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ABSTRACT

Research is being conducted to develop flying qualities
criteria for Single Pilot Instrument Flight Rule (SPIFR) opera-
tions. Significant progress has been made with regard to most
of the key issues encompassed in the SPIFR research program.

The ARA aircraft has been modified and adapted for SPIFR opera-
tions. Aircraft configurations to be flight-tested have been
chosen and matched on the ARA in-flight simulator, implementing
modern control theory algorithms. Mission planning and experi-
mental matrix design have been completed. Microprocessor soft-
ware for the onboard data acquisition system has been debugged
and flight-tested. Flight-path reconstruction procedure and
the associated FORTRAN program are at a f£inal stage of develop-
ment. Work has begun on algorithms associated with the statist-
ical analysis of flight test results and the SPIFR flying

" gqualities criteria deduction.



PREFACE

This investigation is being conducted by the Flight
Research Laboratory at Princeton University, Princeton,
New Jersey under Contract No. NAS1-15764 for the NASA Langley
Research Center. This is the first annual technical report,
and it reflects the SPIFR research effort through May 1981.

The principal investigator for the study is Professor
Robert F. Stengel. He is assisted by W. Barry Nixon, senior
technical staff member, George E. Miller, technical staff
member, Aharon Bar-Gill, graduate student, Thomas 0. Williams,
technical staff member, Barton C. Reavis, technical associate
and electronic technicians Louis Pokrocos, Thomas Frobose and

Karl Thomas.

Use of commercial products or names of manufacturers in this
report does not constitute official endorsement of such products
or manufacturers, either expressed or implied, by the National
Aeronautics and Space Administration.
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1. INTRODUCTION

1.1 BACKGROUND AND GOALS

This investigation of Single-Pilot Instrument Flight
Rule (SPIFR) flying qualities criteria focuses on General
Aviation (GA) operations. General Aviation plays an important
role in this nation's transportation network (there are about
200,000 active GA aircraft,with the projected number for 1990
being about 300,000), but the difficulty of piloting and the
inherent hazards associated with the SPIFR flight regime pose
obstacles to continued growth of this mode of transportation
(Ref. 1).

An important effect which contributes to an increased
hazard for SPIFR operation is the low-frequency dynamic response
of a GA aircraft, which does not have to comply with any federal
aviation regulation (Ref. 2). As a result, most contemporary GA
aircraft have, at best, a marginally stable phugoid mode which
may become divergent under wind shear conditions (Ref. 3). This
dynamic response problem generally can be coped with under VFR
conditions, although it increases pilot's workload significantly.
In typical commercial flight, the IFR workload is shared by two
pilots; however, GA IFR flight often is controlled by a single
pilot. Airframe dynamic deficiencies, finite capabilities of
the human operator, and the often limited capabilities of communi-
cations and navigation equipment available in typical GA air-
craft compound the flight problem under SPIFR conditions.

Prior research has addressed separately various issues,
which coupled together, result in this unique flight mission/
regime. For example, Ref. 4 and 5 look into the dynamic response



characteristics of GA aircraft, Ref. 6 presents the effect of
advanced cockpit controls and displays, and Ref. 7 addresses
the pilot workload issue. The SPIFR research initiated by
the Flight Research Laboratory (FRL) at Princeton University
is an integrated theoretical and flight test program, whose
principal objectives are:

e To pursue the trends revealed in previous research,

® To develop new methodologies for analysis of
complete‘SPIFR missions, :

'@ To obtain statistically significant flying quali-
ties criteria for single-pilot instrument flight
operations.

1.2 ORGANIZATION OF THE REPORT

Chapter 2 describes the preparation of the ARA for
SPIFR mission flights and the onboard experimental setup == in
particular, the hardware and software aspects associated with
the data acquisition process. Chapter 3 presents theoretical
aspects of the SPIFR research, including modern estimation
and control theory algorithms for in-flight simulation and
flight path reconstruction. Chapter 4 refers to preliminary
flights and to the post-flight data preprocessing procedure
verification. Conclusions are contained in Chapter 5. The
four appendices contain additional theoretical derivations,

program listings for onboard and post-flight processing,
description of computer systems employed in this research, and
the hardware scheme of the unique DME integration into the SPIFR

experimental setup.



2. AIRCRAFT AND DATA ACQUISITION SYSTEM PREPARATION

This chapter describes the preparation of the in-flight
simulator and of the onboard digital data acquisition system for
SPIFR flight testing. Extensive engineering and technical effort
was required for aircraft modifications and rewiring, for new
avionics system installation, and for onboard experimental setup
integration. The results of this effort are summarized in the

following sections.

2.1 AIRCRAFT SYSTEM MODIFICATIONS

The Avionics Research Aircraft (ARA) is a Ryan Navion
(N5113K) that has been modified into a fly~by-wire (FBW) , wvari-
able-stability aircraft (Fig. 2-1). It is capable of simulating
a variety of other aircraft using feedback control and command
augmentation. The ARA is equipped to measure attitude, angular
rates, and linear accelerations in three axes, aerodynamic angles
(6, B), airspeed, altitude, and a number of other flight variables.
Details of the ARA FBW system can be found in Ref. 8.

The evaluation pilot is to fly a SPIFR mission with the
ARA responding as a desired configuration. In an emergency, the
safety pilot can override the FBW system and take direct control
of the aircraft, (Fig. 2-2).

To be used with the SPIFR program, the ARA had to under-
go extensive modifications: ’
e Design and installation of a modular instrument
panel. '

e Acquisition and installation of a modern navigation/
communication instrument package.

e Addition of secondary workload devices in the cockpit.



Figure 2-1. Avionics Research Aircraft, Navion N5113K.
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Figure 2-3 illustrates the ARA's modular display panel
configuration, with the evaluation pilot's -station on the left,
the safety pilot's station on the right, and the Bendix BX-2000
navigation/communication stack separating the two. The Distance
Measuring Equipment (DME) readout is mounted on a switching
panel at the top of the radio stack. The Very-high-frequency
Omni-Range (VOR) navigation/communication unit is located under
the switching panel. The blank space below this unit is
reserved for the Automatic Direction Finder (ADF) and for the
transponder.

The DME unit has been integrated into the onboard ex-
perimental setup, maintaining the capability to sequence the
available navigational stations automatically (through.micro—
processor control). The importance of this option is discussed
in Section 3.5. The technical implementation details are pre-
sented in Appendix D.

The safety pilot's panel is a permanent fixture, with
conventional instruments and elements for control of the vari-
able—stabiiity system. The latter occupy the right side of
the panel and the lower and middle consoles. The evaluation
pilot's panel can be removed as a unit to facilitate installa-
tion of alternate panels for other investigations. Secondary
workload meters, lights, and switchesialso have been added to

the panel.

The secondary workload meters are additional instru-
ments slaved to the onboard microprocessor, which occasionally
forces the needles into their "red zones". The evaluation

pilot is instructed to keep them- "green". Alternately,
the pilot can be asked to extinguish lights turned on (pseudo-
randomly) by the microprocessor program. It is also possible to



Figure 2-3. Cockpit Displays of the Avionics Research Aircraft. Modular SPIFR
Evaluation Pilot Panel at Left.




simulate typical communications workload by blending audio
inputs from a pre-recorded tape with specific instructions
radioed from the ground on the flight test frequency.

2.2 INSTRUMENTATION AND DATA RECORDING SYSTEM

The SPIFR digital data acquisition system is illustrated
in Fig. 2-4. It is built around the SPIFR microcomputer, which
uses the Z-80A central processing unit and the Am9511 mathema-
tics processor in a MultibusTM architecture. As currently con-
figured, the SPIFR microcomputer contains 48K bytes of RAM (ran-
dom access memory) and 16K bytes of PROM (programmable read-only
mémory). It accepts 32 analog inputs and produces 6 analog
outputs.

The ARA's safety pilot communicates with the SPIFR
Microcomputer through a hand-held control/display unit (CDU),
the Termiflex HT/4. The pilot is able to start and stop pro-
cessing or recording through the CDU, change stored numerical
values, and so on. Conversely, the CDU can display internally
triggered error messages to the safety pilot. The evaluation
pilot normally is unaware of the SPIFR Microcomputer's operation,
other than throughiseCOndary workload stimuli and responses.

Analog and digital inputs and outputs shown in Fig. 2-4
are, for the most part, self-explanatory.. Tables 2-1 and 2-2
contain lists of inputs and outputs. The SPIFR Microcomputer
obtains its analog inputs from the Digital Avionics Research
System (DARE) junction box (J-Box) previously installed in the
ARA for another Langley Research Center program. Thus, there
is a high degree of “plugvcompatibility“ between the SPIFR and
DARE programs. '



CONTROL/DISPLAY
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Figure 2-4.

SPIFR Digital Data Recording System.
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Analog Inputs

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
le6.

TABLE 2-1
Input Assignments For
SPIFR Digital Data Recording System

Control Column Angle

Throttle Setting
Flap Command
Angle of Attack
Pitch Angle
Pitch Rate
Airspeed

Control Wheel Angle

Foot Pedals
Sideslip Angle
Roll Angle

Yaw Angle

Roll Rate

Yaw Rate

Pitch Trim
Roll Trim

Digital Inputs

1.
2.
3.
4.
5.

DME Distance
VOR#1l Frequency
VOR#2 Frequency
DME Frequency
Time

10

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

6.
7.
8.
9.
10.

Yaw Trim

Normal Acceleration
Axial Acceleration
Lateral Acceleration
VOR#1l Azimuth

VOR$#2 Azimuth

Glide Slope Elevation
MLS Azimuth

MLS Elevation

Radar Altitude
Barometric Altitude
Stick Force (3rd Year)
Simulated Turbulence Level
Landing Gear

Wind Shear

System Engage

Barometric Altitude

ADF Bearing

Variable-Stability System Status
Pilot Mode Switches (8)

Avionics System Status (8)



TABLE 2-2

Output Assignments For

SPIFR Digital Data Recording System

Analog Outputs

1. Secondary workload meter #1
2. Secondary worklcad meter #2
3. Secondary workload meter #3

Digital Outputs

1. DME tuning
2. DME station indicator
3. Pilot workload lights

Il

4.
5.
6.

Spare
Spare

Spare

Avionics System status
lights

Tape recorder



A presampling filter (16 Hz break-point frequency) has been
introduced for each analog channel to filter out the engine-

vibration-induced noise.

Figure 2-4 also illustrates the digital radio tuning
feature that will be put to use during the second phase of the
project. Error budget analyses conducted during the first
phase confirmed the superiority of DME over VOR for position
fixing, even at the short ranges to be used in our flight tests.
Consequently, it is advantageous to substitute multiple DME
measurements for VOR measurements in flight data reduction.
The BX-2000 DME unit can acquire and lock on a new station in
considerably less than one second; this feature will be used
in DME-only "round-robin" position fixing for flight path de-
termination.

The digital tape recording unit is the Hewlett Packard
(HP) 2644 terminal, which houses two DCl00A magnetic tape
cartridge drive units. Its built-in memory enables transition
from one cartridge to the other without losing any information.
Such a pair of cartridges has a storage capability of about
220K bytes, which is more than enough for a complete SPIFR

mission run.

To accomodate the complete experimental setup, a pallet
to fit into the ARA-aircraft behind the pilots' seats has been
designed and built by the FRL technical staff. It weighs 215 1b.

and uses the same mounting brackets as the DARE pallet.

2.3 SOFTWARE DEVELOPMENT

The SPIFR program focuses on the low-frequency dynamic

response of the airframe and on navigation-related information,

12



whose rate of change is low as well. On the other hand, as
discussed in Section 3.5, simulated SPIFR flight duration has
to be about 30 min, during which all the data channels have to
be recorded at least every second. Thus, the main objectives
of the onboard software design are to:

o Sample the analog data at a high enough rate to
avoid aliasing.

® Compress the high frequency data so that the
most significant flight test information can be
recorded efficiently with minimal error.

® Trigger preprogrammed sequences of the secondary
workload devices (lights, dummy meters).

® Enable the safety pilot to operate the data
acquisition system via the hand-held CDU.

The information recorded in f£light can be separated
into "slow" and "fast" variables. The "slow" variables are
principally the positional measurements, which can be sampled
once per second with minimal aliasing effect. The "fast" vari-
ables -- for example, angular rates and linear accelerations --—-
are sampled 10 times per second. For the sake of data compac-
tion, they are averaged and recorded once each second. The
simple averaging process is analogous to "low-pass" filtering.
Thus, low-frequency information is passed with little modifica-

tion, while high-frequency signals are attenuated.

The HP 2644's recording format uses 16-bit binary words.
The SBC 732 A/D board is designed to £il1l in the 12 left-most
bit positions of a 16-bit field, and an appropriate shift is
performed to comply with the standard output format. Appendix B
contains additional detail with regard to the software aspects
of the SPIFR onboard data acquisition system, plus the complete

listing of the microprocessor assembly program.

©13



3. THEORETICAL ASPECTS OF EXPERIMENT
DESIGN AND FLIGHT PATH RECONSTRUCTION

This chapter starts with the presentation of the 6-DOF
dynamic model of aircraft motion, as it is applied in the sub-~
sequent sections. Section 3.2 discusses the output command
algorithm and its implementation to set up a priority list of
aircraft configurations to be simulated in the first SPIFR flight
test series. The experimental matrix design, based on statistical
reasoning, follows in Section 3.3; the application of the
chosen configurations on the ARA-in-flight simulator, via the
implicit model following algorithm appears in Section 3.4. SPIFR
mission planning (Section 3.5) is based mainly on mathematical-
statistical modeling of the en-route navigational errors,
Finally, the algorithm for post-flight optimal smoothing and
flight path reconstruction is presented in Section 3.6.

3.1 AIRCRAFT DYNAMIC MODEL

The general formulation of a nonlinear dynamic model

of a system is:
x = £ (x,u) (3-1)

where x is the state vector and u is the control vector. The state
vector x used here contains three components each of translational

rate (u,v,w), translational position (XI, Yrir zI), angular rate

(ps 9, r) and angular attitude (¢, 6, ¥). Both body and in-
ertial axis frames are taken right-handed and with z pointing
downward.. The translational rate eguation of the aircraft mathe-

matical model is:

» - B
.= . 3=-2
zaJ.r EB + Qzalr + HIEI ( )

14 .



The airspeed, expressed in body axes,is:

V.. = [uvw® | (3-3)

Acceleration, expressed in body axes, is:

a, = [a_a_a ]T (3-4)

0 -q
5 &l-r o o (3=5)
g -p 0

The gravity vector in an assumed local level/local north

inertial axis system is:

g, £ 100 g1" (3-6)

The transformation matriX‘H? from inertial (I) to body
(B) axes, with [¢ 6 ¢] Euler rotations in the specified

order, is:

' cuco spco 8 |
Ho £ | cysoso-sics sysosO+oycd cosé (3-7)
cysbco+syPsod swsec¢—c¢s¢ c6c¢J
where ]

15



s()
c()

sin( )

(3-8)

>

cos( )

The second equation of the aircraft motion 6-DOF mathe-
matical model describes the transformation of body-axis rates
to Euler angle rates, and it is

9 P
° I
= 3..=
8 Lg q (3-9)
b r
where
cf® s0s¢ s@co
T4l - 3-10

LB =3 0 clco cOs¢ ( )

0 s¢ cé

The third aircraft equation combines the effects of airspeed

v and of the wind vector ﬂI (expressed in inertial axes) to

—air
compute translational rate:

I

Zr HpVair + ¥y (
where Xs is the position vector expressed in inertial axes:
A T
= 3-12
xr = [xp vy 2] (3-12)
Based on the orthonormality of H? in eq. (3=7):
I B,~-1 B, T
= = 3-13
Hy (H,) (H]) ( )

16
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The airspeed absolute value is:

2 2 2)1/2

|V il = @+ v +w (3-14)
The angle of attack is given by:

a = tan " (%) | (3-15)
The sideslip angle is:

8 = tan ' () (3-16)

The definition of the aerodynamic angles with respect to body
axes is compatible with the actual measurement mechanization
in the ARA.” Assuming that the origin of the inertial frame
is at sea level, the altitude h is:

(3-17)
The acceleration vector a, of eq. (3-2) and (3-4) reflects
the effect of aerodynamic and thrust forces, which act on the

airframe. For example, the linearized version of eg. (3-1) for

the longitudinal case is:

L ] r ]
A
u Xu Xw Xq Au. XSE XGT XGF ASE
= + (3-18)
Aw :
w . Zu Z, Z, Aw Zsg Zsp Bsp AST
A ASFE
| ~9 ] | 2%

The control vector here isg:

* The sideslip angle definition differs from the conventional
definition, which is:

. =1/ v
e ),
—air
17



u = [ASE AST ASF]T - (3-19)

where 0E is the elevator deflection, 8T is the throttle travel

and S§F is the flap deflection.

To complete this illustration of aerodynamic and thrust
effects within the context of longitudinal dynamics, the

pitch moment (about the center of gravity of the airplane)
equation must be introduced:

Agq = MuAu + MwAw + Mqu + M EAGE + M TAST + M FASF (3-20)

$ $ S

Combining eq. (3-18) with eq. (3-20) and fully accounting
for the physical effects reflected in eq. (3-2) to (3-10), we obtain:

Au Xu XW -W+X§ -gcH Aul XGE XST XsF ASE
Aw Zu Zw u+zq -gsf Aw ZSE ZGT ZSF
= ! + AST] (3-21)
Ag Mu Mw Mq 0 Agq MGE MGT MGF
Y] 0o 0 1 0 AB 0 0 0 ASF

Equation (3-21) is of the form of a state equation:
Ax = F Ax + G Au , (3-22)

where F is the state matrix and G - the control matrix.

