any particular sub-interval, thereby necessitating an alternative
control strategy (not discussed in [2] or [3]) for this situation.

(a) Control Strategy for Initial Conditions Outside the Unit Circle

The following control strategy was adopted for the case in which
(x,(0), x,(0)) 1lie outside the unit circle. Let u(t) be constrained to be
either one of the two forms:

1
=~ for 0Tt
“1('!) = {7 1 (41)
0 for tl <tg1l
or
0 for O ¢t ¢ tl
Ilz(i’) * 1 (42)
= for 'I:1 <tgl
vhere the normalized turning radius, y, and the switching time t, are to be
determined by minimizing the fumction
2 2
J(tl) = [xlu) + 32(1)3 (43)
subject to the end-point constraint
xs(l) s fw(T) + v . (uy)

Using the control u, in (41), the equations of motion (38) can be inte-
grated yielding an explicit expression for J(tl). The terminal constraint (uu)
muammm.ummmvmclz

¢

1
," e mﬂo’ v - x‘ld ¥ (48)
18
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Using this constraint and the necessary condition for a minimum, g%— = 0, the
1
* * *
following values for t, and J = J(tl) are obtained:

t; = é{l + xl(o) cos v + xz(o) sin v + T;GJ;T-—J [xl(o) sin v

(u6)
- x,‘,(o) cos v - xl(o) sin xa(o) 4 x2(o) cos xa(o) + sin (v-xa(o))]}
J*=-‘!'- (0) cos v - x.(0) sin v + 1 [x, (o) (o)
1°ad *2 1 v-x,(0) o e e )
2
+ xz(o) sin "3(0) + cos (v-xa(o)) -1- xl(o) cos v - x2(o) sin v]}
where d and v are defined by
v=/wT) +x (48)
2 5 V—xa(o)
4 v - xa(o) - 8in (v-xa(o))] + 4 gin (—;—) 2
= ~- 9)
[v - xs(o)]
P a2 *
With the above value for tl, it can be shown that vie ol 0 so that ty is a
dt .

minimal point. This implies that 'ul in (41) will be the proper control to apply
(vithin the present context) provided, in addition, that 0 ¢ t) ¢ 1 and v # x4(o).
In a similar mamner, the differential equations can be integrated using

the control u, in (42) resulting in an explicit relation for J(tl). Again, the
terminal constraint (44) implies the following constraint between the radius of
turn v and t, (cf. (45)):

1l - t].
(T) + % - x4(0)

(s0)

mmmmatlmmmmumuofamthnmh
found to be

19
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1 2 - 2 cos (v-xa(o)) 1
[xl(o) gin v - xz(o) cos v

t, = e +
1 d [\D-xs(o)]2 v-x4(0)

+ x2(°) cos x3(o) - xl(o) sin "3(°) - sin (v-xa(o))]

- xl(o) cos xs(o) - x2(o) sin xa(o)} (51)

J; = %{xl(o) sin xs(o) - x2(o) cos xa(o) + V—?T:'GT [xl(o) cos v s

2
+ xz(o) sin v - xl(o) cos xs(o) - xz(o) sin "3(°) -1+ cos(v-xa(o))]}

As in the previous case, u, is feasible only if t; in (51) satisfies
0 g tI € 1. In practice, both cases must be considered for any particular set
of initial values (xl(o). xz(o)) lying outside the unit circle with the choice,
u, or u,, based on feasibility. It could be that neither case is feasible for
certain initial data in which case the value of J can be computed for full on, or
full off, control during O € T ¢ 1, and that control selected which achieves the
smaller value for J, consistent with the end point heading constraint (uu).
These details of the control strategy have been programmed into the Fortran listing
supplied in the Appendix.

(b) Simulation Results of the Closed Loop Controller

Simulation studies were carried out for the system (1) using a variety
of initial conditions (pl(o). pz(o). 0(0)) and wind profiles (wl(t), wz(t))
over the total time interval 0 ¢ t € 307.5 sec. The speed of the parachute
relative to wind was fixed at a = 30 ft/sec. Five subintervals were used for i
the step-by-step estimation-control sequence with the lengths of these sub-

intervals defined by:




tl = 7,5, t, = 157.5
1:2 = 82.5, t“ = 232.5
T = 307.5 .
A small control effort of magnitude 0.01 was exerted over the first subinterval
in order to avoid the degeneracy discussed at the end of Section II-a in
estimating the parachute heading eo.

All integrations were performed using a fourth order Runge-Kutta sub-
routine from the IBM Scientific Subroutine Package. A complete Fortran listing
of the computer program is given in the Appendix. The differential equations for
the parachute, the generation of the wind vector, as well as all the relevant
integrals needed for the least squares estimation are integrated in the subroutine
labeled CPLANT. A linear tin; varying wind model was used in the wind estimation
subroutine (Eq. (4) withn = 1):

w,(t) = a, +at
wy(t) = B + Bt .

The actual winds used in the study are given in Table 1. The analytical
expressions for both polar and rectangular coordinates of the wind vector are
indicated. A step-type disturbance was introduced for some of the runs as indi-
cated by the Aw, columns in Table 1. These disturbances (where indicated) were
imposed at the end of each subinterval according to the rule:

vi(m) = wi(old) +aw, 1=1,2.

The parachute trajectories under closed loop control are shown in
Figs. 1-11 with corresponding plots for the wind profile and the parachute bank
angle. Two different trajectories are shown on each Figure corresponding to the
two different sets of initial conditions indicated. The terminal error,

[Ip(T)||, is the Euclidesn distance in feet, while A8(T) denotes the error in the
desired parachute heading at the terminal time. These trajectories and data
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indicate that good terminal accuracy can be obtained for smooth variable winds,
with some deterioriation in accuracy for abruptly shifting winds. The bank angles
for the most part are quite reasonable, although there were brief moments where
bank angles in excess of 30° were called for by the control algorithm. There was
no attempt to determine the best sizing of subintervals, nor to experiment with
variations in the estimation scheme. Such experimentation is necessary if a

practical implementation of this approach is undertaken.

IV. CONCLUSIONS

Separating the wind and initial heading estimation problems from the
control problem to obtain a step-by-step estimation and control sequence may be
a feasible approach to the gliding parachute control problem in a nonuniform
wind. It will be difficult to make a more definitive statement until additional
simulations and experimentations are carried out. Even within the scope of the
relatively simple least squares estimation scheme used in this study, additional
experimentation is needed to determine the number and sizing of subintervals
ti £ts t:l +° whether or not to combine wind estimates over adjacent subinter-
vals by averaging the estimates over several subintervals, and what form of wind
model to use in the estimation scheme. The control aspect of the problem is
fairly straightforward from a computational viewpoint, but actuator dynamics have
been completely neglected as indicated by the instantaneous step changes allowed
in the parechute bank angle. More sophisticated estimation and control algorithms
might offer better performance, but at the expense of more complex computations.
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APPENDIX

FILE: MAIN FORTRAN P1 THE BROWN BICENTENNIAL COMPUTER CENTER
C THE PURPUSE IS TO ESTIMATE AND CUONTROL A PARACHUTE GLIDING SYSTEM VIAO00010
c VIA A LEAST SQUARE ESTIMATION SCHEME (ESTM) IN ADUITION TO A BANG-V1A00020
C BANG CUNTROL SCHEME (PRED). VIAD0030
C A:PARACHUTE SPEED;CW:COEFF. MATRIX IN DYNAMIC WIND MODEL VIAO00040
C OTES: EST. INTERVAL LENGTH ; DTIN: INTEGRATION INTERVAL LENGTH VIADQ050
C ERBD:ERRUR BOUND IN RINGE-KUTTA ROUTINE 3EX: EST.PARACHUTE HEADINGVIA00060
c EA: EST.X-COMPONENT WIND COEFF. ; EB: EST. Y-COMPONENT WIND COEFF,VIA00070
c IM: NO. OF INTEGRATION INTERVAL § IN: NO. OF EST. INTERVAL vIA00080
c [P: EXECUTION CONTROL.IF IP=1,STOP EXECUTIUN BECAUSE THE GEOME TRICVIAQ0090
C APPROACH FAILS. 3 NC: EST. LOOP COUNT ;TI: INITIAL TIME VIA0O0100
C TF: FINAL TIME ; T8: STORED SWITCH TIME VECTOR ; XINSINITIAL STATEVIAOQOL10
c XF: FINAL STATE VECTOR,AND INTEGRATEL VECTOR ; UM: BANG-OFF CONTROLVIAO0Q120
C WD: EST. TERMINAL WIND ANGLE ; PI:180 DEGREE IN RADIANS VIAQO130
c CONV:CONVERSION FACTOR FROM RADIAN TO DEGREE VIAQ0140
c FDS: ESTIMATION INTERVAL 3 FDI: INTEGRATION STEP SIZE VIAO0150
c DG: DEGENERATE BOUND XTF: INTERMEDIATE INITIAL TIME VIAQO1l60
c DEV: TERMINAL OEVIATION FROM WIND OPPUSITE VIAOOLT70
c TC: INITIAL COUNT TIME 3 TUGOSFLIGHT TIME IN SECOND vIAOOL80
C RK: FRACTION OF PRECICTION INTERVAL ; ISK:SKIP CONSTANT EST.IF ISKVIAO0190
c =] vV IA00200
IMPLICIT REAL*8(A-H,0-2) VIA00210
DIMENSION XIN(3) oXF1(22)yTB(2)eCW(292)yWIN(2),EAL2),EB(2),TEX{3) VIA00220
COMMON DTESsDTINJERBDy TITFeNCoINoIM vIA00230
COMMON/ FL/AyUMy T By CWoW INoUP ¢ DGy TEX 9P 1 yCONV VIAO0240
COMMON/OUT/TPRyTHI , THETA9ENRy ALP yORBE VIA00250
COMMON/PR/ WD, IP v 1A00260
COMMON/EX/TF INyRKy ISK VIAQQ270
WRITE(6,32) VIA00280
32 FORMAT(LH ,'DISTURBANCEs NO. OUF DRUPS?) VIA00290
READ(5929)0RBE yNDP vIA00300
00 30 LD=14NOP VIA00310
WRITE(6,28) VIA00320
28 FORMAT(1H ,*FRACTION OF PREDy®,* SKIP CONTROL®) VIA00330
READ(S 929 )RKy ISK VIAOQU340
29 FORMAT(D14.8,12) VIA00350
WRITE( 69 24) v 1A00360
24 FORMAT (LH , " INITIAL COUNT TIME , TIME TO GO*) VIA00370
READ(5,5) TCy» TGO VIA00380
WRITE(6,11) VIA00390
11 FORMAT(1H ,'EST.NO.»INTGe NO. 5 INITIAL STATES, ERROR BOUND') VIA004 00
READ (592) INgIMe (XIN(I)oI=1,3),4ERBD vIAO00410
2 FORMAT(21444D14.8) VIA00420
WRITE(649) VIAQ0430
9 FORMATELH ¢ °*PARACHUTE SPEED WeR.T. AIR',", INITIAL CONTROL®) V1IA00440
READ(5,5)AyUM VIA00450
WRITE(6910) VIA0Q460
10 FORMAT(LH o' INITIAL COND. OF WIND COMPONENTS®) VIAOO4T0
READ(S,S)IIWIN(I) ¢1=1,42) VIA00480
5 FORMAT (2014.8) V1AQ0490
WRITE(6,8) VIA00500
8 FORMAT(IH o"COEFF. MATRIX IN DYNAMIC WIND MODEL') vIA00510
00 7 I=1,2 VIA00520
7 READ(S595) (CW(I4Jd)yJ=le2) VIAO00530
TEFIN=TC+TGO VIADO540
PI=DARCOS (-1 .00) VIAQ0550




FILE: MAIN FORTRAN Pl THE BROWN BICENTENNIAL COMPUTER CENTER
CONV=1.8D2/P1 VIA00560
FOS=TGO/OF LOAT(1N) vIA00570
FDI=FDS/DFLOAT (IM) VIAO00S5 80
DTES=0.1D0%FDS viA00590
DTIN=0.100%FDI VIA00600
1P=0 VIAQ00610

c VIA00620

C INITIALIZE FINAL STATE, INTG. VECTOR,EST. VECTOR VIAOD630

c VIA00640
D0 12 I=1,22 V1A00650

12 XF1(1)=0.D0 VIA00660
EX=0.00 VIA00670
DO 13 I=1,2 V1A00680
EA(1)=0.D0 VIA00690

13 €EB(1)=0.D0 VIAQO700
NC=0 VIAJOT10
T1=0.00 vIAQ0720
TF=TI+DTES VIA00730
T8(2)=T1 VIA00740
STF=TC VIAQ0750
TB( 1)=TF VIA00760

C VIAQO770

C COMPUTE STATE AND INTEGRATED VECTORS VIAO0780

c vV 1A00790

1 CALL PLANT(XINyXF1) vIA00800
IF(NC.EQ.INIGO TO 22 VIA00810
DG=D TIN*UM** 2+, 1D-05 v1A00820

c v1A00830Q

C ESTIMATE HEADING AND WIND COEFF. VIA00840

c vVIA00850
CALL ESTMIXINgXFlyEXyEAy EB) vIA00860

c VIAQ0870

C COMPUTE BANG-BANG CONTROL ACCORDING TO MODEL EQ.SEST.STATES. VIA00880

C VIA00890
CALL PRED(XINJEXyEA9E3 9STF o T1MyT2M,UR) v 1400900

c VIA00910

C UPDATE INITIAL COND.,START NEXT ESTIMATICN LOOP VIA00920

c v1A00930
NC=NC+1 VIA00940
IF(NC.EQ.1)GO TO 20 vV1A00950
TI=TI+DTES VIA00960
GO TC 21 VIA00970

20 TI=TC vV 1A00980

21 TF=T I+FDS v1A00990
STF=TF VIA01000
UM=UR vViIAO1010
DT ES=FDS VIAQ1020
DTIN=FDI VIA01030
TB(1)=T1M vV 1A01040
TB(2)=T2M VIAOL050
G0 TO0 1 VIA01060

22 WRITE(6y31)THETA VIAD1070

31 FORMAT(1Hy *REAL ANG.'92X D14 .8) vIAO1 080
IFIXF1(13).EQ.0.D0)GO TO 25 v1A01090
DEV=CONV*DMOD (THET A=DATAN2IXF1( 14D, XF1(13)) #P1) ,(2.D0¢P1)) VIAO1100
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FILE:

25

26
27
23

30

MAIN FORTRAN P1 THE BROWN BICENTENNIAL COMPUTER CENTER
GO TC 27 VIAOL1l10
IFIXF1(14).6T7.0.D0)GO TO 26 VIAOl1120
DEV=CONV*DMOD((THETA+1.500%P 1)y (2.00%P 1)) VIAOL130
GO TO 27 VIAOLl140
DEV=CONV*DMOD((THET A+.5D0%PI)y(2.00%PI)) VIAOL1150
WRITE(8,423)DEV VIAOQ1160
WRITE(6,23)DEV VIAOL1170
FORMAT (IH 4 *THE DEVIATION FROM THE WIND OPPOSITE IS *,2X,Dl14.8,2X,VIAOL180
C'DEGREES .') VIAOL190
CONTINUE VIAO1200
sSToP VIAD1210
ENOD VIAOl220
38




FILE: CPLANT FURTRAN Pl THE BROWN BICENTENNIAL COMPUTER CENTER
SUBRCOUT INE PLANT (AINsYTEL) PLAOOOLO
c THE PURPOSE IS wITH GIVEN INITIAL POSIT IONyHEADING AS WELL AS WINDPLAO0020
C KNOWN DYNAMICS AND CONTROL LAW,COMPUTE THE CORRESPONDING STATES,ANPLAO0030
C INTEGRATED VECTUR WhICH IS NEEDED IN LSQ ESTIMATION. PLAOO0040
C INPUT:INITIAL STATE VECTOR * XIN® PLAQOOS50
C OUTPUT:FINAL STATE VECTOR AND SOME INTEGRATEDL VECTOR °*YTEL' PLADJ060
C PLAOOOT70
c PLAOOO8O
IMPLICIT KEAL*B(A-Hy0-2) PLAOGO90
DIMENSION XIN(L) oY (14)9DERY (14 )y PRMT (5) o AUX(8,y 14),YTEL(L),TB(2)y PLAOOL00O
CCW(2+2)yWIN(2) PLAOOL10
CCMMUN/UUT/TP 2 THIsTHEsENRyALP PLAOO120
COMMON OSDIEDy TIoTFNCoINgIM PLAOO130
COMMON/FL/AgUyTB9CWoWIN,UP PLAJO140
EXTERNAL FCT1l,0uTP1 1 PLAOU150
C PLAOOL160
C INITIALIZE RELATED VECTURS FOR INTEGRATION PURPOSE PLAJVLTO
(o PLAOOLBO
PRMT(1)=T1 PLAQO190
PRMT (2)=TF PLA00200
PRMT (3) =DI PLAOO210
PRMT (4)=ED PLAOO220
TP=T1 PLAQO230
ALP=TI PLAOO240
NDIM=14 PLADO250
DO 1 I=1l,l4 PLAOO260
1 DERY(I)=1.DU/14.00 PLAQO2T0
D0 2 =142 PLAQO280
2 YUI)=XINC]D) PLAQ0290
THI=XIN(3) PLAOD300
00 3 I=3,12 PLAQO310
3 ¥{1)=0.00 PLAO0320
DO 6 I=13,414 PLA0O330
6 Y(I)=WIN(I-12) PLAQO340
WRITE(&48) PLAOO350
8 FORMAT(IH 52X *TIME® 912X * X(1)? 912X9* X200 912X 9 X(3)*,12X,'WIND's PLAOO360
CL2X 9 *ANGL ' 9 10X9 *U’ 14Xy *BANK ANG®) PLAOO370
WRITE(6+7) PLAOO380
7 FORMAT (LHO 9 2Xo *TIME * g 12Xy * X( 1) 2 912X *X(2) " 912X 9 * X(3)* 912 X+* WIND® ,1 PLAOO390
C2X 9'ANGL® 910X ¢*U"® 914X 9" ENERGY"* ) PLAQ00400
C PLAOO4 10
C START [INTEGRAT ION PLAQO420
C PLAOO430
CALL DRKGS(PRMT,Y,DERYyNDIMy IHLF +FCTL »OUTP1 yAUX) PLAOO440
WRITE(G694) IHLF PLAQO450
4 FORMAT (LHO o* IHLF=* , ]2) PLAOO460
C PLADO4T70
C STORE FINAL STATE AND INTEGRATED VECTOR PLAOO480
c PLAOO490
00 5 I=1y14 PLAOO500
5 YTEL(L)=Y (1) PLAOO5 10
RETURN PLA00520
END PLAJ0S530
SUBROUTINE OUTPL (XsYoDERY ¢ IHLF yNDI My PRMT ) PLAOOS40
IMPLICIT REAL*8(A-H,0-2) PLAOOSS0
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FILE: CPLANT FORTRAN P1 THE BROWN BICENTENNIAL COMPUTER CENTER

DIMENSION Y(1)sPRMT (1) oDERY( 1) o TBE2) sCHI2+2) oWIN(2) , TEX(3) PLA00560
COMMON DS DI sEDy TITFoNCyINoIMN PLAOOST70
COMMON/F L/7As Uy TByCHoWINoUP 306 o TE Ko P1 4C V PLA00S80
COMMCN/ QUT /TP, THI, THETA, ENR o ALP PLAOO590
IF((XeLToALP=o500%D1)+OR(X.GToALP+.500%DI ) ) RETURN PLA00600
WMAG=DSQRT(Y(13)s82¢Y( 14)®%2) PLA006 10
IF(Y(14).EQ.0.00)G0 TO 2 PLA00620
IF(Y(13).EQ.0.00)GO 7O 3 PLA00630
WANG=DATAN2(Y(14 ), Y(13))uCV PLAOO640

GO TO 4 PLA00650

2 WANG=0.00 PLA00660
GO TO PLADO6TO

3 WANG=9,001 PLA00680
GO TO 4 PLA00690

. BK=DAT AN2 (A®UP, 32.0700)*CV PLAOOT700
WRITE(ByL) XoY(L) oY(2) THE TA ¢ WMAG oW ANG sU Py BK PLAOOT710
ALP=ALP+DFLOAT( IM/10)%01 PLA00720
IF((XeLT.TP=-.500%D1) «OR¢ (X oGT.TP+.500%D 1) )RETURN PLAOOT30

c PLAOO740
C PRINT OUT 2 CONSECUTIVE SETS OF TIME,STATES,WIND,CONTROL AND ENERGY PLAOO 750
c EST. INTERVAL PLAOOT760
¢ PLAOO770
WRITE(6 o1 DX oY (L) o¥( 20y THET Ay WMAG sWANGy UP ¢ ENR PLAOO 780

1 FORMAT(LH 5010.%,7(2Xs0144.8)) PLAOOT90
TP=TP+DFLOAT(IM )*0 I PLA00B0D
RETURN PLAOOB10

END : PLA00820
SUBROUT INE FCTL(T, Y,DERY) PLA00830
IMPLICIT REAL*8(A-H,0-2) PLA00840
OIMENSION Y(1)oDERY (1) ¢TBU2) oCHE292) ¢WIN(2) PLAOOBS50
COMMON 0SyDIoEDy T1,TFNCoINy IN PLA00B6O
COMMON/F 1 /A, UL s TB o CHoWIN JURE PLAOOBTO
COMMON/OUT/ TP s THL  THETA » ENR PLA00880
IF((TBI2) .LT.TB(1)) AND.(T.GE.TB(1)))GO TO 4 PLA00890
IF(T.LTL.TBIL)IGO TO 2 PLA00900
IF(T.LT.¥B{2))G0 TO 3 PLA00910
URE=UI PLA00920
UIN=(TB(1)-T 14T-TB(2))%U1 PLA00930