3.2 CANDIDATE SPIFR CONFIGURATIONS VIA THE OUTPUT COMMAND
ALGORITHM

The basic assumption underlying the following derivation

18



is that if a configuration requires large state and control
variations to retrim from one nominal SPIFR flight equilibrium
to another, it may also be problematic for the pilot.* Thus,
to pick the candidate configurations for SPIFR in-flight simu-
lation,we first choose initial configuration parameters and
flight equilibrium. Then we examine the required variations
in state and control variables, which correspond to various
retrimming requirements. The retrimming requirement may be
formulated in terms of flight path variables, e.g., variation

in airspeed AV* or in flight path angle Avy*.

The mathematical formulation uses the output command
algorithm (Ref. 9). The following output equation is added
to the state equation eq. (3-22):

Ay = H Ax + H Au (3-23)

where Ay represents the required retrimming flight-path vari-
ations. An ideal transition to the new flight equilibrium

is assumed:

(=]
]

FAx* + Ghu*
(3-24)

= * *

where ()* symbolizes the steady-state variations in state and

control that correspond to Ay comm.

As shown in Ref. 9, the solution to eqg. (3-24) is:

%*
As used here, a configuration is a set of aerodynamic co-

efficients which characterizes the dynamic response of the
aircraft.
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1

Ax” = - F @GS Ay oo (3-25)
*
Mut o= s Ay (3-26)
where:
s = (—HXF-]'G £ Hu)_l (3-27)

As a result of application of the output command algorithm,
variations in the following aerodynamic parameters have received
priority in the context of SPIFR flight testing:

a) X, 2_ s 2, ;M

r Mg

Stability and control derivatives to be varied in the
flight tests fall into two categories: those that affect only
trim and those that affect both trim and stability. Control
derivatives (list in (b) above) fall into the first category
because, as demonstrated by eq. (3-21), they appear in the
control matrix G, thus affecting Ax* and Au*. Stability de-
rivatives (list in (a) above) fall into the second category
because they appear in the F matrix, thus affecting both trim
and stability.

The ranges of variation of the aerodynamic parameters
must reflect the trends in GA aircraft design. These are dis-
cussed in the context of the experimental matrix design in the
next section.

3.3 EXPERIMENTAL MATRIX DESIGN
The high-priority list of configurations of the previous
section has been limited to seven configurations,as we must

tradeoff between:
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Number of configurations to be flight-tested.
Number of replications of SPIFR mission with a given
configuration {important for statistical soundness).

Number of evaluation pilots.

All of this must be done under the constraint of about 25

flight hours.

These tradeoff considerations resulted in the following:

e 15 configurations (nominal ARA and plus/minus
variations of each of the 7 coefficients).
Two test pilots plus one GA pilot.

e Numbers of replications are shown, along with all the
other information relevant to the experimental matrix,
in Table 3.1. The pluses and the minuses to the
right of the numbers of replications describe how many
positive and how many negative parameter variations
(with respect to nominal) are simulated for each of
these numbers.

Parameter to Test Test GA Number of
be varied pilot 1 pilot 2 pilot mission runs
Nominal 2 2 2

X, 2+ 2+ 3++

Z, 2+ 2+ 3++ 7

M 2+ 2+ 3++ 7

Z, 2+ 2+ 3++ 7

Mg 2+ 2+ 3++ 7

Zsg 2+ 2+ 2+ 6

ZCST 2+ 2+ 2+ 6

Sum = 53

Table 3.1: Experimental Matrix for the First SPIFR

Flight Series.
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The ranges of the variations in the aerodynamic para-
meters are intended to reflect possible trends in GA air-
craft design. For example, if the design goal is a configura-
tion with a shorter body, an increase in elevator area may be

required in order to preserve its moment effectiveness MSE

Such an area change may affect the vertical force sensi-

tivity of the elevator AZ@E<0° On the other hand, introduction

of a canard control surface may result in Z6E>0' Another

example may be of a configuration design that features a
high wing for improved cabin visibility and wing-mounted
shrouded propellers for increased thrust. As a result Mu and
MST may be affected by the variations in the aerodynamic

forces and the moment arms.

3.4 IMPLEMENTATION OF SPIFR CONFIGURATIONS VIA IMPLICIT-
MODEL-FOLLOWING ALGORITHM

The chosen SPIFR configurations are implemented on the
in-flight simulator via the implicit-model-following algorithm
(Ref. 10). State equations of the type of eqg. (3-21) may be
written for the nominal ARA configuration (subscript ARA) and

for the configurations to be simulated (subscript M),

2apa = Fara®XapatCaralUara (3-28)
AEM = FMAEM + GM Au (3-29)

Our objective is to obtain the control vector Au, ...
which will make the ARA respond as the required configuration.

The perfect model following condition is:
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AZppa = Axy (3-30)

Substituting eq. (3-28) and (3-29) into eq. (3-30) and
rearranging:

Mapy = Chpal Py Fags) oy + Gybuy18
= Cglx,pa + Cplhu, (3-31)
where:
S NN i (3-32)
Eq. (3—30) renders:
Dtamn = Ly | (3-33
Thus, AéARA is the solution of eqg. (3-29). A block diagram

of the derived algorithm is presented in Figure 3.1.

M  ~— — — - — == = 7
Auy 'Au g ~2%ara AXy =B pa
—— Cp | G ra 1 -
PILOT | = l

| |
l (F oo
Vo T _
Cs

Figure 3.1. Block Diagram for Implementation of a SPIFR
Configuration on the ARA In-Flight Simulator.
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3.5 EFFECTS OF NAVIGATIONAL ACCURACY AND THE "LEARNING
CURVE" EFFECT ON MISSION PLANNING

To simulate realistic SPIFR conditions, the mission has
to contain several typical flight-path segments, including

Climb, acceleration and cruise with airspeed retrimming.
Holding pattern.

Deceleration and descent.

Localizer and glide slope interception.

Approach and missed-approach go-around.

Also, a realistic VOR-radial navigation should consist of

at least once switching navigational stations in the "TO"-
mode and of a leg in the "FROM"-mode. The above consider-
ations roughly size the SPIFR mission simulation to a minimum
flight duration of about 30 minutes and the geometry shown

in Fig. 3-2.

One problem associated with deciding the flight path
geometry is the "learning curve" effect. The "learning curve"
is the ability of a human being to improve his performance by
taking advantage of past experience. Flying all missions along
the same trajectory invokes memorization by the pilot,reducing
the navigation workload to a level unrealistic for a SPIFR-type
mission. To cope with this issue, additional flight path
variants have been devised (Fig. 3-3, 3-4, 3-5). All variants
are of comparable structure and flight duration.

The other problem associated with the decision of flight
path geometry is navigational accuracy. Conclusions of the
following discussion with regard to this issue have been imple-
mented with the SPIFR missions of figures 3-2 to 3-5 and, as will
be shown, they also contribute to post-flight flight-path re-

construction accuracy improvement.
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The standard navigational modes for GA are VOR/VOR,
VOR/DME and DME/DME. At least two navigation stations are
required to achieve a horizontal "fix" of the aircraft's
position. With proper geometry any of these combinations
can provide a fix; however the accuracy of the fix is subject
to several factors. The accuracy requirements have been
imposed by the Federal Aviation Administration (FAA), and
their numerical values appear in Ref. 1l1.

G E (o} = 1.90
VOR (3-34)

c, =0

R DME .15% range or .1 mile:

whichever is larger

These navigational errors are with respect to a single
ground station. The position errors associated with a naviga-
tional mode have to be computed accounting for the Geometric
Dilution of Precision (GDOP) effect. GDOP is an inaccuracy
due to the nonperpendicularity of the lines connecting the
aircraft with the engaged stations.

Applying analytical geometry to the typical situation de-
picted in Fig. 3-6 and assuming that the two navigational-

STATION 2 N P STATION 1

1a
Figure 3-6. Ground Stations Engagement in the VOR/VOR
or the DME/DME Modes.
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stations' errors are statistically uncorrelated, we obtain:

2,1/2

o =(1/s8) [ci + 02 (3-35)

The 1/s6 term reflects the GDOP effect. For angles
between radials in the wvicinity of 8 = 0° or 6 = 180°, the
position error becomes very large, becoming infinite in the
limit. To improve position accuracy using two similar ground
stations while flying a given leg, it is desirable that the
stations ‘be as nearly perpendicular as possible. For VOR/VOR,

eqg. (3-35) can be rewritten as,

ao
o = —¥ (1+s26)1/2 (3-36)

vg sze
For DME/DME, eq. (3-35) becomes
o = V2 o /s8 (3-37)

Numerical values of eg. (3-34) and dependence of GVOR/VOR\

on the sin26 suggest that this navigational mode

is much less accurate than the DME/DME mode. For example,

at a range of 50 miles from both stations and for 6 = 30° the
VOR/VOR error is 2.71 miles, while the DME/DME error is 0.28.
miles and the results favour the DME/DME pairing at greater
ranges. Based on this observation and on the feasibility of
microprocessor-controlled sequential engagements of several
DME stations, this technique will be employed to improve the
flight path reconstruction accuracy. In particular, this
accuracy improvement may be achieved by making use of redundant
measurements, while applying the optimal Kalman filtering/

smoothing algorithm.
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3.6 OPTIMAL SMOOTHING OF FLIGHT-TEST RECORDS AND FLIGHT-
PATH RECONSTRUCTION

One way to smooth flight test records is to pass the
data through a filter, which chops off the high frequency
content of the recorded information. A better way is to
account for the particular system's dynamic characteristics.
This can be done applying the extended Kalman filter algorithm.

For post-flight analysis, even higher accuracy may be
achieved by accounting for the "future" information. This
improvement is obtained by using an optimal smoothing
algorithm. An additional advantage of this algorithm is that
it estimates flight path variables that have not been
measured directly. Thus, smoothing and flight path reconstruc-
tion are obtained via a single algorithm implementation
(as in Ref. 12, 13). For this application we need the system
state eg. (3-1), which constitutes a concise representation
of eg. (3-2) to (3-13),

x = f (x,u) +w (3-38)

and the measurement equation,
z=h (xu) +v (3-39)

which stands for relationships of the type of eq. (3-14) to
(3-17) . Equation (3-38) differs from eq. (3-1) by the addi-~
tional term w, which is referred to in the literature as
"process noise". The vector v in eq. (3-39) is the "measure-

ment noise".

Equations (3-18) to (3-31) need not be used in the post-
flight optimal smoothing and flight-path reconstruction be-
cause the accelerations ag
(3-2) to (3-17) constitute a kinematic model, as they do not

reflect the dynamic mechanism by which ag

are measured directly. Equations

is actually produced.
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The differential eguations of the kinematic model (3-2),
(3-9) and (3-11) constitute the "state model" and the algebraic
relationships (3-14) to (3-17) the "measurement model". Even

without accounting for the a, -producing-mechanism, the kinematic

model is nonlinear and high-gimensional. Thus, it is more
efficient to tackle it in two steps. This is made possible by
the fact that the SPIFR expefimental setup records both [p g r]T .
and [¢ © w]T. The first step is to smooth these six measure-
ments. Treating all six as state variables and using eqg. (3-9)

we may writes:’

Y
Lo
]

no
P
—3 n.
! g
STATE r = n;
MODEL A < . (3-40)
¢ = p+tan B (so*g+co*r)
6 = co*g - sé*r
A N *, %
L w—ce(SCP q+cd> ]'.‘)
MEASUREMENT _ _
MODEL A { Zp T HpXp T Y, (3-41)

The state vector for model A is:

2, = [paro¢b nk (3-42)

The process noise vector (with né, né and n. random and unknown

angular acceleration inputs) is:

— L] L i d T -
Wa = [np ne g 0 0 0] (3-43)
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The measurement noise vector for model A is:

v. = [n n n n, n

T p Uq Br By e Pyl (3-44)

v

The measurement vector 2z, in (3-41) contains the measured values

A

of x Thus, the observation matrix Hy is an identity matrix.

Before elaborating on the optimal smoother algorithm imple-
mentation based on eqg. (3-40) and (3-41), the kinematic model for
the second step is now derived. We assume that the time
histories,

p(t), alt), r(t); o(t), 8(t), ¥(t) (3-45)
and the associated matrices,
HB(t) ’ HI(t) r w(t) (3-46)

are given, having completed the first step. The 6-component
state vector for the next step is,

X. = [x u v w]T (3-47)

B Y121

and the 6-component input vector is,

A A A AN T
u, = [wXIWYIwZI(ax seg)(ay+c6s¢g)(ax+cec¢g)] (3-48)

The input vector contains components of the true wind and
accelerations, wo and ag- In this context, the actual values
of these measured variables are interpreted as inputs and

their measurement inaccuracies as process noise*:

* Appendix A presents an improved wind model.
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w, = [000n n n 1 (3-49)

—B ax ay az

Unlike the first step, in which the Xp

been smoothed optimally, this step reconstructs the X

components with eq. (3-2) and (3-11) constituting the state
model B:

components have .

r X Fu w__ .
I XI

. _ AI
YI = HB(t) vy + WYI
z W W

STATE - L L4 Lizg (3-50)

MODEL B 4 |, n
B A u ax—seg nax
v = w(t) v] + ay+c6s¢g + naY

v WJ az+c8c¢g n,

- L n

Equations (3-14) to (3-17) plus VOR and DME measurement
equations constitute the measurement model B:

( - (2,2, 2.1/2
lyéirl (0" +vT+w") +n
o = tan—l(ﬂ) + n
. u o 3
MEASUREMENT L -1,v
wopeL B ) P T tam T(g) +ng
(3-51)
h = -z + n,
_ _ 2., 2 _ 2.1/2
“DME_, © DORp=x ) "+ (Y pmyg ) (272 ) 71 Ty,

= +a Lr(v - -
LGVORSi =t TL{ypmYg) /(XX ]+ ngop
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where si symbolizes the distance r or angle 6

DMEsi VORSi
being measured with respect to navigational station i. The
measurement noise vector is:

T
n

1

v, = [nV n,n (3-52)

Y5 g "n "pME, "DME, "*° "WOR, nVORz”"]

Estimates of measurement biases and scale factor errors
may be obtained at the expense of significant increase in state
vector dimension. Such an increase in dimension may affect
not only the computing cost but also the computational

accuracye.

Examination of eqg. (3-40) to (3-51) shows that both models
A and B are nonlinear. Thus the extended Kalman smoother
algorithm has to be applied (Ref. 14). This algorithm is
implemented as a combination of forward- and backward-running
Kalman filters. The extended Kalman filter algorithm con-
stitutes an adaptation of the linear Kalman filter theory to
nonlinear situations. It propagates the nonlinear dynamic
model between measurements and utilizes a locally linearized

model for the measurement updates.

The following is the discrete formulation of the extended
Kalman smoother algorithm, applied to the dynamic model of the
system, which constitutes of the state model (eg. (3-38)) and
measurement mgdel (eg. (3-39)). The propagation of the esti-
mated states x and of the state covariance matrix P between
measurements, for forward filtering uses

x(t) = £[x(£),u(t)] (3-53)
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where Q is the process noise covariance matrix and & is the
transition matrix obtained after local linearization of eq.

{(3-38) into:

= F§A+ Gu + Lw (3-55)

[X e

- In order not to create inaccuracies due to numerical differ-
entiation, analytical derivation of the Jacobian: matrices.

(F, G and L) has been carried out for both models A and B;

this is documented in Appendix A. The Kalman gain matrix

for forward filtering is,

K, = P (E[H P (-)E + R (3-56)

where R is the measurement noise covariance matrix and H is

obtained by local linearization of eq. (3-39) as

2 = Hx+ v (3-57)

State and covariance updates account for measurements

as

x (H) = xz(t) + ka_z_k - b (x(£)] (3-58)

Pk(+) [I-Kka]Pk(—) (3-59)

where x(t) is obtained by integration of eq. (3-53) from tk-l

to tk.
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The filter processing of the raw data renders the state
estimates before the measurement update gk(-)zg(t) and after
the measurement update x (+) and the associated covariance
matrices Pk(—) and Pk(+). The smoother algorithm uses this
information as input and running backwards in time produces
the improved estimates of the states %k/n and of the covari-
ance matrix Pk/n' The first step is the computation of the
state matrix Fk:

F = £lx, (+)] (3-60)

The state matrix is used to calculate the state transition
matrix @k. The state transition matrix and the input covari-

ance matrices render matrix Ak:

-1

ag () (3-61)

- T
A, = Pk(+)<I>k P

k
Using the input state estimates §k(-) and %k(+) and the
associated covariance matrices Pk(+) and Pk(—) along with Ak’

the smoothed and reconstructed states x / are obtained:

=%k/n
Z/n " Ek(-'-) + Ak[>—<k+l/n = Epi (-)1] (3-62)
= _ _ T _
Pk/n = Pk(+)v+ Ak{Pk+1/n Pk+l( )]Ak (3~63)

This complete optimal estimation algorithm, which per-
forms post-flight data smoothing and flight-path reconstruction
has been coded in FORTRAN (Appendix B) and verified by applica-
tion to a computer-generated SPIFR trajectory.
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Examples of the optimal flight path reconstruction
algorithm's application to the generic flight-test data
records are given in Fig. 3-7 for a coordinated climbing
turn flight segment of 60 seconds. Figure 3-7a) to f£) pre-
sent reconstructed measurements demonstrating both state
variable reconstruction and improvement with respect to data
corrupted by noise. The symbol convention used in these
figures is: (+) for nominal, (O0) for corrupted, (V) for
filtered and (A) for smoothed time histories. Line segments
are used to link results but they do not suggest a functional

relationship.

Figures 3-7a) and b) represent the optimal smoothing of
the angular states. As may have been expected, the "deriva-
tive" states (e.g., Fig. 3-7b) are noisier than the "integral"”
states (e.g., Fig. 3-7a). In a sense, this distinction is
applicable to the airspeed versus aerodynamic angle measure-
ments, which reflect the atmospheric turbulence effect. As
follows from the translational submodel formulation, to re-
construct these measurements (e.g., Fig. 3-7c) and d)), the
states u, v and w are first estimated. The typical lag intro-
duced by filtering is more apparent in some of the figures;
it is then reduced by the smoother. The trajectory recon-
struction is represented in Fig. 3-7e), £f) and g). Note that
optimal smoothing improves the filtered state estimates and

also shrinks the position uncertainty ellipsoid.
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Figure 3-7: Examples of application of the optimal flight
path reconstruction algorithm to the climbing
turn pseudo-flight-test data.
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Figure 3-7: Examples of application of the optimal flight path
(cont.) reconstruction algorithm to the climbing turn
pseudo~-flight-test data.
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4. PRELIMINARY FLIGHTS

Flight test results are the important objectives of
the SPIFR program. As the human operator is an integral
part of the control and guidance loop, Pilot Opinion Ratings
(POR) constitute important experimental results. Both the
Cooper-Harper Rating (CHR), which is a performance rating
(Ref. 15) and the workload rating (M.I.T. scale, Ref. 15)
are significant. As we debrief the evaluation pilot with
regard to both the complete mission and to its specific
segments, knee-pad-size versions of both scales-and of the
grading sheet have been prepared (Fig. 4-1).

To test the complete SPIFR-mission-simulation concept,
a series of preliminary flights has been carried out. Its
main objectives were to verify the realism of simulation of
SPIFR regime environment, the in-flight configuration match-

ing capability and the data acquision and reduction process.

After extensive hangar checks of the aircraft system
modifications, of the new navigation/communication package
and of the onboard experimental setup, the proposed instru-
ment tracks (Fig. 3-2 to 3-5) were flown - totalling to about
10 flight hours.

These preliminary flights have shown that the tasks
appear to simulate SPIFR missions, which are realistic in
both geometry and workload. Using the knee-pad-size POR
scales and grading sheet the in-flight debriefing can be
carried out without interfering with the mission. The in-

flight configuration matching capability with regard to each
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of the priority configurations has been confirmed. The data
collection and reduction process has been verified by com-
parison of timings and directions of deflection of various
controls reported by the safety pilot to those obtained by
recorded data processing.
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5. CONCLUSION

This report summarizes the first phase of the SPIFR
project, which constitutes an integrated theoretical and
flight-test research effort, which addresses stability-and-
control, avionics and human factor effects in single pilot
IFR situations. The first phase activities were aimed at
basic research system preparation and, consequently. at
conducting the first flight test series of the SPIFR four-

year program.

Most of the goals of the first phase of the SPIFR
program have been achieved. The basic research system has
been put together and successfully flight-tested, including
the ARA aircraft modifications and the onboard digital data
acquisition system. A modern navigation/communication
system has been installed,and a new instrument panel has been
designed to accomodate flexibility in introduction of addi-
tional instrumentation and workload devices. The data collec-
tion system has been built around the Z-80 microprocessor.

The microprocessor performs the analog channels sampling,
preliminary processing and transfer of the data records to
the digital recorder. The software required for these on-
board manipulations has been developed, debugged and flight-
tested. In parallel, the post-flight data preprocessing
software and procedure development has been completed and
tried out with actual in-flight recorded data. Mission plan-
ning and experimental matrix design have been carried out
accounting for navigational accuracy and the "learning curve
effect” and for the amount-of-flight-hours-constraint. Applying
theoretical algorithms the aerodynamic configurations for the
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SPIFR program have been obtained and implemented on the ARA
aircraft. A preliminary flight-test series has been con-
ducted to check whether realistic SPIFR conditions are ob-
tained and to verify the in-flight configurations matching.
These flight tests have confirmed that the SPIFR mission:
simulation is realistic both in geometry and in workload.

During the second phase of the SPIFR project,the first
flight series will be completed and the collected data will
be analysed, including the subjective PORs. Finally,
statistical regression analysis will be applied to render
flying qualities criteria for Single Pilot Instrument Flight

Rule operations.

The structure of the research program as summarized in
this report will render quantitative criteria with regard to
the effects of airframe dynamic response, workload level, and
pilot experience on the SPIFR flight regime. Furthermore,
the ARA is now ready to conduct a broad range of additional
flight experiments associated with single-pilot instrument
flight.
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APPENDIX A

DERIVATION OF THE LINEARIZED VERSIONS
OF THE SIMPLIFIED AND THE IMPROVED KINEMATIC MODELS

A.l1 TIMPROVED WIND MODEL

The kinematic state model B (eg.(3-50)) assumes that ideal,

constant wind measurements w. are available along the flight

path. Although we may disregard the high-frequency turbu-
lence disturbances, it is difficult to obtain wind measure-
ments along a flight path with an acceptable degree of re-
liability. A solution is to adjoin a wind model to state
model B, estimating its parameters along with Xg- A reason-
able low-frequency wind model may constitute of a constant
component and a linear variation with altitude,
BEI
yl(h) =w, + =— (2.-2

Io azI I Io

) (A-1)

where w. is a constant wind vector at reference altitude
o _

ow
-z, and §§£
(o} I

altitude. Adjoining eq. (A-1l) to eg. (3-50), we obtain:

is a vector of slope of wind variation with
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+ I (z_~2
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o
Bwy
I
+ azI (ZI ZIo
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ow
I
+ (z_—-2
92 I I
o I o
- sb g’ n_ 7]
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cOsdg | + n,
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+ c6c¢g_ Lnaz-

+ HI(t)

d

8zI

(A-2)

w
L x[z,]

(A=3)

Carrying through the mathematical steps necessary to

transfer the state variable zI derivative to the left-hand

side,we obtain the state model B in the following form:

ow

3Z I I

ow

0z I I

ow
b4

3z I 71
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™o ™ > oy e ~ a— po oy
u : u a, - s g n,
g0 . s * ~g  OWy
— * I
v = w(kt) vi + ay + cbsog | + nay + Huvw HI(t)azI
W w a, + cfBcog n,
L - L 4 L Tz (A-5)
™ 9
wX 0
I
o)
: =0 A-6
Yq ( )
o
v‘vz 0
I
. ol L
3 b4
I
2z 0
I
dw
Y1|_ 9 a7y
SzI -
3‘;72
92 : 0
b I — ST
A A A u
B o8 EL H E 1|y (a-8)
uvw 31 ®32 33 |w

The kinematic state model B of eq. (A=-2) to (A-8) renders
improved flight path reconstruction and an estimate of constant
wind and of wind gradient along the flight path.
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A.2 LINEARIZATION OF THE SIMPLIFIED KINEMATIC MODEL

To apply the extended Kalman filter algorithm the non-
linear kinematic model has to be linearized. The linearized
version of the simplified kinematic model has been derived .
analytically and is presented in this section. The result
for state model A [eqg. (3-40)] is:

—‘- — - po g o -r

p 0 o0 0 0 0 of |p| |n:

q 0 0 0 0 0 ol {a] |n-

r 0 0 0 0 0 o| Iz} |n:

= + r

. 5 (a-9)

o 1 tgos¢ tgbcd gtgbco-rtgbseo(gse+rced)/c 00| |g 0

8 0 c9¢ -s¢ -gs¢=-rco 0 0f | 0

b 0 s¢/c8 c4/c8 qoo/ce-rsé/c (qso+red)Se— of u| |o

S L- c e v Jl-q 3 J
é F X W

2a A —A —A

Rearranging eq. (3-50) of state model B:

B i i "W . r0
| I
y oI v W 0
I : H (t) I Y1
Zp i z; wZI 0
1=1 0 r - -~ - +[1] + (A-10)
* 6x3 i ~
u A u a, - sO g na
. ) A X
v l v a_ + cbsdg n_
| o A y
\ i W a_ + cocoég n
{ Z a
bt -t L wud L- J [— --l s z—-
Xp Fp Xy Cp Ug Y3

50



The linearized version of measurement model B {eqg. (3-51)]:

-

Mo ] B u v w
mairI 0 0 0 aol/2 a l/2 a 1/2
2} =}
a 0 0 0 *.2 o0 2y
a v a v
-v u
8 0 0 0 2 =2 o
)
h 0 0 -1 Q 0 [}
. | *rT3sd ¥17¥s1 317%s1 0 0 0
DMEsl a311/2 a3ll72 a3ll/2
r 1 %s2 ¥17¥s2 217252 " 0 0 0
DME32 a321/2 a321 2 a321/2
. “(y7-vgy) X=X
8 sl 2 I sl 0 0 o 0
VORg a3)7(21725)) " 237 (2172)
(¥, =¥Y_,) P
8yor a E(zszz )2 aI -72 -2 )2 0 0 0 0
52 32 I “s2 32 I "s2
L - - J -
[—— ~ ~
5 HB
with: a, = u2+v2+w2
2 2 2 (a-12)
333 (Kp=Rgy) T+ YTy ) TH(Zrm2g)

A.3 LINEARIZATION OF THE IMPROVED KINEMATIC MODEL.

The improvement to the kinematic model elaborated in

the first section of this appendix refers to state model B.

The linearized version of (A-3) is:
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where each Fij stands for a 3x3 matrix:

21 31 41 32 42
Fy3 = [II
Fig = (2p7zp )]
(o]
0 0 5z 1
I
Bwy
_ I
Fi1 o 0 325
sz
0 0 = 1
. I
N &
Fio = Hp(¥)
Hé <H§ —:£> r+H; <H?
31 %1 32
1
Fo, = | -r+Hy <H? ——'Z'I> H; <H§
31 1/, 32
Q+Hy <H? ——"I> -p+H]13: <H];
31 21 3 32
L
~B
= *
F24 Huvw HI(t)
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APPENDIX B

PROGRAM LISTINGS

B.1 ONBOARD ASSEMBLY PROGRAMMING

The microprocessor prepares the data in block units.
Each block unit is a memory buffer of 1024 data words
(each data word contains two bytes or 16 bits). For 38
information channels, for example, taken every second such
a block can be filled with 26-sec worth of data (plus 36
dummy words: 38x26+36 = 1024). A data block is written into
the digital cartridge recordwise. Each record contains 128
data words, i.e., under normal conditions eight records complete
a block transfer. Occasionally, to make sure that no data
is missed, a record may be written repeatedly onto the cart-
ridge. Thus, the first task for the preprocessing software
(Appendix C) is to reconstruct the original data blocks,

8x128-36

38 = 26 informa-

each constituting of eight records of

tion-seconds.

B.2 GENERIC SPIFR FLIGHT PATH AND IN-FLIGHT MEASUREMENTS
SIMULATION (FORTRAN)

This program creates a generic SPIFR mission trajectory,
simulates the associated in-flight measurements and corrupts
them with pseudo-random noise. Knowing the uncorrupted values
of the measured variables, the algorithm for optimal smooth-

ing and flight path reconstruction may be verified.
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B.3 OPTIMAL SMOOTHING AND FLIGHT PATH RECONSTRUCTION
ALGORITHM (FORTRAN)

As demonstrated in the following listings, one of the
key issues in optimal smoothing and flight path reconstruc-
tion is computer storage management -- in particular, between
the forward and the backward passes over the measured data
records. The smoothing algorithm, which consists of eqg. (3-60)
to (3-63), requires knowledge of the state-vector before
and after gggg measurement update and of the corresponding
covariance matrices. For state model A, e.g., the state
vector has six components. This means that following the
filtering pass 84 values have to be stored for each measure-
ment instant. A SPIFR mission simulation is about 30 minutes
long and after preprocessing the measurement update interval
is standardized to be 1 sec for all variables. Thus, the

temporary storage facility has to "remember" 84x30x60 values.
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T SPIFR8 LISTING

:&&gg%ggg%gmgm&mmmgxammgggﬁ

et

13 B 1

£28030
&28033

Cb738A
€n21688
Co37e7

D480

C31Fa0

36188

£21F80

O 00N OV e N e

SRESURYPULYUNYZES L2522 BLQPURURUIRURBRBRENY

ONBOARD ASSEMBLY

(B.1)

§.§3§ WP BS BP P P S WP B8 0P BP WE S5 DF WO Be WP BF

VERSIOM 8 SPIFFER  18.V.81

ADC READ, PUSHBUTTONS, BLIMKING LIGHTS WORKING
DISPLAY MEMORY INCLUDED

TAPES INSTALLED

DATA AVERAGING IMPLEMENYED

SLOW- CHAMNELS AVERAGED AT CNT = 4

DNE TO BE

IHPLEMENTED AS SLOW CHAMNEL

ADC CHANNEL ZERD READ TWICE TO FILL OPEM RAM SLOT
LEFT BY MOVING DHE TO SLON CHANNEL.

STILL AVERAGING OVER 12 FAST CHANMELS.

HAVE A BUFFER OF 38 WORDS (16 BITS WIPE)
INSTEAD OF 37 WORDS.

HAVE FOUR LIGHTS INSTEAD OF THREE

IN SYNC WITH LIGHT3.

THE LIGHTS CODING IS ALL NEW.

LIGHT4 IS
ORG 8000H
o 1} 30004
B oCH
EQ 0384
>0 1} OFFE3H
LITEPORT BQU OCSH
LITECTRL EQU OCH
sLITEPORT BV OEVH
sLITECTRL EQU OEBH
J18004 B0 OE7H
ALTPORT EQU QE4H
PUSPIRT EQU OESH
114
CALL INITPORTA
CALL INITUSART
CALL INITSEMA
CALL INITRE
CALL FILL/EN
CALL INITWR
CALL ALIGN
CALL 0K
I D,BUFF0
CALL -STINT
BB:
CALL TSTEPTY
CALL WRITE
CALL UEBUFS
AP BB
LDA FLAG
el 0
b 74 BB
Wi A0

56

$ADDRESS OF A T0 D COWERTER

sLITE DISPLAY PORT IS PORT C J1 OF 116 BOARD
$CTRL PORT FOR J1 OF 116 BOARD
sLITE DISPLAY PORT IS PORT B J2 OF 8004
{CTRL PORT FOR J2 OF B004
$CONTROL OF 8255 J-1
$ALTIHETER PORT & J-1
$PUSHBUTTON PORT B J~1
$N0 INTERRUPTS ALLOMED YET
38255 PORT A OF J2 ON 8004
JINITIALISE THE USART FOR PILOT TERNINAL
$SET UP SDYPHORES ON ALL TEN BUFFERS

sFILL MEMORY WITH INTEGERS 0-10239
$INITIALISE EPTYING POINTERS
;DUNP TEN BUFFERS EACH 2048

310 TAPE, 256 BYTES AT & TINE
SOVER AND OVER AGAIN.

sTHE BUFFERS ARE DESIGMATED BY

s THE DIGITS 0 TO ¥,

9
3DE POINTS TO TME LOCATION
3 10 BE DPTIED.