GO 70 1 _ PLA00940

2 VINS(T=-TI)*U1 PLA00950
URE=U1 : PLA00960

GO T0 1 PLAO0970

3 UVIN=(TB(1)=-TI )yl PLA00980
URE=0.00 PLA00990

60 10 1 PLAOL00O

. UIN=(TB(1)-TII%U1 PLAOLO10
URE=UL PLAOL 020

THE TASTHL +UIN PLAO1030

DERY (1)=ASDCOSE THETA)*Y( 13) PLAOL040

DERY (2 ) =A®DS INITHETA)+Y ( 14) : PLAOLOSO
DERY(3)=DSIN(VIN) PLAOL060

DERY (4 )=DCOS (VIN) PLAOLOTO

DERY (5 ) sDERY (1 )*DERY (4 ) PLAOL08O

DERY (6 ) sDERY (2 ) $DERY (4 ) PLAOL090

DERY( 7)=OERY(1)*DERY(3) PLAOL100

L8




FILE: CPLANT FORTRAN Pl THE BROWN BICENTENNIAL COMPUTER CENTER

." DERY(8)=DERY(2)*DERY( 3) PLAOL110
’ DERY (9 )=T *DERY (3) PLAOL1120
DERY(10)=T*DERY(4) PLAOL130

DERY(11)=Y(1) PLAVL140

: DERY(12)=Y(2) PLAOL150

F DERY(13)=CWil o l)*V(13)+CW(Lly2)%Y (l4) PLAOL160

; DERY (14)=CW(2,1)*Y( 13)¢CH(2:2)%Y(14) PLAOL1T70

i ENR=UL*UIN PLAOL180

RETURN PLAO1190

5 END PLAJ1200
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FILE: CESTM FURTRAN P1 THE BRUWN BICENTENNIAL CUMPUTER CENTER

SUBROUTINE ESTM(XI ¢ XF,EXEALEB) ESTUOVL0

C THE PURPUSE IS TO CUMPUTE A LEAST SQUARE ESTIMATE OF PARACHUTE ESTV0020
C HEADING AND COEFFICIENTS OF WIND COMPONENTS, EST00030
c INPUT: INITIAL STATE'XI®*oFINAL STATE AND INTEGRATELU VECTOR °*XF°* ESTUV040
C VW TPUT: ESTIMATED HEADING °'EX'yCOEFFe VECTURS *EA'4'EB‘. €ST00050
C EST00060
C ESTO0J70
IMPLICIT REAL*8(A-H,U-2) ESTO00080
DIMENSION XICL)oXFUL)9oEALL) 9EBIL)gP(292)9CI1(2)9SI(2)+PC(2)4PSE2), ESTO0090
CDUL292) sy W INI2)sCAl292)9TBL2) 9 TEX(5) yDERYZ2(4)9Y2(4),PRMT2 (5) yAUX2(8 ESTO0100

Co%) o TEXC(3) ESTOOL10
COMMON OTES,DTINJERBDy TIoTFoNCyINeIMyIPR] ESTOO120
COMMCN/OUT/TPRy THI yTHE ENR ¢ ALPyRAMP ESTOO130
COMMON/FL1/V U TBoCWoWINIUPDEGITEXCoPLoCV EST00140
COMMON/F2/TEX ESTO0150
EXTERNAL F(CT2,0UTP2 ESTOUL60

c ESTOOL70
C COMPUTE THE ESTIMATED HEADING ‘EX? ESTOO0180
C ESTO0190
P(lel)=XF(1l)-XI(1, ESTJ0200
P(Le2)=TF*XF(L)-TI*XI(1)=XF(11) EST00210
PlE2y1)=XF(2)-X1(2) EST0G220
PU2¢2)=TF*XF(2)-TI*XI(2)=-XF(12) EST00230
CI(l)=xXFl4) EST00240
Ci(2)=XF(10) EST00250
SI(l)=XF(3) €ST00260

Sl (2)=XxF(9) EST00270
PCL1)=XF(5) ESTO00280
PCl2)=XF(6) ESTOL290
PS(1l)=XF(T) EST00300
PS(2)=XF(8) - ESTO0310
UMRC=XF (6 )=XF(T)=(PL2s L)I*XF(4)-P(LyL)*XF(3))/OTES ESTO0320
OMC=XF(S5)¢XF(8)-(PLLyl)*XF(4)+P 12,1 )*XF(3))/DTES ESTO0330
SU=1.D0/DTES**3 ESTOU0340
D(lyl)=4,00*SO%(TH**2¢ TF=T[+Tl*s2) €ST00350
0(192)==06,00%50%(TF+TI) ESTO00360
DI2,1)=D(1,2) ESTO0370
D(2+2)=12.00%SD ESTO00380
IF(ENR.LT <OEGIGO TO 24 ESTO0390
RMD=0.0D0 EST00400
RMU=0,.00 ESTOV4 LD

00 6 I=l,y2 EST00420

00 7 J=l,2 EST00430
RMU=RMU+DL Ly JD*(PE2yJ)*CILTI=P(L,d)%S1(1)) ESTOU440
RMD=RMO+D( 19 J)®(P(LoJ)*CICII+P(24J)%SI(1)) £STJ0450

7 CONTINUE ESTV0460
[ CONT INVE ; £STI0470
UMER=PC(2)-PS(L1)-RMW ESTO0480
DENOM=PC ( 1) +PS( 2) -RMD EST00490
WRITE(6927) UMERy DENOM ESTV0500

217 FURMATULH o*NUMERATOR= * D14 «892X9*DENOM INATOR= *yD14.8) ESTO0S10
EX =DATANZ2(UMER Ot NUM) ESTOV520
WRITE(692TIUMRCy OMC ESTOU530
TEXC(1)=DATAN2 (UMRC 4OMC) ESTO0540