5
$INITALISE 19511

3BE PAIR POINT TO LOCATION TD BE EWPTIED
sEMABLE THE INTERRUPTS

$WAIT UNTIL BUFFER FULL

DUMP ANOTHER 256 BYTES O TWPE
$UPDATE THE INDICES USED

3 10 KEEP TRACK OF ENPTYING THE TEN BUFFERS.
THERE ARE THREE OF THES,

TWO POINTERS AND 4 COUNTER,

de we we

-



&mt&&ggm&xm&g%g%g%&

326188

Ch4182
C31F80

110090

F29080

210008

ARINNISESREGSR

ZEIIIH

ARIN2IBRERERER

CEEEEEEE A3IEUEEE3ER

ERDMAIN
B,25

EREMAIN

SETEPTY

H,2048
EREWAIN

EWHICHB

EWHICHB
10

A0
BMICHB

57

$BASE ADDKESS FOR FILLING IS BUFFO
$COUNT STARTS WITH 0
sLOMIR BYTE INTO ACC
$SOTRE IT 10 HEAORY

$HOVE TO MEXT BYTE LOCATION
sUPPER BYTE INTO &CC
$STORE IT 10 MEMORY

$POINT YO NEXT BYTE LOCATION
{SIZE OF INTEGER WP BY 1

$CHECK FOR AN UPPER BOUND

]
sREPEAT IF BELOW UPPER BOUND

3256 BYTES DIPYIED AT 4 TIE
SCARRY=0

JEREMATN-EREMAIN-256

3

;1S ERBWIN )= 256 7

3

1CARRY=0

§IF §<0, HL )= BC

3

£ NOT DPTY

3 ANOTHER BLOCK OF 256

3 FROM CURRENT BUFFER OF 2048

A
$ARK CURRENT BUFFER EPTY
$SET UP INDICES FOR DUMPING MEXT 2048 BLOCK

5

$WE ARE NOW BEYOND TENTH BUFFER
3 NOTE EWHICHB HAS RANGE 0 T0 9
3 SWITCH TO BUFFER ©

L
-
&
&
5
&

LOCATION OF THE CURRENT 2048 BLOCK
BEING EWPTYIED

20 20 w0



Sig%%g’&?&l&ﬁ&ki&iﬁ’-&’118‘1ngggg!‘i'-§§§§§Rit$iﬁﬂﬁggﬁg

110090

ED537488
C39D80

247488
010008

ED537888

3A6988

B,UFF0  3BUFFO 1S STARTING LOCATION OF
3 BLOCK 0 OR BUFFER 0
SDED  ECURRBUF NOTE THAT DE POINTS WERE ECURRBUF POINTS

P EROOM
ESH:
h ]
ME ARE GOING 7O EMPTY A BUFFER
3 2048 BYTES HIGHER IN CORE THAN THE
H PREVIOUS BUFFER.
A ]
LHLD ECURRBUF 3
LXX B,2048
DAD B
SHD ECURRBUF
XCHE 3DE POINTING WHERE ECURRBUF POINTS.
EROON:
POP B
poP M
FOP P
RET
3
WRITE:
sTHE ONLY ERROR ALLOWED FOR NOM
IS TRYING TO WRITE BEYOND EOT
sWRITE ON LEFT TAPE (R RIGHT TAPE
sDEPENDING ON THE SETTING OF TSM
3TSH="L" (R ‘R, :
3IF BMD OF TAPE OR HARD ERROR ON ONE TAPE,
sSWITCH TO ANOTHER TAPE
h ]
PUSH PS
PUSH H
PUSH B
SDED TEPDE  ;SWE DE PAIR IN CASE OF REIRY
3 IXI H,TENPDE
3 CALL HOWP2
LA TSN sWHICH TAPE DO WE USE?
{v49 ‘v
JNZ WRITR
WRITL:

CALL LCTN 3IF YOU COME TO EOY SWITCH TO MEXT INIT
$CCCC((MORE CODE HEREY 1) NIININNINMN
$CCCCCCL(CCABOUT SWITCHING LOGIC))))3)310h)

B4 RETL
w AR
STA ]

$CCCCCC(C(RETRANSMIT LAST RECORD ONTO RIGHT TAPE))}))1)N}
o WRITR 3 AMD REWRITE RECORD U RIGHT TAPE.
RETML: POP B

POP H
POP e
RET

WRITR:
CALL RCTWM 3IF YOU COME T0 EOT SWITCH TD HEXT UNIT
${{C{(<(MORE CODE HERE})))1IMMIMNNINING
3ECCCCC(ABIUT SWITCHING LOGICH) NN
RETR
Ry'L
TS
SO RETRANGHIT LAST USING} )13}

g3

JF WRITL 3 AW REWRITE RECORD OM LEFT TAFE
RETWk: POP B

POP H

POP PSe

RET
INITWR:
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HB10E
8110
48113
£i8115
48118
LibliA
22 380
LiBLLF
&btz
bi8124

48124
HALD
28130
225 ke

8134

iB81A
81D
LRI

Lia144
8147
B149
££814C
L814E
8151
«A13
£E8156

Egﬂiﬂ

210008

EL

326988
210090
227488
110090

0o g=2e

£h4182
(D482

Ch4182

201

FELEHTER

REREEEREE

219

BEYPHOBREEY

DRZZIERERIRE

EEYRQANAON

DENZS6:

)3
STh
X1

I
STA
X1

X1

5 A33

FIaggERas

EESESESESERERERER

R

E2E

w1

a0
BHICB
H,2048
AL
H,BUFFO
D, BUFFO

A,ESC
Pes

.

Ay'p’

8>
=

Ay’

‘g

B8rs

L

SAVE+1
TENPDE
#A,ESC
[ 1% %
Ay'p’
2 1]
A1
Ay'd’
Ay'2°

A3

59

3
$0E (= DE - 25
#L (= DE

$CARRY=0
sl - 256

PE (= HL

SWRITE AH EOF KARK ON LCTU

$ADIRESS OF LCTU

SWRITE FILEMARK COMWAND IS ASCII CHAR S



815D
L8160
$iB162

8170

L8103
$i81C8
48108
$iB1CE

L1

3L
Cb4182

CD4182
3E70

Ch4182
Ch4182
€b4182
Cpataz
£n4182
311

£h4182
Co5782

Co5782

EDSB7888
3E1B
CD4182
Ch4182
CD4182
£04182
CD4182

Ch4182

R PSS NN IR R RE BNV NNISEREERRR

RCTM:

§ AOEUERREIEREAEIEIERES

ZEEEE

FEFERED

g

B0
A8’
B0

.2.
o0

g

A,0CL

0o

Y
'y

'S

3DE POINTS TO LOCATION TO BE RPTIED

$READ § OF F

SREAD R

$EITHER § (R F
SRETURN Z SET ON °S’, Z RESET ON 'F

$WRITE AN EOF HARK OM LCTU

$ADDRESS OF RCTY

JRITE FILEMARE COMMAMD IS ASCII CHAR 5

SADDRESS OF RCTU



EL81F9

8211

&EEE&E#&&K&&&EEEE

CB4182
CD4i82
CD4182
4182
Cos782

Caigs2

010001

3El1

£M1a2
C0782
DADS81

. 782

DADS8L

FES3
cs
EDSE7888

Q.‘EQE§8888§E§88 L R7 RV

OLFFFF

EEE RIS ST RS A ERERFERERENE 333 33833 3 AR RS RS R F-F 3 2 R a1 g g g2 g

tALL 8
w1 A8
CALL : o]
Wi Ay
CALL B0
w1 A,EM0
CALL B0
AL :5
STA SAV
1 ACK
prd T
P RCTIN
MEXT:
sDE POINTS TO LOCATION TO EE BPTIED
1 B,56
CALL SN
Wi A,0C1
CALL B0
CALL BI JREADSORF
J RCTWM
STA SAVE
CALL - BI 3 READ CR
X RO
STA SAVE+L
DA SAVE EITHER S R F
> 21 ‘8’ $RETURN WITH Z SET ON S, Z RESET N F
RZ
LDED TEPDE
RET

i

CHARACTER OUTPUT ROUTINE
0 OUTPUTS ONE CHARACTER FROM ACC TO TERMINAL
VIA THE USART, ALL REGISTERS AND FLAGS ARE
PRESERVED. THE CHARACTER IT OUTPUTS IS IN THE ACC,

- e ae o

’i

H PUSH PsW
B
A 1SAVE A REG

8

SA%S1A  GET USART STATUS
TROYA  3CHECK TRAMGNIT READY FLG
B0 $NOT READY

AL SREADY 70 TRANSNIT , RESTORE CHAR T0 A REG
DA 5B IT

AIIREREREQRNERRR 23

i

CHARACTER INPUT ROUTINE
BI INPUTS OME CHARACTER FROM TERMINAL INTO ACC
VIA THE USART. THE FLAGS AMD THE ACC ARE CHANGED.
THE CHARACTER IT READS IS RETURMED IM THE ACC.
IF ND TIMEOUT OCCLRS, THE CARRY IS SET.
IF TIMEOUT OCCURS, THE CARRY IS RESET.
THE CH¥#R READ IS RETURNED IN THE ACC. .

WS e W wE we Hs we we

i

BM: NP ;
PEH B
X1 B,OFFFFH

BIO:
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$¥8YY

28825888202

A

433

o
w
-

22924522

SEERESEEREERRARER

TIMEUT

STATUS:

fp OABEHEEE EHJANHQNAwNEEREER

2g

g2 AVSEEEFEPEEEFEEEEEEEERRERE

62

A

88514
RXRDYA

Dex1A

g

M
H,STAT
A,E5C

A;’A'

3GET USART STATUS
$CHECK RECIEVER READY

]
3GET CHAR

;START ESCAPE SEQUENCE



£60011

3831
£DOBS8

CDoB38

C05782
€D5782
s7e2
5782

Co5782
CD5782
Co5782

Fi

ad Qmmmggggggmsmmmggg

BEEEEEEBREEIINNNNINSSSESELEE2E

SEEPELBELEFI8232888

Uy UV VL UL U
P ek e b B g e
=NeHLELRES

519

o we ws we

"EERE"e

BR2

3
gASF IR ERREZGEEEBEDBYBEAIIRBREEGg

STINT:

wI
wI

AYSEEEEEEEEESE

Z5Z52

gz 93338

=

63

Ayt

co

Ao

co

#,0C1

o

BI $ESC READ

BI $BACKSLASH READ
BI P READ

B $DEVICE CODE DIGIT READ
81 $BYTE 0 READ
Bl $BYTE 1 READ
BI $BYTE 2 READ
B +CR READ

H

Py

DELAY OHE WILLISECOMD

B,152

#,THICH
ODDH

£,0364
2,00

£,004



ﬁ&&%ﬁﬂg&&ﬁgg%gﬁﬁ&

L8349
8348

Egﬁﬁkggﬁ&tg

1
8y SOUUS

BEEETERETTTTRRRETTTR"TTEABETRAE

214F63
2Z2E4FF

D7

Fi

23

&
2

g4 B
£3e ¢
SEERET S 3RS E IS T EEPEPFRENES S 33 58 344 4R 4 f 3 4G g

7483
(2484

c2n783

213400
19

ERRE B

BRLEBRBELEEEY

a8 we wo

wo w0 oo

we e we
an

af @0 W

gcn o wo

-e

-e

- 0o wo

o s W

5

“e WP ws w0

-

Wi

X1

w1

L

fE

3%

BEEE BB

PUT “J% BREAK' INST, AT LOCS INT7S,INT7S+i,INT75+2

AP

INT7S

HyBREAK

INT7S+1

SETLP 8214 INTERRPT CONTROGLER

A0 3BT 7=0 FOR MODE 0
$BIT 0 10 3 DEFINE INTERRUPT PRIORIRY
{BIT 0 70 3 SET 70 3, BNABLE 2 TO 0 OMLY

07H 3 S 10 8214

PUT Z80 IN INTERRUPT MIDE 0

H

Py

TURN OM INTERRUPT SYSTEM

CONE HERE ON TIMER INTERRUPT

3g "TR

AOFFH  3AIE OUTPUT OF

OE8H 3 ZERO VOLTS

SAVEDE  ;RESTORE BUFFER POINTER TO DE PAIR
TSTRULL ;IS BUSFRR BPTY

IF CNT)=0.AND, CNT(=9 READ FAST CHS AD STORE
FAST  SCOLLECT FAST DATA

IF ONT = 4 READ SLON CHWAHNELS

ONT

4

NOT4
SLOW

IF CNT=9 READ TINE AND SUOM CHANS

> 14
9
NOTY

o a0 wo

H,2824

D +ADD 226 10 DE PAIR TO POINT BEYOND
£l

D PUT HL IN DE
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COF 484
L5785
(07488
CD4785
ED535788

CD9785
CD788%
C38983

CD7488

£n4785

CD7885

Cdé18s

3E0B
CD6185

3E0D

SEEREEEEEYLERREN

GG E e R R R R B ARnREREERDRERRERERS

we @

NODISP:

e

we

-

e

e

E

3
4
ot

IEESIPEEERE E

R2E EE”

EE® EE® EE® EE® EE® EER 893333z Eg

Z

5 EE

DISPLAY  IF THERE IS TWODIG PAIR READY, DISPLAY AEMIRY

RIS sTHERE ARE TM0 BUFER POINTERS AMD COUNTER

3 10 LPDATE
UCLE  3TIC THE CLOCK
FLIP  3T0GGLE LITE 3

STATE
INTWODIC
NODISP

G SAVERAGE FAST CHARNELS
UINTS  jUPDATE INTERRLPT COUNT

RINTS SRESET INTERRUPT COUNT WHEN MECESSARY
A SMAKE OUTPUT OF
OEBH 3 FIVE VOLTS

STATE  § PLAY WITH PES + LITES 0N CONTROL PANEL
INTWODIG ;LOOK FOR FOR TWO DIGIT PAIR

A0
oD7H

)

B

H

Poy

A0

ADDY

STORE

£,0 SDELE COLUMN CHAMNEL
A0 3 READ ADC CHAMGEL
STRE ;  PUT IN BUFFER R
S sTHETADOT CHANMEL
ADCO 3 READ AIX CHANMEL
STRE 3  PUT IN BUFFER RAY
%] SNZ-NORMAL ACCEL CHANNEL
ADCO 3 READ ADC CHANNEL
STORE 3  PUT IN RAM BUFFRR
8,8 +DELA-ROOLL WHEEL
ADCO 3 READ ADC CHANWEL
STRE 3  PUT IN RAH BUFFRR
A9  ;DELR-PEDALS CHAMMEL
ADCO 3 READ ADC CHAMEL
STORE 3  PUT IN RAM BUFFRR
Al BETA-GIDESLIP CHANNEL
ADCO 3 READ ADC CHANNEL
STRE 3 PUT IN RAW BUFFRR
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STREERERTRRECRERTRRERREEEREEE

558

£Ds185
CDERS4

CDs185
CDEB84

o185
CDEBS4

15
€Ds185
CDEBS4

3EL9
CDé185
{DEB&4

CD7ESS

3E01
(6185
CDEBS4

302

CDs185
CDEBM

ki
{4185

i
CDs185

06185

313
CD6185

SNNSEEEEREEERETY

SRS

SEEEEBERREE

-

we

-

e

-e

-e

-

-

-,

s

-

e

-

.o

-
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3
3 PUT IN R BUFFER

PUT IN RAM BUFFER

$DELT-THROTTLE POSTION CHANMEL
T READ ADC CHANNEL



LL84E4

CDEBS4

3E14
CD6185

3E18
CDs185
CDEB4

X17
£D6185
CDERS4

3E18
CD6185

3E14
CDs185
CDEB34

3E1B
CDs185
CDEBS4
310

CD6185
COERS4

£D6185

£08985
CDEBSA

CDEBS4

d8k33

ERE PR PEPEPEFEFERFIFFrPEREPEEEE RN N

- - ws we - -e -s - -e -

- - -

-

e P Wr as wr e a
14

Z

GEE EE EE EE EES EE® EE® EE® EEZ EE

67

DIGH

DIGLI

DICDD

DIGTIN

3 e e

$DELF-FLAP POSIYION CHAMNEL
3 READ ADC CHAMAEL
s PUT IN RN HFFR

$DELA-ATLERON POSITION CHANNEL
; READ ADC CHANNEL
3§ PUT IN RAf BUFFRR

$DELR-RUDDER POSITION CHANNEL
; ‘READ ADC CHANMEL
3 PUT IN RAH BFTRR

sNILOC-N LOCALISER CHAMMEL
i READ ADC CHANMEL
;  PUT IN RAH BUFFRR

$ALPHAP-PIRT ALPHA CHANNEL
3 READ ADC CHAMNEL
s PUT IN RAM BUFFRR

ALPHAS-STARBOARD ALPHA CHANMEL
READ ADC CHANNEL
PUT IN RAM BUFFER

ws wr we

;LOCMLS-MLS LOCALIZER CHAMNEL
i READ ADC CHAMMEL

3 PUT IN RAH BUFFER
GSMLS-MLS GLIDE SLOPE CHAMMEL

READ ADC CHANNEL
PUT IN RAM BUFFER

- S0 a0

sLOCNZ-H2 LOCALTZER CHANMEL
3 READ ADC CHANMEL
3 PUT IN RAMBLFER

SIDELF-FLAP COMWND CHANNEL
3 READ ADC CHANNEL
3 PUT IN RAN BUFFER

TAKE CONTENTS OF HL REGISTER
STORE AT DOUBLE BYTE FOINTED
TO BY DE REGISTER.



EEREEREREEEEREREERERERE

5

11

BURETET T hER

245988
014C00

ED42
225988

110090
ED537688

247688
910008

BB BB R R RGP A RR R ERERERRERES

W GO WP S W WP P WS B0 G BP LS WE BP9 WP WP B¢ g.‘- -

- ws a2

-e - 08 we W Wt s

-

we we

g
”

353
zc’e~

THERE ARE TWO POINTERS
AND ONE COUNTER

T0 BE UPDATED WHEN CURRENT
BUFFER IS AL,

FWHICHB IS FROM 0 TO ¢
AND INDICATES THE CURRENT BUFFER
BEING FILLED

SAVE POINTS TO THE BYTE OF
THE CURRENT BUFFER TO BE FILLED .

REMAIN CONTAINS THE MMBER
@F UNFIILED BYTES IN CURRENT BUFFER

Pse
H
B
REMAIN 3

L] sCARRY=0
B
REWIN  JREMAINSREMAIN-BYTPERSEC

EEE=EREe

1S REMIN )= BYTPERSEC
A | JCARRY=0
B
P ROOM  3IF §=0, HL )= BC
£AN NOT FIT
ANOTHER BLOCK OF BYTPERSEC BYTES
IN CURRENT HEFRR

tAlL SETRAL  3WARK CURRENT BUFFER FUAL

SHLD REMAIN  jREHAIN=2044
LD RHICHB  SWITCH TO NEXT BUFFER

IR A 3

STA AMICEB

r1 10

T4 ]

wr

wI A0

STA FRHICE

X1 D,BUFF0

SDED CURRRUF

P ROOM

3.4 CLRRBUF  3BASE ADDRESS OF CURRENT BUFFER
IXI B,2048

DaD B 1 INCREMENT BY 2048

68

B,BYTPERSEC 3BYTPERSEC BYTES FILLED PER SECOND
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QEE Sﬁié‘ﬁ Q%’ % Qg

DBE4

SNESEEEEREREBERRGY

EBSSYSSE

$88232 8828332252 EEEEEEEE

UINTS:

NOT10:

€DCo2

we

DIGH:

-e

22

53 H3g9EEE 8333

JZES

ZZ HEAWZZ HEZ HPEE HE 3 HEZBES2ZY HAIE=Eg A%

g8 %&

5¢

10

:‘CI
=

L
Hy0

La
HA

L,0
Hy0

L,
Hy0
ALTPORT
L
Ky

LS
K50
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ALTIETER READING
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§
sgama

245288

DBES

R R Y P PR PEEE LR LELEEL

2EY

EEEBEER

o
~N o
© 0

971

EEEEBBBEIIIIFIIN

DIGMOD:

@O WS B WE WO B ss #s e

STATEO:

STATEL:

§E AZExIz &S

=

THISMACHIME HAS TWO STATES

STATE O

SIATE 1

SU8EEENE] H333 IPEEE AP NE=E XEEREEPE Efbkgamo

THE MACHINE STAYS IN THIS STATE FOR 30 SECS.
AFTER 30 SECS. ELAPSE, IT TURNS ON THE PROPER LIGHT
AD SHIFTS TO STATE {.

THE MACHIME STAYS IN STATE 1 UNTIL THE PROPER
PUSHBUTTON IS DEPRESSED, (LIGHT X GOES WITH FB X, EIC)
THE CORRESPOMDING LIGHT IS TURNED OFF AND THE
WACHINE SHIFTS 70 STATE 0.

$SET THE FLAGS
STATEL

H,THSEDY ;LOAD THE MUMBER OF TIHER CLICKS NEEDED FIR 30 SEC
CLEAR CARRY

$STATE=1

sRETURN PUSHBUTTON STATUS IN Z FLAG

sTURN OFF LITE

1STATE=0

CPTIN PTIN: 0

SWBLITE  3SWITCH TO NEXT PUSHBUTON + LITE SET
BCK

99 E° E3°3 EgRyTY

mzw

]
BINRY

0

o

LIGHTS

OFBH 3

LITEPORT BITO0 PIRTB 5 WOLTS
LIGHTS

PoH

70



tIASEE €9 988 RET

& 989  (M2:

LLA5EF 5288 990 LDa LIGHTS

LEBSF2  BAFD 991 ANT OFDH 3

L8574 D35 92 anr LITEPORT BIT 1 PORT B S WOLIS
i285F6 325288 993 STA LIGHTS

L85FY Fi 994 PP PSe

L85FA C9 95 RET

& 996  TOFFL:

£85F8 TS %7 PUSH ]

LL85FC  JAS488 998 1A BINRY

iLA5FF  FEOO 999 >4 0

Libs0L C21084 1000 N 0FF2

28604 3A5288 1001 1DA LIGHTS

£:8807 F401 1002 @RI OtH 3

£E8609 DIAS 1003 T LITEPORT BITOPIRTB ¢ VOLTS
L8608 325288 1004 STA LIGHTS

LB60E F1 1005 POP Py

LB40F CY 1006 RET

& 107  OFF2:

L8610 3AS288 1008 LDA LICHTS 3

ie8613 F602 1009 ORI 0

28615 D3CS 1010 o LITEPORT 3BIT O PORT 8 O VOLTS
48617 325288 1011 STA LIGHTS

8614 FL 1012 PoP peu

428618 C9 1013 RET

i 1014 CPTIM:

LL8bIC B 1015 PUSH H

68610 210000 1016 Xt H,0

L8620 225088 1017 SHLD PTIN sCLEAR PTIN
Lhsz3 Et 1018 POP H

tiBb24 C9 1019 RET

& 1020  PB:

LB M5B8 1024 b4 BINRY

£28628 FEOO 1022 &1 0

LiBs2A L2586 1023 N PR2

28520 DBES 1024 N PUSHPORT JPUSHBUTOON STATUS
LiB4ZF 325488 1025 STA MODES

628632 E601 1026 ANI 014 BITO PIRT B
8634 €9 1027 RET 3STATUS RETURMED IN Z FLAG
& 1028 PR2:

£iB43S DRES 1029 N PUSHPORT

EiBA37 325488 1030 STA MODES

iB63a E402 1031 ANI o (BIT 1 PORT B
&8s 1032 RET

73 1033 TONS:

LA F3 1034 pusH Py

i2B43E 3E01 1035 w1 A,01H 3

628640 324E88 10348 STA ST 1STATE-1
68643 i 1037 POP PSH

LeBoMe 09 1033 RET

& 1039  TOFFS:

L8645 5 1040 PUSH PSi

L8646 3E00 1041 w1 4,0

28648 324E88 1042 STA ST

t:8648 Fi 1043 POP PS¥

LA C9 1044 RET

& 1045  FLIP:

& 1046 3 $TOGGLE LIGHT 3, TOGGLE LIGHT 4 TOGETHER
864D TS 1047 PUSH PSH

LLBME 35288 1048 2.} LIGHTS

M85 EEO4 1049 XRI 04 sFLIP BIT 2
48653 EEO8 1050 YRI 084 sFLIP BIT 3
£L8655 325288 1051 STA LIGHTS

£:8658 DS 1052 1134 LITEPORT

228654



CUUURRRRETERREEET TR

311

gg&igggg&5&121EEEEEERISZESikiﬁiggi:&??iﬂiﬁiitiSikiﬁisigggkig

CDB186

74
324888

3A4B88

1110
it
1112
1113
1114
1115
1116

1118
1119

;
i

A3853 AILEEF BUES A

“¢ wo o0

we wo

EEEY:

INTHODIG:

.

- a0

PR

Y

EFFTEERE

BE %338

S8 38

&

USING PBO AND LITEO,

ARE
A LITEL,
ARE USING PBI AMD LITEY,
ND LITED,
POU
BINRY
O1H
BINRY
Pod
H
H,0 L=
TN 3SECOND COUNTER = 0
H
SET DIGIT COUNTER CNTDIG
PoU
A0
ONTDIG  3ONTDIG=0
PN .
H
B
D
3CHECK 10 SEE IF THERE IS
s THO DIGIT INPUT READY
3
3IF THERE IS NOT,
3 RETURM WITH Z SET
3
+IF THERE IS,
3 RETURM NITH Z RESET
H
3
31 36ET DIGIT IF WAITDNG
IWUTR 3 IF Z SET, NOTGHING NAITING

+Z NOT SET, SO DIGIT IN ACC
OFH $CONVERT ASCIT DIGIT T0 BINARY DIGIT

DA $SAVE DIGIT IN D
CNTDIC  CNTDIG IS DIGIT COUNTER
ENTDIG

3
INUTE  3IF Z SET, COUNT IS 2

HAWVE INUT IN D, SAVE IN B

A0 H

INUTS  {SAVE FIRST INPUT DIGIT
A i IS SEY

IPUTR

INUTS  jMOVE FIRST INPUT DICIT IN ACC

72
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1

17000 1100 1 00 11111 S 1 1 11 SRR 11148 11111

;

ﬁ&ggg&&

E602

DBCC

aEa L%

1120
12t

uz
1124
1uxs
1126
1z
128
129
1130
u3

1134

1170
1171
12
1173
1174
s
1176
37
1178
1179
1180
1181
1182
1183
1184
1185

=
=
)

W e S0 Le S0 BP 30 WS w8 S0 &

s s ws

e o wo

EEEERE

ADD
STA
L ¢
STA

LEEE

ERE

NEE

58251
RYRDY

Das1
07

DINDDIG

DINODIG

w:g

b4
DISPLAYR
TWODIG

0

DISPLATR

73

$(B) =8%( INPUTS)

A

3(A)=2%(INPUTS)
3(A)=2%(INPUTS) +8%( INPUTS) = L 0% INPUTS)
sADD I SECOND INPUT DIGIT

CLEAR THE COUNTER

ACC AND FLAGS ARE CHENGED
GET INPUT IF WAITING
OTHERWISE RETURN WITH Z SET

SEE IF INPUT IS ADECIMAL DIGIT,
IF NOT RETURN WITH Z SET

IF INPUT IS A DECIMAL DIGIT,
ECHO IT AND RETURN IN ACC

315 THERE INPUT DATA YET
sIF Z IS SET, RETURN

READ THE CHAR

3GET CHAR
3 CHOP OFF PARITY

TEST FOR DIGIT FRON 0 TO ¢

$HAVE LESAL DIGIT IN ACC, Z IS RESET

sZ 1S SET

;DISPLAY #EMORY LOCATION
sCORRESPONDING 70 TWODIG ADDRESS

-

INTERRUPT COUNT LOADED IN ACC
IS THIS THE NINTH INTERRUPT
RETURN IF NOT NINE

e W sy @ S e

TWO DIGIT MUMBER
IF IT IS ZERO, NOTHING TO0 DISPLAY YET
S0 RETURN

k

o 38 wr we



gslﬁiSZEESIE&:KISISitikikiggtisiggggkigg

1

£8703
28706
48707

L8709
LAT0A
EA708
48700
LI870E
LIBTOF
4710
L8711
8714

8718
BT 1A
&A71D
8720

2600

ED4BS738

Ch2as7
CDF786

324C88

€

A8

118
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197

ADD A sFORM BYTE OFFSET IN ACC
1 2 $ VALLE OF 1 IS AN OFFSET OF ZERO
A ]
Wi H,0 MOVE ACC OFFSET
o L 3 HL HAS ACC OFFSET
LBCD SAVEDE §  BASE ADDRESS OF CURRENT STORAGE IN BC
DAD B H ADDED 70 OFFSET TO FORM POINTER T0
3 HEMORY LOCATION YOU WANT TO SEE
*
CALL CRLF
CALL HDMP2 H
3
§
3 CALL CRLF
H LDA TWDIG
3 CALL HDP
3 CALL CRLF
3 IXI  H,SAVEDE
3 CALL HDP2
3 CALL CRLF
Wi 4,0 sZERD
STA TWDIE 3 TNODIG
3
3
DISPLAYR:
POP B
POP H
POP ]
RET
3 DUP THE CONTENTS OF MEMORY IN HEX
3 H HOLDS STARTING ADDRESS OF DUWP
$ A REG IS USED IN HDUWP
HDMP2: PUSH PSH
PUSH H
INX H
b 1) Ay
CALL P
pexX H
v At
CALL P
CALL CRLF
POP H
poP ]
RET
3 HOMP USES THE A REG
HWiP:  PUSH PSu $SAVE ACC
PUSH PSd s TWICE
ANL OFH $ISOLATE THE HIGH ORDER NYBBLE
RRC
RRC
RRC
&RC sHI DIG SHIFTED RICHT BY 4
CALL BINE $PRINT HIGH ORDER DIGIT
CALL co $PRINT ASCII FORM OF HIGH DIGIT
POP PSd sRESTORE THE ACC T0 VALLE AT ENTRY
ANI OFH $ISOLATE THE LOW ORDER NYRBLE
CAlL BINE 3
CALL co H
POP PSi 3
RET
BINE: ADI 300 3
(>3 3 3
RC
ADI ™
RET

.

CRLF USES ONLY THE AREG
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VRTRY

21683

augg

C23re7
El
€1

1253
1254
1255

157

176

CRIF: PUSH Py
wI A,004
CAL €
wI A0
CALL CO
PeP T
RET
3DATAOVRUN:
ARE WE FILLING FASTER THAN UE ARE DPTYING
Py
B
EMHICHB
Byh
RHICHB
B
n
DATA OVERRIN
8,0
0

gwa-«vo-‘-ouw‘nwuuoaoo

=3
1

533 B3 ESFEEEE
aw

;

LET THE FILLER CATCHP MITH S®TYER

R Y R R R I R L L

;ONE BUFFER HAS NOT YET BEEN FILLED
FWHICH

By W

FIR TP 7]

S

{ONE BUFFER HAS BEEN FILLED
Al
FILLONE

9% NRESE ESEZE

=

- o s

$MAKE SURE FILLER STAYS AHEAD OF EWPTYER

53INEEEYELE
8

Eu-w WO e O w8 W0 B we AP we
i1

PSH P
S B
PSH K
X1 H,SDVPHORE :
wI B,10
st: WI M,
N H +ADDRESS NEXT SEMIPHORE
DR B {ONE LESS SEMIPHORE 10 INTTIALISE
N s1 1REPEAT UNTIL ALL SEMIPHORES ARE INITIALISED
PP 4
POP B

75
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L4781

3E4F

Q:ﬂﬂﬂdgs

FEEBFEZIEE HS4<GFNRTEBIREGGG

§

BPTYL:

-

SETREL:

EEELEPHIT RELEETEFFE

I338ZEZZEEGan

WAIT UNTIL BUFFER EMPTY (INFINITE LOOP!)

g

H

HySEMAPHORE

FWHICHB

3,0

G

3 $(HL) 1= SEWPHORE+ (FHICHB)
At $(A)e= (SEPWPHOREs (FWHICHB))
T $SEE IF BUFFER FULL

ORIN  SWAIT TIL DPTY

H

B

Pod

Ao
A

FWHICHB

$NATT UNTIL BUFFER FULL

A $(A) 3= (SEMPHIRE (BMICHB) )
B 1SEE IF BETRR BPTY
Poi $SAVE Z FLIG

‘0 - jCOWERT TO ASCII

PS¥ $RESTORE Z FLAG
BPTYL  SMAIT UNTIL RULL
H

B

POy

$ARK Burrek FULL

PSU

B

H

HySEPHIRE

RHICHB

B0

Ch $(BC) 2= (RHICHB)

B $(HL) t=SEFAPHORE+ (FWHICHB)

AVF R ITRLL
MA  3(SDVPHIREH(FWHICHB)):='F"

76



5
.
e BT RV

:
2HAA

TeT Y RTE ey
IR

sHARK BUFFER EPTY
pUSH PSW
PUSH B
PUsH H
Lo H, SENAPHORE
LDA EWHICHE
™I B,0
C,h 3(BCY s=( EVHICHB)
B 3 (L) 2=SENAPHORE + (ERHICHB)
A E SHARK IT BPPTY
H,A 3(SEPAFHORE+ (EWHICHB) y2='E°

INITRE:
SETCDIG 37RO DIGIT COUNTER, CHTDIG

WL A0 sFORMAT 8255 45 MODE 0,
: ;AL THREE PORTS QUTPUT ON J-2 8004
§  SAVEDE POINTER =
SE  SWEE 3 SET T BASE ADDRESS OF ALL TEM BUFFERS
$ POITER THAT TELLS WHICH BUFFIR
;1S BEING FILLED = 0

IXI  D,FF0 3 POINTER T0 BASE ADDRESS OF CLRRENT
X1 H,0 IR0 OUT
SLD o 5 INTERRPT CONTER
SIED  CRRBF 3 BUFFER BEING FILLED
H Wi 4,0 3
3 5TA FILLOE  FILLONE-0, MEANS ALL BUFFERS ARE DFTY
3 OF DATA. _
Wl A ,080H
our LITECTRL  3FORMAT LIGHTS
mI A,0984

T 18004 $FORMAT PUSHBUTTONS,
WI  AOFFH  3TURN OFF LIGHTS

L LITEPORT

STA  LIGHTS 5 SAVE LIGHT STATUS
CALL  TOFFS  ;STATER

CALL CPTIN $PTIN=0
Gl crs CLEAR SECOHD COUNTER

w1 A0

STh BINRY 3BIMRY=0, PBO AND LITEO FIRST
RET

S TR )
3 . CHARACTER OUTPUT ROUTINE

3 00 OUTPUTS ONE CHARACTER FROM ACC TO TERMIMAL

3 VIA THE USART. ALL REGISTERS AND FLAGS ARE

3 PRESERVED, THE CHARACTER 1T OUTPUTS IS IN THE ACC.

; SRR FHEHEOHHOEE RN 2 &
£o: PUSH PSH

PUSH B
ny Cyh $SAVE A REG
€00 NOP ITlAY
ol :
I SLI51 §IET USKRT STATUS
BT TVIY jOITK TRANATT READY FLS
JZ [ R

B

77



L8819
£2881A
&L881B
&4881C

BEhEREEERABEERERE &E np RREER B

§ QEQE388

gg
B

QQBEE ﬂQﬂﬂEgQﬂﬂEgﬂﬂEﬂﬂgEQ

888

1510
1511
1512
1513
1584
1515

:

FECFFTELTI TR FELEEE

Eg CEEE

ok

LEEEEEEFE

AL
Dézs1

A, 504
£a351

8251

A, 4H
€851

#,USMOBE
CAZS1

A/USDD

SREADY TO TRANSNIT , RESTORE CHAR 70 A RES
$SEND IT

ASTER RESET SEQUBNCE
$SET MODE IN USART
3SET COMWD IN USART

sRESET 8253

s e

sREST ERROR FLAGS
ENABLE TRANSHIT
ENABLE RECIEVE
READY DaTA SET

-

e e a0 g0 o

OUT C825% ;GIVE COMWAND

ErSEETFRHPOEESERpRHEER

§§°°°o"esg

2
2

§°°°8888S

S8251

78

h ]
3 HOM NANY BYTES PER SEC OF DATA
SMPBER OF TINER CLICKS NEEDED FIR 30 DELAY
3300 FOR .1 SEC TIMER CLICKS
$150 FOR .2 SEC TIMER CLICKS

k]
327 10H=10000D

3
$4E20H=20000D

s s



DD215788

1516
1517
1518
1519

152
1523
1524

1526

1547

g

§$§¥

:

EE S3BEX EESR §§3§3§§E§§333§§EE§§§aﬁﬁﬁﬁﬁﬁgﬁﬁﬁgéﬁﬁﬁﬁ FEy "CEFEESBEEN

il

-,

ws

- g0 wo g
v

1P1:

-s

50 8000000000(?

en:g

°5

MG
a1

58

Rl Ol

a:wﬂ

50":
25

§ 37897
- : §

PNTALS

79

sEPTY HICH BETER
* EEEEEEEREE"

-.

sTEN BUFFER SEMIPHORES ALL 'E’



B EETETREREETRRREERTRERETES

FD21888
COBF89

DD21A%84
FD218884A

(07189
CD5Fa?