C ESTOU550

42
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FILE: CESTM  FORTRAN Pl THE BRUWN BICENTENNIAL COMPUTER CENTER
C INITIALIZE EST . COEFF ESTV0560
c EST0570
24 00 2 I=1,2 EST00580
EA(1)=0.00 ESTUU590
2 Eu(1)=0.00 EST00600
c EST00610
C COMPUTE ESTIMATED VECTURS 'EA' & 'Eb’ EST00620
c EST00630
DO 3 1=1,2 EST00640
00 4 J=1,2 EST00650
EACI)=EACI)4D(I o) *(P(L,d)=Vv=(OCUSIEXI®CI(J)I=DSINCEX)*ST(J))) ESTO0660
EB(I)=EB(I)+D(I,J)*(P(2,J)=-V*(OSIN(EX)*C I(J)+DCOSIEX)I*SILI))) EST00670
4 CONTINUE EST00680
3 CONT INUE EST00690
c EST00700
C COMPUTE CONSTANT EST. VECTOK ESTO00710
¢ ESTO0720
TEXC(2)=(XF(L)=XT(1)=-V*(XF (& )*DCUSITEXC (1) )-XF(3)*DSINC(TEXC(1))))/ESTO0730
CDTES ESTO0740
TEXC{3)=(XF(2)=XT1(2)=-VE(XF(4)*0S INCTEXC(1))-XF(3)*=DSINC( TEXC( 1)) ) )/EST00750
CDTES : EST00760
c ESTO0770
C STURE LINEAR EST. VECTCR FUKR ERRCR COMPUTATION. EST00780
c ESTU0790
TEX (1)=EX EST00800
TEX(2)=EA(1) EST00810
TEX(3)=EA(2) EST00820
TEX(4)=EB(1) €5700830
TEX(5) =EB(2) EST00840
DUM=0.U0 ESTO0850
c ESTU0860
C COMPUTE THE ESTIMATION ERROR EST00870
c €ST00880
NDIM2=4 € ST00890
PRMT2(1) =TI EST00900
PRMT2(2)=TF EST00910
PRMT2(3)=DTIN ESTOU920
PRMT2( &) =ERBD EST00930
00 9 I=1,4 EST00940
9 DERY2(1)=1.D0/4.00 €ST00950
DO 10 I=1,2 ESTO0960
10 Y2( 1) =wiIN(I) EST00970
Y2(3)=0.00 €ST00980
Y2(4)=0.00 ESTOV990
IPRI=0 EST01000
CALL DRKGS(PRMT2,Y2 ,DERY2 ¢NDIM2, IHLF2 o FCT2 5 OUT P2, AUX2) ESTOL010
WRITE(6915) IMLF2 ESTOL020
15 FORMAT(L1H ,* IHLF2=*,12) €ST01030
IF(Y2(3) LE. 1.0-10) IPRI=1 ESTO1040
WRITE(8y5INC ESTOL050
WRI TE(6 45 INC £57T01060
5 FORMAT(LHO) AFTER THE® 1 4,* TH ESTIMATICN, THE ESTIMATED STATE ANDESTOL070
C ERRCR ARE'//1H ¢5X9*X(3)0o04Xs *AL1) "y 14X AL2) %y 146Xs*BUL)",14X,*BESTOLVBO
C12)* 414X, ERROR? ) EST01090
WRITE(69B)EX,EA(LD s EAL2) 4EBL 1) EBL 2)4Y2(3) ESTOL100

»3 i




FILE: CESTM FORTRAN Pl THE BROWN BICENTENNIAL COMPUTER CENTER

WRITELB 8)EXEALL) yEA(2),EBLL),) EBL2)yY2(2) ESTO1110

-] FORMAT(1IH +,6(D14.8,4X)) ESTO1120
WRITE(ByBITEXC(L)y TEXC(2) yDUMTEXC(3)DUMyY21 %) ESTOLL130

C ESTO1140
C UPDATE INITIAL CONDITION ESTOL1150
C ESTOL160
DO 16 I=]1,2 ESTOL170

16 XI¢1)=%XF (1) ESTO1180
Xi1(3)=THE ESTOL190

00 28 1=),2 ESTO1200

28 WINC(I)=Y2(1)+RAMP ESTOL210
EXsEX®THE -THI ESTO1220
TEXC(L)=TEXC(L)+ THE-THI ESTO1230
RETURN ESTD1240

END ESTO1250
SUBROUTINE FCT2 T,VY2,DERY2 ) ESTOl260
IMPLICIT REAL...A-Hy0-2) ESTOLZT0O
DIMENSION Y2(1) oWINL2) ¢DERY2(1)oDn(292)sTX(5)yTB(2)y TXCHL 3) E£ST01280
COMMON DSeDIoEDeTIoTFoNC o INoIMyIPR ESTO1290
CCMMON/OUT/TPReTHI 9 THE 9 ENR ESTOL300
COMMON/FL/AoUL ¢ TBsDWoWIN UPD yDGU oTX Ly PIyCV ESTO1310
COMMON/F2/TX ESTO1320
IFC(TBI2) eLTTB(1))ANDeIT«GELTB(1))IGO TU 3 ESTO1330
TF{T.LT.TB(1))GO TO 2 ESTO1340

IFET LT .TB(2))IGU TC 3 ESTO1350
UIN=(TB(1)-TI+T-TB(2))*U1 ESTO1360

G0 70 1 ESTO1370

Z UVIN=(T-T] )=Vl ESTOL1380
GO 10 1 ESTO1390

3 UIN={TBI1)-T1)w1] ESTO1400
| THETA=THI®UIN ESTOl410
ANGL=TX(1)+VUIN ESTO1l420
ANGC=TXC(1)®UIN ESTO1430
DYL=A*DCOSITHETA)#Y 2(1) ESTO1440
DY2=A®DSIN(THETA)¢Y2( 2) ESTO1450
DERY2(1)=DW (ly1)*Y2(1)¢DNW( 1, 2)%Y2(2) ESTUl460

- DERY2(2)=DW(2¢1)*Y2(1)4DW(2,2)%Y2(2) ESTO1470
DERY2(3)=(DYL1~ASDCOSCANGL)=TX(2)=TX(3)*T)*x2+(DV2 ESTOLl480
C~A*DSINCANGL)=TX (4 ) =TX (5 ) =T )ss2 ESTO1490
DERY2(4)=(DY1-A*DCOS(ANGC) ~TXC(2))*#24(DY2-A%DSIN(ANGC)=TXC{3) ESTO1500

Cles2 ESTOL1510

RE TURN ESTO1520

END ESTO1530
SUBROUT INE OUTP2(XeY29DERY2¢ IHLF2/NDIM2,PRMT2) ESTOL1540
IMPLICIT REAL*8(A-H,0-2) ESTOL1550
DIMENSION Y2(1) yDERY2(1) ¢PRMT2(1) ESTO1560
RETURN ESTOLSTO

END ESTUL580

11




FILE: PRED FORTRAN P1 THE BROWN BICENTENNIAL COMPUTER CENTER
SUBROUTINE PRED(X,EXeEApEB,T»TIR,T2R,UR) PREOVOLO
c THE PURPOSE IS TO CCMPUTE A BANG-BANG CONTROL WHICH DRIVES THE PREV0020
c MODEL SYSTEM TO THE TARGET VIA A GEOMETRICAL APPROACH. PREV0030
c INPUT: STATE VECTOR *X®,EST.HEADING *EX® ,COEFF.'EA® & *EB’, INITIALPREOOU40
c TIME. , PRE000S50
> QUTPUT: SWITCH TIMES,CONTROUL PRE0006O
¥ C PREOVOTV
c PREUOVSO
IMPLICIT REAL®8(A-H,0-2) PREOV09D
DIMENSTUN X(1)oEACL)oEBELDoZINC2)oTBO(2)oCHDILe2)¢WND(2) oTXC(3)  PREOULOVO
COMMON DSDIoERBDy TIoTFsNPINsIM; I1PRI PREQOLLO
COMMON/PR/WIND o IMP PREDO120
COMMCN/FL/V oUDL ¢ TBD yCWDyWNDyUPD»DGL s TXCoPI,CV PRE Q0130
COMMON/EX/TFINyRK,I SK PRE00140
COMMON/LAST/VT,0LJ PREVOLS0
c PRE0O160
C COORDINATE TRANSFORMATION PREOO170
c PREQOL 80
TEND=1.D0/DFLOAT( IN=NP) PREOO190
SCAL=TFIN-T PRE00200
WRITE(8,14)EALL) +EAL2)4EBIL),EB(2) PRE00210
14 FORMAT(LH +4(D14.8+2X)) PRE00220
VT=V*SCAL PREJO230
ZINCL)=X(1)/VT+(EA(L)*EAC2)*(TFIN#T)/2.00)/V PRE00240
. ZINC2)=X(2) /VT+LEB(L)*EBL2)* (TFIN*T)/2.00)/V PRE00250
WIND=DATANZ((EB(1)*EBI2)*TFIN),(EA(L)+EA(2)*TFIN))-PI PRE00260
RHO=DSQRT(ZIN(L)**2+ZIN(2)**2) PREQO2T0
PHI=DATANZ2EZIN(2) o ZIN(1)) PREQULZBO
WRITE(8+9)RHO, PHI, WIND PRE0VV290
9 FORMAT (1H 28Xo"RHO® o12X o' PHI® g1 2X o *WIND ANGLE'/1H 42Xy 4(D14.8,2X)IPREQO 300
T15=0.00 PREDV310
5 125=0.00 PRE00320
| IMP=0 PKEQD330
; PS1=0.00 PREQO340
PS2=0.00 PRE00350
PSU=0.D0 PREQO360
POLJ=1.U10 PREJO3TO
PEFF=0.00 PREVO 380
DEFF=0 .00 PREJD 390
OEFF =0 .00 PRE 00400
IF(RHO .GE « 1.00) I MP=] PRE0D410
c PRE00420
C COMPUTE BANG-BANG CONTRCL ACCORDING TO L INEAR WIND MODEL PRE00430
] ¢ PRE00440
) CALL MGEU(RHO,PHI, EXoT1S,T25,U) PRE00450
IF(IMP.NE.1)GO TO 6 PREVO460
DET=VT*DSQRT(OLJ) PREQV4TO
IMP=0 PRE 004 80
\ IF(TEND .GE . T2S)DEFF=DABS ( (TEND=-T 25 )*U) PREQ0490
CPS1=TLS PREDI500
CPs2=T2S PRE00S10
cPU=U PREV0520
IF(IPRILEQ.L)GD TO 11 PREDO530
JIFLISK.EQ.1)G0 TO 12 PRE Q0540
' PREQ0550