DD21A48A
FD218884
CDA3s?

DD215788
FD218884
CDBF8?
Cb4Das
DD21Ad8A
FD21888A

(07189
110400
010000
CD4Dsy

COSFaY
DD215788
FD218434

1581

-

-0

we wa s

SEEECEEREEEEEREHE EES

SEEHE 23 HBE=RE

REEEEEEEESEEES

33

ITR
LDZBCDE
WECDE

BSTACK
ITER
DSTACK

FIXADD
UDSTACK

ITERR
ST4BCDE

PNTALS
ITER
LD2BCDE

3(BEDE)2=A16( ITER)
DU BCOE REGISTERS

sPUT(BCDE) ONTO 32 BIT STACK

$(BCDE) :=A32(ITER)
sDUNP BCDE REGISTERS

$(BCDE) :=RESULT QF 32BIT INTEGER ADD
sDUP BCDE REGISTERS

3(A32(ITER)) 2=(BCDE)

;CHECK MITERATION COUNT

3$(BLDE) 2=(A14(ITER))
$(BCDE) OWTD 32 BIT STACK OF T9511

3(BCDE) :=(A32(ITER))
$(BCOE) ONTO 32 BIT STACK OF T9511
3ADD 32 BIT INTEGERS TOGETHER

3DIVIDE BY TEN
s(BCDE) HAS AVERAGE OF TEN VALUES

$(BCDE) :=(A14(ITER))
SCHECK ITERATION COUNT

A4

T9SLICTRLPORT 3INPUT THE STATUS WORD
A 3SET WP FLAGS
ToTRUSYL 3BIT 7 SET HEAWS 19511 IS BUSY
Pou 3

PH
T95BUSY MALT UNTIL 19513 NOT BUSY
%] 3158 10 STACK
1951 1DATAPIRT
A SHEXT BYTE T0 STACK

80



Dan4

D34
78

Fi

§§§§a QE%?Q%%%QE;H Q

Apved

UDSTAC :

FIXADD:

$NEXT SIG BYTE TO STACK OF 19511
$HSB BYTE 0 STACK OF 19511

T9SBUSY SWAIT UNTIL T9511 NOT BUSY

1DATAPORT $MSB FROM STACK OF T9511

1DATAPORT $NEXT BYTE FROM STACK OF 19511

T9511DATAPORT $MEXT BYTE FROM STACK OF 79511

:
:

FDOIV:

3 HIEEE 3 AIIvEEEEYEE AISI8EE

#)02tH 332 BIT FIX POINT ADD

OD3H
STAT
PSR

PSH

b
-

EEEE

LDMBCDE:

]

#)02PH 332 BIT FIX POINT DIVIDE

0D
STAT
PSW

9

3

sTHIS SUBROUTINE LOADS A 32 BIT ARRAY ELEMENT INTO

sTHE REGISTERS BCDE, REGISTER B HAS HOST SIGNIFICANT BYTE,
sREGISTER E HAS THE LEAST SIGNIFICANT BYIE.

5
sTHIS SUBROUTINE HAS A CALLING SEOUENCE

3 IXIX A2
H IXIY ITER
H Call LD4BCOE
PUSH PSé
PUSH H
MORY 1,0
MRY  Hyl
DAD H
DAD H
PUSHX
PoP B
DAd B
o EM
W H
WV DM
MW H
NV (M

81

$(HL) :=CONTENTS(ITER)

3 (HL) :=4xCONTENTSCITER)

3¢(BC)Y2=(IX)

$(HL) 3=AZ(TTER)



qae 2y

LLB9BY

£489BA

Jpde BIBaE 9 Eg 2 gg CRZRVRY]

7 J 3

aa

583581%§S1§§SZittkiﬁiﬁitiﬁikikitiklgggtig
E "B

1713
1714
1715
1716
1717
1718
1719
1720

1724
175
1726

1730
173t

1743
1744
1745
1746
1747
174
1749

1751

B,M 3(BCDEY:={4 BYTES OF A32(I))

33 2g

ST4BCDE:

3

3THIS SUBROUTINE STORES THE REGISTERS BCDE INTO 4 32 BIT ARRAY ELENENT
3 REGISTER B HiS MOST SIGNIFICANT BYTE,

REGISTER E HAS THE LEAST SIGNIFICANT BYTE.

3
$THIS SUBROUTINE HAS A CALLING SEQUENCE

3 LXIX A32

3 LXTY IR

3 CALL ST4BCDE
PUSH e

H
B
b

1,0
Hyl $(HL) s=CONTENTS(ITER)

H
H §(HL) 3=4uCONTENTSCITER)
B $(BCY2={IX)

$(HL) 32AZ2( ITER)

34 2zZ@d ET=EEd E %g EE gg Eii

LDZBCDE:

Emssmmmnsnsmmvmmmmlmm.
$REGISTER BC S 16 BIT ZERO
$REGISTER DE HAS THE 14 BIT INTEGER.

3
3THIS SUBROUTDE WAS A CALLING SEOUENCE
3 IXIX  PNTALS
iy LIy IR
3 CALL  LD2BCOE
PUSH Py

PSH W

R L0

OR  H $(HL) 1=ABDR(ALS)

e $(DE) :=ADDR(A16)

MOVRY L.0

82



489B FDSK0L 1779 WY H1 $(HL) SCONTENTS TTER)

LB9CE 29 1781 bad H 3$(HL) 2= 2%CONTENTS(ITER)
& 1782
HBXF 19 1783 b ] $(HL) 2=ADDR(A16)+24CONTENTS( ITER)
& 1784
& 1785
LA0 SE 178 o EN
&AM 23 1787 X H
ieR9m2 56 1788 o b 3(DE) LOADED WITH 16 BIT INTEGER
1789 sWHOSE ADDRESS IS IN (HL)
17%0
010000 179 X1 B0 $(BC) SETTO O
1792
2 1793 POP H
Fl 1794 POP PSW
e 1795 RET
1796  STZ2BCDE:
1797

3
1798 ;THIS SUBROUTINE LDADS THE REGISTERS BCDE INTO A 16 BIT ARRAY ELEMENT.
1799 JREGISTER BC HAS 14 BIT ZERD
1800  REGISTER DE WAS THE 16 BIT INTEGER.

kigslgsslS:gg%g&ikislkiRisisfﬁigiklgggﬁigﬁisi

1801 3
1802  ;THIS SUBROUTINE HAS A CALLING SEQUENCE
1803 3 LXIX PNTALS
1804 3 XTY ITRR
1805 3 CALL LD2ECDE
F5 1806 PUSH PSH
5 1807 PUSH H
] 1808 PUSH B
b5 1809 PUSH D
1810 3
1811
DDSEDO 1812 HORX Lo
DDésOL 1813 MOURX Hyt 3(HL) 2=ADDR(AL4)
1814
B 1815 XCHE 3(DE)2=ADDR(AL6)
1814
ELBYEA  FDSEOO 1817 MOWRY L,0
iLB9E7  FD6S0L 1818 HWRY Hyt 3HL) 2=CONTENTS{ITER)
i 1819
iLBYER 29 1820 D H 3(HL) 2=26CONTENTSC ITRR)
& 1821
L8988 19 1822 D ) 3$CHL) 2= 25CONTENTS(ITER)4ADDR(A16)
& 1823
B89EC D1 1824 PP D sRESTORE DE PAIR AS IT WAS ON ENTERING
& 1825
& 1826
&850 73 1827 L1 Y N,E H
LBIEE 23 1828 INX H
LBIEF T2 1829 "o KD 3(DE) STORED AT ADDRESS CONTAINED IN (HL)
& 1830
L8R 1 183t POP B $RESTORE BC
UBF B 1832 POP H
LBIFZ Tt 1833 POF P
Li89F3 Y 1834 RET
& 1835  CLEAR:
& 1836 3
& 1837  ;THIS SUBROUTINE HAS A CALLING SEDUENCE
& 1838 XI HyA32
& 1839 3 IXI By48
& 1840 3 CALL CLEAR
i 1841 3
& 1842 $THIS SUBROUTINE CLEARS AN ARRAY OF 32 BIT ELEHENTS.
& 1843 . IS THE BASE ADDRESS
& 1844  BC IS HOMW MANY BYTES 10 ZERD
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L8001

AR 113111111011 111 I e iR ]

"y DH
1Y E)L
X D
wI M, 000
IR
STAT:
PISH  PSH
PEH R
STAT2: bt | OD5H
(RA A
A STAT2
AT (1]
a STATL
Wi AT
CALL o1}
STAT1:
POP H
PoP PSe
RET
ALIGN:
PUSH Pk
w1 A,01H
wr OD4H
L1 A,00H
ot 2]
w1 A,01DH4
ar )]
CALL T9SHISY
HH:
bt ] OD4H
>4 0tH
aZ )
b 4 P
34
v &
3 WRITE MESSAGE 0K
pusH D
X1 DAY
CALL nSE
CALL CRLF
[ 4 D
RET
DONE:
3 WRITE MESSAGE DONE
PUSH b
IXI D,DONEE
CALL 56
POP D
RET
w1 A0’
(AL ©0
M 'K
(AL ©
RET

!

0 ws wo we wo

84

3(DE)2=(HL)+1

$7ER0 INITIAL LOCATION
M ZERD ALL 48 BYTES

SISOLATE BIY 4,3,2,1

.
k]

PRINT AMESSAGE OM CONSOLE.

D-REGISTER POINTS 10 BYTE CONTAIM(NG LENGTH
OF MESSAGE. MESSAGE IS IN THE BYTESFOLLOWING

LENGTH BYTE.



§§§}::s:(::z::!::(::s:[::s::a:s:g:

£

W

5

FEERRERRRE RERERTEE

M1

5%

L4
LLBATS
$27 v

8

23

EEREREERERECEESE

EL5880

g% gggsmggm Qﬂggﬂ QEEEE QE§§§§§§3§

1949

C 19

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966

1968
1969
1970
1971
1972

1974
1975

WP B WP HD WSS B BP WO BP B0 WD

2
@
2

g

2
HIgpEgdpagdy #3338 BEEY EaE

S
o

]
%
3823 #3S

:

53833 &

g

.

3
B

2
3
EQERE

Alés

DOKE

LGTH

OLH,02H 03 O4H ,0SH , 06k, O7H, 08, 0FH , Wk, OB, OCH

85

CALLING SEQUENCE

X1 D,DONE
CAL M6

% LGTH,” DONE®

E $-(DONE+ L)

i

$SAVE STATUS AND A REG

3GET LENGTH OF NESSAGE
SAVE IT INH

sPOINT TO FIRST BYTE OF MESSAGE
3y 10 QUTPUY

$BYTE OF MESSAGE INTO A

OUTPUT OHAR
SPOINT 0 NEXT BYTE

3 MNUFBER OF CHARS TO BE QUTPUT
H DIMINISHED BY ONE
3ERANCH IF THERE ARE



LiBAY4 0400

& 0 ERRIRS

1976
1977
1578

1980

i981
1982
1983

&Ry 1=0,53/3.15 07:23:38

&

A32: 3

4%20

T9SLICIRLPORT EQU  ODSH
T951iDATAPORT EQU  OD4H

OKkaY: DB

DONEE: DB
oRe

BUFFO: DS
B

86

4, 0K’ ,CR,LF

6" DONE’ (R, LF

2048210



FILE:

C
235

GENERIC TRAJECTORY (B.2)

GTRAJ1 FORTIRAN A1 PRINCETCN UNIVERSITY TIME-SHARING SYSTEM

COMHON/CONM/C {2000)
COMMON/DEGREE/DUMNY2 (5)
COMMON/RK/DUNMYS (112)
COMMON/RUNOUT/DUMMYS (1)

CONTINUE

CALL MYINIT

CAIL MYRUN

GOI0 235

END

SUBROUTINE MYINIT
CALL INPT

CALL INIT

CALL DYNAMI
RETUEN

ENL

SUBRCUTINE MYRUN
COMMON /COM/C (2000)
COMMON/RUNCUT/DAN
COMMON/STINAV/XST (7) ,¥YST {7) ,2ST (7) ,DIRECQ(7) , ISTDHE, ISTVCR

1,B1{40) ,NOYES {40) ,SIGHA(40)

COMMON/DOUBLE/DS EED, DDS

DOUBLE PRECISION DSEED,DDS

EQUIVALENCE {C{203),TIME), {(C(207),NSTEP)

EQUIVALENCE (C(211),TIMPR), (C(212) ,TIMPLT), (C(213),TIMTTY)
EQUIVALENCE {C(241),d1), (C{244),TINSOF)

CHExX KRk XEXkk**TEMPORARILY ¢

Cc
259

C

C

C
242

C
82

C

DO 259 I=1,40
R1{1)=0.

DAN=0.
CALL EREROR

CONTINJE
IF(TIME.LT.TIASOF)GOTO B2
DAN=2,

CALL OOUTPT

CALL FINT

GO0T0 109

CONIINUE

C**xNCISE HAS T0 BE DRAWN FROM RANDCM GEN FCR FACH CEANN EVERY DT AND

C***BE AVAILABLE FCR SUBROUTINE OUTPT AT WHATEVER REQUIRED RECORDING
C**x*INSTANYS.
C**%x¥CALL GGNPM (DSEED,30,R1)

C

Ck&E%¥R,

C

DSEEC=DSEEL+4LDS

CALL 1GGIC
K. LOOP

DC 246 J=1,4
J1=3

87

G1
G1

Gl

G
GT
G1
GT
GI
G7
GZ
G1
G1I
G1
G1
G1
61
Ga
57
GI
G1
GE
G1
GT
G1I
GT
G
GT
GI
G1

T
G171

GT
53

T
i
G1T
GT
&1
GT
GT
GT
67
G1I
GT

GT
GT

~
i

6T
GT
T
GT
Gm
g7
GT



FILE: GTRAJI1 FORTRAN A1 PRINCETON UNIVEBSITY TIME~SHARING SYSTEHM

CALL ROTAT GTR
CALL DYNAHM GTE

C GTR
IFP(iIME.LE.O0.)CALL CUTPT GTR
CALL RKG GTER

2495 CONTINDE G7L
C GTK
C G™xR
NSTEP=NSTEP+1 GTE
IF(TIME.LE.TIAPR.,AND,.TIAE, LE. TIMPLT, AND, TIME.LE, TIMTITY)GCTOC 242 GTR
CALL oured GTEk
GOTC 242 GTEL

100 CONTINUE GTE
RETURN GTR

END Pt
BLOCK DATA GTE
COMMON/DEGREE/TET0,Q0{50) ,P51I0J,PHIO0J,wP0J (50),W¥R0J (50) GIFE
COMMON/PROG/TACCX (50) ,TACCY (50) ,TACCZ (50) , IBPRCG( 50}, GTR
1WBPC (50) ,¥RC (50) ,¥QC(50),NTIHNE, TSWTCH(15) , ISWTICH GTE
COMMON/COH/C (2000) GTE
COMMON/ALEET/XBETA,ZBETA,XALPHA, YALPHA ' GTR
COMMON/STNAV/XST(7) ,¥ST{(7),28%(7) ,DIREQ(7) ,ISTDME,ISTVOCR GTE
1,R1{(40) ,NOYES (40) ,SIGHA{40) GTR
CCMMON/DCUBLE/DSEED, DDS GP R
DOUBLE PRECISION DSEED,DDS GTR

C GIR
EQUIVALENCE (C(202),NRATE) GTE
EQUIVALENCE {C(214),DTPR), (C(215) ,DTELT), (C{(216) ,DITTY) GTF
EQUIVALENCE (C(220),IPR), {C(244),TIMSCF) GTE
EQUIVALENCE (C{341),H0),{(C{347),XED),(C(348),YEQ) GT:
EQUIVALENCE (C(277),U05PEDO), (C(278) ,VSPEDO), (C(279),¥SPEDO) GTE