us
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rILE: PRED FORTRAN P1

C COMPUTE BANG-BANG CONTROL ACCORDING TO CONSTANT WIND MODEL

c

ZINCL)=(XCL)eTXC(2)*SCAL)/VT
ZIN(2)= (X (2)+TXC(3)*SCAL )/VT
WIND=DATAN2 (TXC(3),TXC(2))-PI
RHO=DSQRT(Z IN( 1) **2+4Z IN( 2)**2)
PHI=DATAN2(ZIN(2),2IN(1))
WRITE( 8y 9)RHO,PHI » WIND
IF(RHD.GE.1.00)IMP=]

SP=TXC(1)

CALL MGEO(RHOPHI ySPoT1S5,T25,4U)
IF(IMP.NE.1)GO TO 6

I1MP=0

POLJ=VT*DSQRT(OLJ)

PS1=T1S

PS2=T25

PSU=U

THE BROWN BICENTENNIAL COMPUTER CENTER

PRE00560
PRE00570
PREQO580
PRE00590
PRE00600
PREOO610
PRE 006 20
PRE00630
PRE00640
PRE00650
PREQ00660
PRE00670
PRE00680
PREV0690
PREOO700
PREOO710
PREQO720
PREQU730

C
C COMPUTE BANG-BANG CONTROL ACCORDING TO LINEAR PLUS CONSTANT WIND MODELPREOO0T740

c
12

13
11

10

DSCA=SCAL *RK

RSCA=DSCA+T

REM=SCAL-DSCA
ZIN(L)=(XCL)+(EA(LD*EA(2)*(DSCA+2.00%*T)/2.00)*%DSCA+(EA(L)+EA(2)*
CRSCA)*REM)/VT
ZIN(2)=(X(2)+(EB(L)+EB(2)*(DSCA+2.D0%T)/2.00)*%DSCA+(EB(1)+EB(2)*
CRSCA)*REMI/VT

WIND=DATANZ(EB( L) +EBL2)*RSCAEA(L) +EA(2)*RSCA)-PI

RHU=DS QRT (ZIN(L)*%2+ZIN(2)%%2)

PHI=DATANZ2(ZIN(Z)y2IN(1))

WRITE(8y9)RHO,PHIyWIND

IF(RHO.GE«1DO)IMP =]

CALL MGEO(RHO.PHI yEXyTLS,T2S,VU)

IF(IMP NE.L)IGO TO 6

OLJ=VT*DSQRT(OLJ)

IFIT1S.GT.0.D0)NEFF=DABS (DMINL(TLS, TEND)*U)
IFCTENDGT o T2S JUEFF=DABS(( TEND-TZS )=V

WRITE(8,8)

FORMAT (LH oB8Xo*TL 915X T2 88Xy *CUNTROL® 9BX,*EXP MISS DISTANCE®)
WRITE(BsT)ICPSLsCPS2¢CPUIDET yPSLyPS29PSUSPOLITLIS»T2S,VU»0LJ
FORMAT(LIR 92X94(D14:892X)/1H 42X 94(L1@e892X)/1H ¢2X94(D14.8,2X))
IF(CPS]1.EQ.0.D00)GO TO 13 :

IF(T1S.EQ.0.,D0)GC TC 11

OEFF=DABSIUOMINL(CPSL,TENDI*CPU)

IF((OEFF oGE DEFF ) s AND. (OEFF «GE LPEFF ) )GO TO &

IF((PEFF .GE .OEFF) .AND. (PEFF .GE .DEFF))GO TOD 10

T15=CPS1

T25=CPS2

Us=CPU

GO TO 4

71 5=PS1

125=PS2

UsPSU

GO TO 4

PRE00750
PRE00T60
PRE00770
PREOO780
PRE 00790
PRE008O0
PRE00810
PRE00820
PRE00830
PRE 00840
PRE008S0
PRE00860
PRE00870
PRE008SO
PRE00890
PRE 00900
PRE0D910
PRE00920
PRE00930
PRE00940
PRE 00950
PRE00960
PRED0970
PRE 00980
PRE00990
PREO1 000
PRE01010
PREO 1020
PRE 01030
PREOL040
PRE0LOSO
PRE 01060
PREOL0TO
PRE0 1080
PRE01090
PREOL100
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FILE: PRED FORTRAN Pl THE BROWN BICENTENNIAL COMPUTER CENTER
L COMPUTE SWITCH TIMES,CUNTROL IN INERTIAL COORDINATE PREOL1110
C PREOL1120
6 TIR=TLS*SCAL+T PREO1130
12R=T2S%SCAL +T PREJLL40
UR=U/SCAL PREO1150
WRITE(8,2) PREOL1160
WRITE(692) PREOLLT7O
2 FORMAT(LHO ¢*THE SWITCH TIMES AND CONTROL ARE °*//1H 45Xy *T1',15X, *TPREOL1180
C2'%« 15X, %V /) PREV1190
WRITE(891)TLRyT2RyUR PREO1200
WRITE(69LITLIRyT2RyUR PREOL1210
1 FORMAT(LIH ,3(DL4.8,2X)) PREJO1220
G0 70 3 PREO1230
4 WRITE( 645) PREO1240
5 FORMAT(LHO,y 'THE FIRST GEOMETRICAL APPROACH FAILS') PREQL1250
GU TO o PREO1260
®E TURN PREOL1270
END PREOL280

b




FILE: MGEO FORTRAN P] THE BROWN BICENTENNIAL COMPUTER CENTER

SUBROUTINE MGEO(RHO yPHI,THETA9T1S+sT2S,USTAR) MGEOOQO10

C THIS ROUTINE COMPUTES A BANG-OFF-BANG CONTROL VIA A GEOMETRICAL MGE00020

C APPRCACH. THIS IS POSSIBLE ONLY WHEN THE PARACHUTE 1S WITHIN THE MGE00030

c UNIT CIRCLE. FOR THE CASE WHEN IT FALLS OUTSIDE THE UNIT CIRCLE, MGE00040

c A SECOND APPROACH 1S USED TO COMPUTE A BANG-OFF, OFF-BANGy BANG, MGE00050

c OR OFF CONTROL DEPENDING UN WHICH wOULO RESULT A MINIMAL EXPECTED MGEO00060

(5 MISS DISTANCE. MGEO00T0
INPLICIT REAL * 8 (A-H,0-1) MGE00080

OIMENSION R(2)+E(2) ¢Gl2)oF(2)sTSTAR(2),TSTARK(2920)9T1(2,20),T2(2,MGE00090
C20),U(2)9UMC2)4DIST(2) MGEO0100

COMRCN/ LAST/VT,0LY MGEOO110
COMMON/PR/SBETA, I MP MGEOO120
TWOPI=2.D0¢DARCOS(~1.00) MGEOO130
WRITE(B,3) MGE 00L 40

Nl=5 MGEOO150

(% MGEO0 160

C INITIALIZE BEST CONTROL sENERGY yBANG~CFF TIMES. MGE 00170

c NGEOO180

UST AR=0. DO MGEOOL 90

BETA=SBETA NGE00200
ESTAR=1.010 MGEO0O0210

T15=0.D0 MGE00220

125=0.00 MGEO0230

10=0 MGED0240
IFCIMP.EQ.1)GC TO 119 NGE 00250

i DO 19 NN=1,N1 NGE00260
i N=NN-(1eN1)/2 NGEV0270
; FN=DFLOAT(N) MGE 00280
: PSIN=TWOPI *F N~-THETA¢+BETA MGE00290
i IFIPSIN.EQ.0.D0) GO TD 19 MGEO003 00
: IF(DSINC THETA)-PSIN*RHO*DCCS (PHI ) JNE.O.DO) GO TO 7 NGE00310
; IF(1.00-DCOS(THETA)-PSIN®*RHO*DSIN{PHI) . NE.O0.DO) GO TO 7 NGE00320
IFLIABSIN) .GE.2) GO TO 19 MGEO00330
RCLI=1.00/PSIN NGE00340
i Vil)=PSIN MGE00350
E(1)=PSiNe®2 MGE 00360

(4 MGEOO370

C UPDATE BEST CONTROL » ENERGY . NGE00380

¢ : MGE 00390
JIFCESTAR.LT.ELL))GO TO 19 MGE00400
IF(ESTM.EQ.E(1))GD TO 103 MGEOO4L10

| ESTAR=E(L) MGE00420
| USTAR=U( 1) MGEQ0430
! 10=} NGEQO440
GO T0 99 NGE00450

103 1FIDABS(U(L)).GE.DABSIUSTAR) GO TO 19 NGEDO460
USTAR=U(L) MGE00470

10=1 MGE00480

99 WRITE(8,98) MNGE00490

98 FORMATELH o°TLsT20 o//1H oS5XKe®N® o TXe *PSEIN® o ATXe *RULI® 910X o *U( =)y LOMGEQOS500
IXe*E(L)*) MNGEOOS510
MRITE(8,25) NoPSINsRELI,VIL)GELD) NGEOOS20

23 FORMATILH 5X91295X94(014.8,5X)) NGE0O0530

60 70 19 NGEO0S540

c MNGEQO550




FILE: MGEO FORTRAN P1 THE BROWN BICENTENNIAL COMPUTER CENTER
c COMPUTE THE TURN RACIUS MGE 00560
C MGE00570
T A=PSIN*%2-2 ,00%(1.D0-DCOSCTHETA-BETA)) MGEO00580
B8=P SIN¢ RHO* (DS IN(PHI-THETA)-DSIN(PHI-BET A)) MGEO0590
C=1.00-RHO**»2 MGE00600
D=g*%2-A%( MGE 00610
IF(D.LT.0.00) GO TO 19 MGE00620
R(L)=(u+0SQRT(D) )/A MGEOO0630
R2)=(B-DSCRT (D) )/ A MGE 00640
IF(D.NE.0.DOQ) GO TO 15 MGE00650
J=1 MGEOV660
GO 10 8 MGE00670
15 Ji1=0 MGE00680
J2=0 MGE00690
IF(R(1)*PSIN.LE.O.DO) GO TC 5 MGE 00700
IF(R(1)*PSIN.GE.1.D0) GO TO 5 MGEOO710
Ji=1 MGEGO0720
5 IF(R(2)*PSIN.LE.0.DO) GO TQ 6 MGEO00730
IFIR(2)*PSIN.GE. 1.D0) GO TO ¢ MGEOQOT40
Ja=1 MGEOO0750
6 J=Jled2 : MGEOO0760
IF(J .EQ.0) GO TO 19 ‘MGEQ0OT770 -
1F(J.EQ.2) GO TO 8 MGE 00780
IF(J1.EQ.1) GO TO 8 MGEOO790
R(l)=R(2) MGEOQV800
(4 MGE 00810
c COMPUTE THE CONTROL, ENERGY, AND TURN ANGLE MGEOOB820
(4 NGEO0 830
8 00 9 I=1,J MGE00840
Vel )=1.00/R(1) MGE008 S0
ECI)=PSINRLI) MGE 00860
FUI)=(R(ID*(DSIN(THETA)-DSIN(BETA) )-RHO*0COS (PHI) )/ (1.00-R(1)*PSINNGEOOBTO
C) MGE00880
GLI)=(RUI)*(DCOS (BETA)-DCUS (THET A) )=RHO=DSINEPHI )) /1 1.00-R( I )*PSINMGE 00890
(] MGEOO090V
1FIF(1).EQ.~1.00) GO TO 10 MGEOQO0910
TSTAR(I)=DSIGNI1.00 ¢G( 1) )*DARCOS(F(1)) MGE 00920
G0 70 11 MGE00930
10 TSTAR(I)=DARCCS(F(I)) MGEO00940
1L Ki=1ABS(N)+]1 MGE00950
c MGE00960
c COMPUTE THE SWITCH TIMES MGEO00970
c MGEO00980
D0 12 KK=1,K1 MNGE 00990
IF(R(I)) 16916018 MGEOL1000
16 KsKK=1¢N MGEOLOLO
GO T0 20 NGEOL1020
18 K=Kk-1 MGE 01030
20 TSTARKLI oK) =TSTAR(I)*TWOPI®FLOAT (K) MGEOL1040
TACLoKI=RUIDS(TSTARKL I oK )=-THETA) MGEO1050
T2(1¢K)=1.00=-RIIV*(THOPISFN-TST ARK (1K )+BETA) MGEO 1060
BFETLH 1K) eLT.0.00) GO TO 12 MNGEOL10T0
IF(T201¢K)oGT.1.00) GO TO 12 MGEOL 080
L7 WRITE(Bo4) NoPSINoRUIDoTRAR oKD T200oK)oTSTARKE BoK)oUL Lo ELL) NGEO L1090
c MGEOL1100

e
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FILE:

MGEC FORTRAN PIL

C UPDATE BEST CONTROLENERGY,TIMES.