C GTR
DATA HO/116./,TIN5CF/60., /,TET0/10./,P5103/0./,PHI03/12,7/, Gk
INTIME/ 15, ,0SPEDO/125./,VSPEDO/0./ ,WSPEDO/ 12./ GTR
2,TPR0G/0.,60.,61.,100.,101.,160.,161,.,43%600./, GYR
600 /2%.6,2%0,.,2%.6,44%0./, GTK
TWP0J/2%~,.5,2%0.,2%.,5,44%0,/, GTE
9WB0J/2% 2,86, 2%0,,2%-2.86,44%0,/, GTER
BTACCX/2%,179,2%,096,2%,179,2%~,206,42%,2/, 53TR
CTACCY/40%0.,10%0./, GTs
DTACCZ/2%~1.003,2%,994,2%~-1,003,2%-,985,42%-1,/ GTR
DATA NEATE/20/,DTPE/400./,DIPLT/400./,D27%Y/1./, GLE
1IPR/1/ ’ GTR
2,XBETA/Q./ ,ZBETA/0./,XALPHA/O./, YALPHA/OL/ GTE
3,XST/7%#120000./ GTE
4,YST/7¥#¥1200CC./ G7E
5,281/7%0./ GTR
6,DIREQ/T7*32./ GTR
7,ISIDME/ 1/ ,i8TVOR/1/ GTE
DATA DSEED/1.DO/,DDS/1.D0/ ,NCYES/40%*%0/,5IGHA/40%0,./ GTE
DATA ISWTCH/1/,TSHICH/15%600./ GTE
1,XE0/0./,YE0/0./ GTE
END GRE
SUBROUTINE INPT GTHR
INTEGER FILE (6),GO GTR
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FILE:

c

235
502
503

500

220

501

504

GTRAJ FORTRAN A1 PRINCETON UNIVERSITY TIME-SHARING SYSTEM

10GICAL SOF
DIMENSION NAME(8) ,LNAME(4)

COMMON,/COM/C (2000)
COMMON/DEGREE/TETO,00 (50) ,PSI0J, PHIOJ, WEOJ (50) ,¥ROJ (50)
COMMON/PRGG /TACCX (50) ,"ACCY (50) ,TACCZ (50) ,TPROG(50),
1WPC (50) ,%RC (50) ,WQC (50) ,NTIME,TSWTCH (15) , ISWTCH
COMMGN/ALBE4/XBETA,ZBETA, XALPHA,YALPHA
COMMON/STNAV/XST (7),YST (7) ,2ST (7) ,DIREQ(7) ,ISTOM F, ISTVOR
1,R1{40) ,NOYES (40) ,SIGHA (40)

COMMON/DOUELE/DSEED, DDS

DOUBLE PRECISION DSEED,DDS

EQUIVALENCE (C (202),NRATE)

EQUIVALENCE (C(214),DTPR),(C{(215),DTELT), (C(216) ,DTTITY)
EQUIVALENCE (C(220),IPK), (C(243),IF2),{(C(244), TINSOF)
EQUIVALENCE (C(341),H0), (C(347),XE0), (C(348),YED)
EQUIVALENCE (C(277),USPEDO), (C(278),VSPEDC), {C{(279) ,WSPEDO)

NAMNELIST/INE/FILE
NAMELISi/INCN/HO,TETO,Q0,TIMSOF,PSI0J,PHIOI,%P0J,WR0T,
1TACCX,TACCY,TACCZ ,NTIME,TPROG ,USPEDO,VSPEL(O,NSPELD
2,XBETA,ZBETA,XALPHA,YALPHA
3,X¥s1,YS7,2Z5T,DIREQ,ISTDME,ISTVOR
4,TSATCH,XEC,YED

NAMELIST/P ARM/NRATE,DITTY,DTPR,DTFLY,IPR,DSEED,DLS, NOYES,SIGHA

DATA NAME/YHINCN, 4HPARM, 4H 48 Pr-3: L4H JH4H o4H
CONIINUE ‘

PRINT 502

FORMAT (1H ,'TO CONTINDE ENTER F,TO STOP ENTER TV)

REAT 503,SCF
FORMAT (L1)

IF (SOF)3TOP
PRINT 500
FORMAT (1H ,*FNTER DESIRED FILES IN NAMELIST INP',/)
READ (5, INP)
IF1=FILE (1)
IF2=FILE(2)
IP3=FILE (3)
IF4=FILE (4)
IFS=FILE (5)
IF6=FILE (6)

DO 220 I=1,2
LNAME (I)=NAME (1)
CONTINUE

IF (IF1.EQ.5)ERINT 501,LNANE

PORMAT (1H ,'ENTER NAMELISTS ' ,Au4,A4,*IN THIS ORDER',/)
IF(IF3.NE.C)READ(IF1,INCH)

IF (IF4.NE.O)READ (IF1,PARH)

PRINT 504

FORMAT (1H ,'TO RUN ENTER 1,I0 MCDIFY INPUT CATA ENTER 0%)
READ 505,60
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G1
G1
GI
G1
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G1
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L
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FILE:

505

229

248

GTRAJ FORTRAN A1

FORMAT (I1)
IF(GO.NE. 1) GCTC 235
RETURN

ENT

SUBROUTINE INIT

PRINCEYION UNIVERSITY TIME-SHARING SYSTEM

DIMENSION IPL (100),IPD{100)

COMMON /COM/C (2000)

COMMON/DEGREE/TETO,Q0(50) ,PS10J,PAINJ, WP0J (50) ,¥R0J (50)
COMMON/PROG /TACCX (50) ,TACCY (50) ,TACCZ (50) ,TPROG {50) ,& PC (50),
1¥RC (50) , 4QC (50) ,NTIME, TSWTCH (15) ,ISWTICH
COMMON/RK/ARK (4) , BEK (4) ,CRK {4) ,QRK (100)

EQUIVALENCE (C{(201),N)

EQUIVALENCE (C{202),NRATE), (C(203),TINE), (C(204),TIMED)
EQUIVALENCE ({C (205) ,DT), (C{207) ,NSTEE)

EQUIVALENCE (C(211),TIMPR), (C(212),TIMBLT), (C(213), TINTTY)
EQUIVALENCE (C{214),DTPR), (C{215),DTELT), (C{216) ,DITTY)
EQUIVALENCE (C(217),LINE), (C(218),NPRINT), (C(219),NFLOT)
EQUIVALENCE ({C(222),NSQ2)

EQUIVALENCE (C{(242),CRAD),{C(370),GRAV1), (C(319),THETO)
EQUIVALENCE (C(318),PHIO), (C (320),PSID)

GRAVI=32.17

ARK(1)=.5
ARK(3) =1.+1./50RT (2.)
ARK (4)=1./5.
BRK (1)=2.

BRK (2)=1.

BRK (3)=1.

BRK (4) =2.

CRK (1) =2ARK (1)
CREK(<Z) =2ARK(2)
CRK (3) =ARK (3)
CRK (%) =ARK (1)
b0 229 I1=1,100
QRK (Z)=0.

NS Q2=1

PI=4.*ATAN (1.)
CRAD=180, /P21
THET0=TETO/CRAD
PSI0=PSIOJ/CRAT
PHIO=PHIOJ/CRAD

DO 248 I=1,NTIME
WPC(I)=WPO0J(I)/CRAD
WQC (I)=0Q0 (I)/CRAD
WRC (I) =¥RO0J (I) /CRAD

IPL{1)=203
IPD(1)=204
N=1
C{1)=IPL(1)
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GTR
GTE
GTR
GITF
GTE
GTE
GTE
GTR
GTk
GTE
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GTE
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FILE:

507

GTERAJ1 FCKIRAN A%

C(101)=IPD (1)

TINE=0.

TIMED=1.

NSTEP=0

NRAT=NRALE
DT=1./FPLOAT (NRAT)

NPRINI=D
KPI0OT=0
LINE=60
TIMPR=DTPR-.5%DT
TIMPLT=DTPLT~,.5%*DT
TIATTY=DITTY-.5%DT
IF{LITIY.GT.50.)

RETUERN

ERL

SUBROUTINE ERROR
PRINT 507

PRINCETON UNIVERSITY TIKHE~-SHARING SYSIEHM

TIMTTY=1000.

FORMAT (1H ,'RUKNING NOW?', /)

RETUEN
ENT
SUBROUTINE DIYINAMI

DIMENSICN IFL (100),IPD(100)

COMMOK /COM/C {2000)

FQUIVALEKCE (C{201),N)

EQUIVALENCE (C{205),DT)

EQUIVALENCE (C(311),TET), (C(319),THETO), (C(312), BHI)
EQUIVALENCE (C{(318),PHID),(C(310),PSI), (C(320),PSI0)
EQUIVALENCE (C(334),XE), (C(335),YE), (C(336),2F)

EQUIVALENCE {C (341),HO), (C(343),HM), {C(347),%ED), (C(348),YED)
EQUIVALENCE (C{(271),USPEED), (C(277),USPEDO), (C(272),VSPEED)
EQUIVALENCE (C(278),VSPEDO), (C{273),%SPEED), (C{279) ,NSPEDD)

N=K8+1
IBL(N)=310
IPD(N)=314

N=N+1
IPL (N)=311
IPD(N)=315

N=N+1
IPL(N)=312
JBPL{N)=316

N=N+1
IPL(N)=271
IPD(N)=274

N=N+1
IPL (N)=272
IPD(N)=275

N=N+1
IPL{N)=273
IPD(N)=276

F=N+1
IPL{§)=334
IPD(N)=337
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FILE: GTEAJ1 FCRIRAN A1 PRINCEICON UNIVEIRSITY TIME-SHARING SYSTEM

B=N+1 ’ : GTR
IEL(N)=335 GTH
IPL(N)=338 : GTR

=N+1 GYF
IPL(N)=336 GTR
IPD(N)=339 GTE

C GTE
TET=THETO GTk
PSI=P310 GTE
PHI=PHIO GTR
XE=XEO GTh
YE=YED GTR
ZE=-H0 GYE

HA=HD GTER

C GTR
USPEED=USPELO GTE
VSPEED=VSPEDD GTR
WSPEED=WSPEL(Q GTE

C GTE®
DO 111 I=2,N GTR
C{I)=IPL(I) GTE

111 C{100+4I)=IPI (I) GTR

C GTE
RETURN GTR

END GTER
SUEROUTINE LOGIC GTR
COMMCN/CCHM/C (2000) GTR
COMMON/PROG/TACCX (50) ,TACCY (50) ,TACCZ (50) , TEROG{50), GTR

1#PC {(50) ,#RC {50) ,WQC (50) ,NTINE, TSWTCH(15), I3WICH GTR
EQUIVALENCE (C{302),%Q),(C(303),%R),({(C(301),%P) GTF
EQUIVALENCE (C(531),ACCX),{C{532),ACCY),{C{533), ACCZ) GPE
EQUIVALENCE (C(203),TIME),(C(311),TET) GTE
EQUIVALENCE {(C{312),PHI), (C(272),VSPEED), (C{205) ,DT) GTR
IF(TIME.LT.ISW2CH(ISWICH))GCIC 11 GTE

IP (ISWTCH.EC.1)GOTO 12 GTR
IF(ISHTCH. EQ.2)G0%0 13 GTE
PHI=0. GTR
TET=-, 1745 G E
ISWICH=ISHTCH+1 _ GTR

GOTC 11 _ : GTE

13 PHI=12.7%.01745 GTE
TET=,1745 GTR
ISWICH=ISWICH+1 GTE:

GOTO 11 GTR

12 PH1=0. GTE
TET=.096 GTR
ISHTCH=ISNTCH#+1 GTE:

11 CONTINUE GTR
C***¥FOR THIS N.L. MODEL TRANSITION BETIWEEN COMPUTATICNALLY PREDICTED GT &
C**%STEALY STATES WILL ANYWAY BE ARTIFICIAL. THUS, THE TSWTCH~-OCPTIION GTE
C***TIS DEFFERRED AND ONLY THE FIRST SQUINT-SEGMENT IS USED IN EACH RUN. GTR
C**¥RESULTS OF ALL RUNS APPEND TC EACH OTHER CN FILE 10('DISP MOD!- GTEH:
C***¥0OPTICN OF FILEDEF-BEFORE THE CONSECUTIVE RUWS OF THE JOB). GTR
C***THE CREATED FILE HAS ALL DATA-VARIABLES OF A GIVEN INSTANT AS 2 G7 B
C***RECORD. IT'S COMPATIBLE WITH APL-LINPLOT(BLANKS EBETWEEN VALUES), GTR
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FILE: GTRAJ1 FORTRAN A7 PRINCETON UNIVERSITY TIME-SHARING SYSTEN

C**#AND A SEPARATE PROGRAY CONVERIS IT 10 A TIME-VECIGR-RECORD FILE, G
WQ=SQUINT (TIME,TPROG,WQC, NTIME,1) 61
#P=SQUINT (TI¥E,TPROG,WPC, NTIHE, 1) el
WR=SQUINZ (1IME, TPROG, WRC, NTIME, 1) 31
ACCX=SQU INT (TTHE , TRROG , TACCX, NTIAE, 1) &1
ACCY=SQUINT (1IME, TPROG, TACCY,NTIXE,1) 61
ACCZ=SQU INT (TINE, TPROG,TACCZ, NTIHE, 1) 61
RETURN G
ENL a1
SUBROUTINE LYNAM a7
COMMON/COH/C (2000) G

c 61
EQUIVALENCE (C(302),WQ), (C(311),TET),(C(315),DTET G1
EQUIVALENCE (C(321),VX), (C(323),72) &1
EQUIVALENCE (C{334),XE), (C(336),2E), (C(337),XED), (C(339),ZED) 61
EQUIVALENCE (C(351),CEB11) 61
EQUIVALENCE (C(353),CEB13), (C(357),CEB31), (C(352),CEB33) 61
EQUIVALENCE (C(310),PSI), (C(312),PH1), (C(314),DPST), (C(316) ,DPHI) G
EQUIVALENCE (C{301),#P), (C(303),WR) 61
EQUIVALENCE (C(322),VY), (C(335),YE), (C(338),YED) o1
EQUIVALENCE (C (439),CS), (C(340),SNF), (C(481),C5T), (C (442) ,SN) G2
EQUIVALENCE (C(352),CEB12), (C(354),CEB21), (C(355),CEB22) 61
EQUIVALENCE (C(356),CEB23),{(C(358),CEB32) 61
EQUIVALENCE (C(531),ACCX), (C(532) ,ACCY), (C (533),ACCZ) G1
EQUIVALENCE (C(271),USPEED), (C(272) ,VSPEED), (C(273) ,#SPEED) 63
EQUIVALENCE (C(274),DUSPED), (C(275) ,LVSPED), (C(276) ,DWSPED) G1
EQUIVALENCE (C{370),GRAV1) 61

c G1
LPSI= (WR*CSE+RQ*SNF) /CST - 61
DTET=HQ*CSF-WR¥SNF 61
DPHI=WP+DPSI*SNT 61
CALL DBTCI (USPEED,VSPEED,WSPEED,CEB11,CEB12,CEB13 o1

1,CEB21,CEB22,CEB23,CEB31,CEB32,CEB33,VX, VY, VZ) 61
XED=VX G
ZEL=VZ G1
YED=VY 61
DUSPED=-WQ#WSPEED+WR¥VSPEED-GRAVI*SNI  +ACCX*GRAV 1 G

CH*#% %DV SPED=- WR*USPEED+WP*HSPEED+GRAY 1#CST#SNF ¢ ACCY*GRAV1-ASSUME COORL. GI
DVSPED=0. a1
DWSPED=+HQ*USP EED-KP*VSPEED+GRAV 1¥CST#CSF+ACCZ *GFAV1 61

c 61

c G1
RETURN a1
END , G1
SUBROUTINE FINISH 6T
COMMON/COM/C (2000) 61
COMMON/REC/23 (2000, 20) 61

c a1
EQUIVALENCE (C(203),TIME), (C(217),LINE), (C(218), NPRINT) 61
EQUIVALENCE (C(219),NPLOT), (C(220),IER), (C (243),IF2), (C(242) ,CRAD) CT
EQUIVALENCE (C(212),TINPLT) 61

¢ 61
ENTRY FIND Gy
WRITE (IF2,516) 61

516 FORMAT (1H ,'TIME IS OVER',///) ez
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121
531

517
518

301

GTRAJ FOBRTRAN A1 PRINCETICN UNIVERSITY TIME-SHARING SYSTEH

IP (NPLOT.LT.Z)GOTO 518

DO 121 I=1,8PLCT

WRITE (10,531) (A3(I,d),d=1,16)

FORMAT (1H ,16 (FS.2,X))

ENDEILE 10

WRITE (IF2,517)NPLOT

FORMAY (1H ,I15)

CONTINUE

RETOURN

ENL

SUBRGULINE CUPPY

COMMON /COM/C (2000)

COMMGN/RUNCUT/TAN

COMMON/REC/A3 (2000, 20)

DIMENSION RLME(7),VOR(7)
COMMON,/ALBET,XBETA,ZBETA, XALPHA, YALPHA
COMMCN/STNAV/XST{7),YST(7),2%2ST{(7) ,DIBEQ(7) ,ISTDHE,ISTVOR
1,R1({40),NCYES (40) ,SIGHMA(40)