C

100

A2
9
19

IF(ESTARLTLE(1))IGO TO 12
IF(ESTAR.£Q.EC(1))GO TO 100
ESTAR=E(])

USTAR=U(])

TAS=T1(1,K)

T125=T12(1 4K)

10=2

GO TG0 12

IF(DABS(ULI)) .GE.DABS({USTAR) )GO TO 12
USTAR=U( 1)

T1S=T1 (1K)

T25=T2(1 4K)

10=2

CONTINUE

CONT INUE

CONT INUE

IF(10.EQ.0)GO TO 108
IF(ID.NE.1)GO TO 101

c
C PRINT OUT THE BEST CONTROLENERGYTIMES.

C
106
105

101
107

104
108

c

C THE
c

109

WRITE(8,106)

FORMAT({LHOs20X9*BEST CONTROL® 43X o*MIN ENERGY ¢/ )
WRITE(8y105)USTAR, ESTAR

FORMAT (1H ¢5X,°T1=T2°,10X,21014.8))

GO0 T0 102

WRITE(8,107)
FORMAT(LHO ¢8X 9" TL® 915X ¢*T2° 98Xy *BEST CONTROL *95X¢*MIN ENERGY?)
WRITE( By 104) TLSy T2S)USTAR (ESTAR

FORMAT (LH 92X94(D14.8,2X))

60 T0 102

iNP=])

FIRST GEOMETRICAL APPRUACH FAILS IF 1D0=0.

WRITE(8,109)
FORMAT( 1HO»°NO FEASIBLE BANG-OFF-BANG CONTROL EXISTS.®)

c
C START THE SECOND GEORETRICA APPRCACH

C
198

X1=RHO*OCCS(PHI)
X2=RHOSOSIN(PHI)

OLJ=1.D020

0SWl=0.00

0Sw2=0.00

00 115 N=1,5
BETA=SBETA+TWCPI *OFLOAT (N-3)
IFETHETA.EQ.BETA)GO TO 115

C
C COMNPUTE SINGLE SWITCH TIME AND CCNTROL

c

DCX=CCOS (THETA)
OSx=DSINITHETA)

THE BROWN BICENTENNIAL COMPUTER CENTER

MGEOL110
MGEO1120
MGEO1130
MGEO1140
MGEO1150
MGEOL160
MGEOL170
MGEO1180
MGEO1190
MGEOL1200
MGEOl210
MGEO L1220
MGEO1230
MGEO1240
MGEO1250
MGE 01260
MGEOLl270
MGEO 1280
MGEO1290
MGEO1300
MGEOL310
MGEO01320
MGEO1330
MGE 01340
MGEOL1350
MGEOL1360
MGEOL3T70
MGEOL1380
MGEV1390
MGEOD1400
MGEOL1410
MGEOL1420
MGEO1430
MGEO 1440
MGE 01450
MGEOL1460
MGEOL14T70
NGEOL1480
MGEO1490
MGEO1500
MGEOL1510
MGEO1520
MNGEOL1530
MGEO1540
MGEO 1550
MGE 01560
MGEOLST0
MGEO1580
MNGEOL1590
MGEOL1600
MGEO L6110
MGEO01620
MGEOL1630
NGEOL640
MNGEO1650




FILE: MGEC FGRTRAN Pl THE BRUWN BICENTENNIAL CUMPUTER CENTER
0CB=DCOS(BETA) MGEO1660
0SB=DS IN(DETA) MGEO1670
SBA=DSB-D SX MGEO1680
CoXx=0Cb-DC X MGEO169V

DIF=THET A-BETA

MGEO1700

DENCM=(1.00-(DSIN(DIF))/OLIF)**2+44.,00*((DSIN(DIF/2.00) )*%*4)/DIF **2 MGEOLl710
DISTL1)=({X2%DCB-X1*DSB+ (X 1*CBX+X2*SBX+1 .00-DCUS(DIF))/OIF)**2)/DEMGED1720

CNOM

MGEO1730

DIST(2)={ (XL*DSA=X2*DCX~ (X1 *CBX+X2*SBX=1.,00+0COS(DIF))/VUIF)*%%*2)/VEMGEOLT 40

CNOM

UM(1)=1.D0+X1*DCB+X2*DSB+(X]1 *SBX-X2*(BX-LS INCDIF))/DIF

MGEQL1750
MGEO1760

UM( 2)==-X1%0C X=~X2%D SX~( X 1% SBX-X2*CobX+OSIN(DIF)-(2.00-2.D0*DCOS(DIF)MGEQLTT0

C)ODIF)/DIF
D0 111 K=1,2

IFC(UM(K) e 6T c0eD0) cAND « (UM K) s LE .DENOM) ) GO TO 117

C
C MINIMAL MISS DISTANCE OCCURS AT BOUNDARY POINT
c

MGEOL 780
MGEO1790
MGEQO1800
MGEO18 10
MGEO1820
MGEOL1830

IFCCNOT((UMIK) eLE«OeDO) cORe(K<EQel))) OR((UM(K) .LE.O.DO).AND.(KMGEOL18B40

C.EQ.1)))GO TO 118
SWT1=1.00
SW12=0.00
UPJ=(X1-SBX/DIF)**2+(X2¢CBX/DIF)*»2
uB=-DIF
GO T0 1153
118 SWT1=0.00
SWT2=1.00
UPJ=(X1+¢DCB)**2+( X2 ¢DSB ) »%2
UB=0.00
GO TC 113
c
C MINIMAL MISS UDISTANCE OCCURS AT SWITCH TIME
c
117 UPJ=DIST(K)
IF(K.EQ.1)GO TO 116
c
C OFF-BANG CONTROL AND SwITCH TIME ARE COMPUTED
C
SWTl=0.,00
SWT2=UM( 2) /DENOM
UB=-DIF/ (1.00-SWT2)
GO 70 113
(%
C BANG-OFF CONTROL AND SWITCH TIME ARE COMPUTED
c
116 SWT 1=UM(1)/DENOM
SWT2=1 .00
UB=-DIF/SWT1
113 ROIST=VT*DSQRT(UPJ )
IF(UPJ.GE.OLJIGO TO 111
OLJ=UPJ
OSWl=SwWT1
OSHZ=5wT2
Ou=UuB
111 CONT INVE

51

MGEO1850
MGEO1 860
MGEO1870
MGEO1880
MGEOL 890
MGEQ1900
MGEV1910
MGE 01920
MGEOL1930
MGEO1940
MGE 01950
MGEOL960
MGEV1970
MGE 01980
MGEO1990
MGEV2000
MGE02010
MGE02020
MGE02030
MGE02040
MGE 02050
MGEO02060
MGEQ2070
MGEQ2080
MGE 02090
MGEV2100
MGEOZL10
MGE 02120
MGEO2130
MGEQ2140
MGEO2150
MGEO02160
MGEO2170
MGEV2180
MGEO2190
MGE02200




FILE: MGEO FORTRAN P1

115

102

CONTINUE
T1S=0Swl
T25=0SW2
USTAR=QU

THE BROWN BICENTENNIAL COMPUTER CENTER

MGEO02210
MGE02220
MGE02230
MGE02240

3 FORMAT(LHOOX "Ny 9Xe *PST N® s11Xe"R® 913 X9* TL®912X,"'T2° y6X¢ *THETA MGE0O2250

CSTAR K'oTXp'Wy13Xe'E*y/)
& FORMAT(IH ,S5X s1241 X,7(014.8,1X))
RETURN
END

MGE02260
MGEO2270
MGED2280
MGE 02290