EQUIVALENCE (C(336),2E)

EQUIVALENCE {C(203),TIME),(C(211),TINPR), (C(212),TIMNPLY)
EQUIVALENCE (C(213),TINTTY), (C(214),CTPR), (C(215),CTPLT)
EQUIVALENCE (C{216),D2TPY), (C(217),LINE), (C(218) ,NPRINT)
EQUIVALENCE (C(219),8PLOT), (C(242),CRAD), (C(243),I£2)
EQUIVALENCE (C {302),WQ), (C{321),VX), (C(323),V2), (C{334),XE)
EQUIVALENCE (C(343),HM4), (C(311),TET)

EQUIVALENCE (C{310),PSI}, (C(312),PHI)

EQUIVALENCE (C(301),%P), (C(303),WR), (C(322),VY), (C(335),YF)
EQUIVALENCE (C(531),ACCX), (C(532) ,ACCY), (C(533),3CCTZ)
EQUIVALENCE (C(271),USPEED), (C(272),V3PEEL), (C(273) ,¥SPEED)

WPJ=CRAD*WP+NOYES (1) *SIGHA (1) *R1 (1)
WOJ=CRAD*W +NOYES (2) *SIGMA (2) *R1(2)
WRJ=CRAD*WR+NOYES (3) *SIGMA (3) *&1(3)
PSIJ=CRAD*PSI+NOYES (4) *SIGMA (4) *R1(4)
THETJ=CRAD*TET+NOYES (5) *SIGHMA (5) *R1(5)
PHIJ=CRAD*EHI+NOYES (6) *SIGMA (6) *R1(6)

VAIR=SQRT (USPEED**2+VSPEED**2+WSPEEL*#2) +NOYES (7) *SIGMA (7) *R1(7)
VRP=VSPEED+WR*XBETA-WP*ZBETA '
USPL=USPEEL

BETA=ATAN2 (VRP,USPD)
BETAJ=CRAD*BETA+NOYES (8) *SIGNMA (8) *R 1(8)

WOR=WSP EED- WC* XKALPHA+WP*YALPEHA

ALPHA=ATAN2 (WQR,USPD)
ALPHAJ=CRAC*ALPHA+NOYES (9) *SIGHA (9) *R1 (9)
HM=~ZE+NOYES (10) *SIGHA (10) ¥R 1(10)

DC 301 I=1,ISTDME

RDME (I)=SQRT ( (XE-XST (I)) **2+ (YE-YST (I)) **Z+ (ZE-ZST(I)) *%2) +
INOYES ( 10+I) #SIGMA (10+I)*R1 (10+I)

DO 302 I=1,ISTVOR

YVCR=YE-YST (I)

XVOR=XE-XST (I)

REQ=DIREQ (I)/CRAD

RONITX=COS (REQ)
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GTE
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EFS
GTE
GTER
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GTR
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GTR
GYE
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GTE
GTE
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GTE
GTE
GYE
GTE
GYTE
GTE
GTE
GTE
GTR
GIn
GTR
G
GTR
GTE
GTR
GIER

T5:
GT &
GTIE
GTR
GTH:
GTER
GLRi
GTR
GT b
GIF
GT R
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RUNITY=SIN(REQ)

™
A

VCOS=ABS ( (XVCR¥RUNITX+YVOR*RUNITY)/SQRT (XVOR**2+ IVOR* %2} ) GT
RVOR1=ARCOS (VCOS} GT
RYGR=CRAL*RVCR1+NOYES (10+ISTDME+I)*SIGMA (10+ISTDME+T) * G

1R1 (104 ISTDME+T) 6T

302 VOR (I)=SATF {RVOR,10.) e
VXY=SORT (VE*VX+VY*VY) GT
VZN=-VZ 67
GAMV=ATAK2(VIN,VXY) 6T
GAMVI=CRAD*GAMV T
GAMH=ATAN2(VY, V) GT
GAMHI=CRAD*GAMH T
ACCX=ACCX+NOYES (10+ISTDME+ISTVOR+1) *SIGHA (10+IS2DME+ISTVOR+ 1) * 67

1R1 (10+ISTDME+ISTVOR+ 1) GT
ACCY=ACCY+NCYES (10+ISYDME+ISTVOR+2) *SIGHA (10+ISTDME+ISTVOR+2) & GT

1K1 (10+ISTDME+ISTVOR+2) GT
ACCZ=ACCZ+NCYES (10+ISTDME+ISTVOR+3) ®*SIGHA (10+ISTONE+ISTVOR+3)* 57
1R1(10+ISTD4E+ISTVOR+3) GT
C***NOW,IF TRIGGERED-CONTAMINATION BY NOISE;IF NOT-BYPASSED. GT
C GT
C**%QUTPUT OPTIGCNS: GT
C*#* 1.SHCRT (TERMINAL) PRINTOUT; 6T
C*** 2_.LCNG PRINTCUT OF FIRST BUNCH,SECOND OR BOTH; GT
C*** 3,CREATION CF 1SEC-INTERVAL-FILE OF LATA(SAME A$ FLIGHY FILE)- G
Cx%* -T0 BE PRINTED,PLOTTED OB FURTHER PBOCESSEE. 6T
c 7
IF(1IME.GT.0..AND.DAN.LT. 1.) GOTO 879 GT

PRINT 508 6T
WRITE(IF2,511) TIME,VAIR, GAMVJ,GAMHJ,HN,XE,YE,PSIJ,THETJ, GT
1PHIJ,VOR (1) ,EDME (1) ,ALPHAJ, BETAJ GT

879 CONTINUE GT
IF (TIME.LE.TINPR) GOTO 241 GT

IFP (LINE.NE.60)GOT0 259 b

WRITE (IF2,508) GT

508 FORMAT (1E1,' TIME VAIR GANVJ GAMEJ aM XE 67T
1YE PSIJ THETJ PHIJ VOR(1) RLME(1) ALPHRJ  BETAJ')GT
NPRINT=NPRINT+1 GT

LINE=1 6T

259 CONTINUE GT
WRITE(IF2,511) TIME,VAIR, GAMVJ,GAMHJ,HM,XE,YE,PSIJ, THETJ,PHIJ, GT

1VOR (1) ,RDME (1) ,ALPHAJ,BETAJ el

511 FORMAT (1H ,5F7.1,2F10.1,4F7.1,F11.1,2F7.1) 6T
NPRINT=NPRINT+1 6T
TIMPE={IMPR+[TER GT
LINE=LINE+] 6T

241 IF(TIME.LE.TIMPLT.OR.NPLOT.GE.2000)GOTO 247 6T
NPLOT=NPLOT+1 GT

A3 (NPLOT,1)=TIME Gy

A3 (NPLOT,2) =%PJ GT

A3 (NPLOT,3)=WQJ GT

A3 (NPLOT, 4) =WRJ GT

A3 (NPLCT,5)=ACCX GT

A3 (NPLOT, 6) =ACCY GT

A3 (NPLOT,7) =ACCZ 6T

A3 (NPLOT,8)=HM GT
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247
510

513

240

GTRAJ FCRTRAN A1

A3 (NPLOT,9) =VAIR

A3 (NPLOT,10)=PSIJ
A3(NPLOT, 11) =THETJ

A3 {NPLOT,12)=PHIJ

A3 (NPLOT, 13)=VOR(1)

A3 (NPLOT, 14) =RDHE (1)

A3 (NPLOT, 15) =ALPHAJ

A3 {NPLOT, 16) =BETAJ

TIMPLi=TIMPLT 4D FLT

IF (IIME.LE.TIMTTY)GOTO 240

IF(TIME.LT. (1.5%DIT?Y)) PRIND 510
FORMAT (151,' TIME VAIR
1 HMY)

PRINY 513, 1IME,VAIR,GAMVJ,GAMHJI,XF,YE, HH
FORMAT (1H ,7F10.1)

TINTTY=%INTIY+DITYY

CONTINUE

GAMNVJ

RETURN
END
FUNCTION SATF(X11,XM17)
SATF=SIGN(AMINT(ABS({X11),XM11),X11)
RETURN

ENT

SUBROUTINE RCTA?

COMMCN/COM/C (2000)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALEKCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(C{441) ,C3T) , (C(442) ,SKNT)

{C (439) ,CSF), (C(440),SNF)

SNT=SIN (TET)
CST=COS (IET)
SNP=SIN (P5I)
CSP=COS (PSI)
SNF=SIN (PHI)
CSF=COS (PHI)

CEE11=(CST#*CSP

CEB13=-3\NT
CEE31=+SET#CSF*CSP+SNF®SNP
CEB33=CST*CSF
CEB12=CSTI*SNP
CEB21=SNF*SNT*#CSP-CSF*3NP
CEB22=SNF*SNI*SNP+CSF*CSP
CEB23=5NF*CST
CEE32=CSF¥SNI¥SNP-SNF*CSP
RETURN

ENL

PRINCEION UNIVERSITY

TIME-SHARING

GAaMEJ

(C(311) ,PET), (C(351) ,CEB11), (C (353),CEE13)
(C (357) ,CEB31), (C (359) ,CEB33)

(C(310) ,PSI), (C(312) ,PHI),{(C(352),CER12)
(C(354) ,CEB21), (C(355),CEB22), (C{356),CEB23)
(C(358) ,CEB32), (C (443) ,CSB), (C (444) , SNP)

SYSTEHM

XE

SUBRCUTINE DITOB (XI,Y1,21,411,212,A13,221,222,323,A31,2332,433,

1%0, Y0, 20)
XO=AT11*XI+A13%ZI+A 12% YT
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GTF
GTFE
GTR
GTE
GTE
GTE
GIR
GTE
GTE
GLF
GTE
GTR
GTIF
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GIR

GTR
GIE
GTE
GTE
GTE
GTR
GTE
GTER
GTE
GTR
GTR
GTE
G¥E
GTK
GTE
GTF
5TR
GTE
GTR
GITE
GTR
GZR
GTF
GTR.
GTE
GTR
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GTR
GTE
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GTE:
GTE.
GTR
GTE:
GTR:
TE:
GTR-
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GTEAJ1  FORIRAN A1 PRINCETON UNIVERSITY TIBE-SHARING SYSTEH
Z0=A3T*XI+A33*%2TI+A32%Y1 6T
YO=A21#XI+A22%YI+A23%2I G1
RETURN GT
ENTEY DBTCTI (%I,Y¥I,2I,A11,212,313,A21,422,423,431,A32,133, G
1X0,Y0,20) a7
XO=A11*XI+A31%ZTI +A214YT G
ZO=A13%XI+A33%ZI+A23%Y1 31
YO=A12%XI+A22*%YI+A32%2] GT
RETURN &1
ENL GT
SUBROUTINE RKG Gi
DIMENSION IPL(100),IPD(100) GT
COMMCN/CGM/C (2000) GI
COMMON/RK/ARK (4) , BRK (4) ,CRK (4) ,QRK (100) 61
&1
EQUIVALENCE (C(201),¥) G1
EQUIVALENCE (C(205),H),(C{241),d) i
61
DO 100 I=1,N GT
IL=C (I) GT
ID=C(100+1) 6T
X1=C (ID) *H G1T
X2= (X 1-BRK (J) ¥*QRK {I) ) *ARK (J) G1
C(IL)=C (IL)+X2 GT
QREK (I)=QRK (I) +3.*X2-CRK{J) *X1 G1
5T
RETURN 63
END GT
FUNCTION SQUINT(X,TABX,TABY,NTAB,N) le5)
DIMENSION TAEX(NTAB),TABY (NTAR) GT
IF (§STAB.NE. 1) GOTO 1 G
SQUINT=TABY (NTAB) 61
RETURN 6T
IF (X-TABX(N))2,3,4 61
N=N-1 GT
IF(N)9,9,1 ek
SCUINT=TABY(N) GT
FACTCR=0. 5%
RETURN GT
TF{{N+1).GT.NTAB)GOTO 10 e
IF (X~TABX(N+1))5,6,7 GT
N=N+1 T
GOTC 3 GT
N=N+1 GT
GOTO 4 GT
FACTOR= (X-TABX (N) )/ (TABX (N+1) -TABX (X)) GT
SCUINT= (TABY (N+1) —=TABY (N) ) *FACTOR+TABY (N) G
RETORN GT
PRINT 10CC,X,TABX (1) G
Y=SQRT (- 1.) GT
STCP GT
1000 FORMAT(1H ,10('$?) ,'SQUINT UNDCERFLOW - INPUT =',E15.8 ,' LESS [HAGY
1§ FIRST ARG. TABLE ENTRY{ *,E15.8 ,' ) 1t ) GT
PEINT 26CC,X,TABX (NTAB) G?
¥=SCRT (- 1.) GT
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STCP

2000 FORMAT(1H ,10{(*$?'), 'SQUINL OVERFLOW ~-INPUT =!,£815.8 ,!

1 THaAN
ENT

FCKRIRAN

LAST AKG.

A1 PRINCETCN UNIVERSITY TIME-SHARING SYSTEM

TABLE

ENTRY {',E15.8
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QPTIMAL FLIGHT PATH RECONSTRUCTION (B.3)
FILE: OPTFPILT FORTRAN A _ PRINCETON UNIVERSITY TIME-SHARINC

ol
C*

. C*OPTIMAL FILTERING PROGRANM

C#%
INPLICIT REAL*8{A-H,0-3)
REAL*4 PREDCT (6) :
DIMENSION SUM(6),H112(11,6) ,H111(6,6)
COMMON/DATO/S2LIAC,S2XYZR, TIMSOF,X00 (11) ,S2WIND, S2WNDZ ,S2%NDY
1,52V,S2ALP,S2BET, S2H,S2D4E,S2VOR, S2BDME, S2ZR, PERCNT, OMEGA , AGLOBE
4,0UTL1,O0UTL2,S2Q4,5208B
2.EPS2,TLANO,SHEWO, XST, ST, ZST, DIREQ,KDME (20) ,NDME1 (20) ,NDME2 (20)
. 3.KDNE2(20) ,NXP,NRATE,NSTEP,IDGT,ISTDHE, ISTVOR, SOF
LOGICAL GO,SOF
NAMELIST/INP/FILE
INTEGER FILE(2)
NAMELIST/0K/GO
NAMELIST/DAT/SOF,NXP,S2LIAC, S2XYZR, NRATE, TINSOF, X00, NSTEP, IDGT
1,52Y,S2ALF,S2BET,S2H, S2DHNE, szvoa,pxacum,onzsa AGLOBE
. 4,00TL1,0UTL2,S2Q4,S208
. 2,EPS2,ISTDME, ISTVOR, XST, YST, ZST,DIREQ, KDNE, Nnuz1,unnsz S2WIND
3, TLAMO, SMEWO, S2WNDZ , S2BDNE, S2ZR, S2WNDY, KDNE2 . . :
DIMEFSION 2(11,11), p0(11,11) ,HB(6,11),%0 (11) ,XOUT (11)
1,RES (6) , BK (6,6) ,BBT (11,.6) , PHT (11, 6) , HPHT (6, 6) , EPETR (6, 6)
Z,HPHTRI(S,G),WKAREA(IIO),CKALH(li,G),DELX(11,1},BES1(6,J)
3,XPLUS(11) ,AIDEN (11,11).,CH(11,11) ,UNMKH(11,11) ,PPLUS(11,11).
4,CKALMT(6,11) ,ONMKHT(11,11) ,STABK1(11,11), STABK2(11 11)
5,STABK3(6,11) ,STABK4 (11, 11)
DIMENSION ST (7) ,IST(7) ,ZST (7) , DIREQ (T)
1,XST7(7),IST7(7),ZST7(7),DIREQJ(7)
ChR%x . : o o
DEFINE PILE 12(60,2112,L,KSTEPA)
Cxx%x . . R -
1 CONTINUE
PRINT 1002

1002 PORMAT(1H ,'TYPE SINP PILE= SEND')
. READ(S,INP)
INF1=FILE (1)
INP2=PILE(2)
PRINT 2000,FILE
2000 PORMAT (2I110)
PRINT 1004
1004 PORNAT (1H ,'TYPE E&DAT DATA= SEND‘)
READ (INF1,DAT) :
IF(SOF) GOTO 92
PRINT 1003 . :
1003 FORMAT (1H ,'IF EVERYTHING O.K...TYPE £0K GO=.TRUE.SEND')
. GO=.TRUE. . L . e
READ (5, 0K) -
IF (GO)GOTO 10
GOTO 1.
10 CONTINUE
Ckx*%x% .
- DO 331 I=1,6
331 sU# (I)=0.0D0
Chkik¥x

[oNoNoRoNoNoNoNoNeNeNaNeNoNoNoNoRoNeRoNooNoNoNaoRoNoloeNsRoloReloNeReRe o ReRoNeReRe N NeNaReNaR oo RaoNa e Rs R Re Ne )

PI=4.0DO*DATAN (1.0D0)
R 99
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LE:

17

102
101

OPTFILT FORTRAN A

CRAD=180.0D0/PI

. DO 17 I=1,NXP

X0 (I)=X00 (I)
KSTEP=0

KSTEP 1=0.

DO 101 I=1,NXP
DO 102 J=1,NXP
AIDEN (I,J)=0.0D0
PO(I,J)=0.0D0
CONTINUE.

CRExkkE

Cx

. C*

_cx
C*

. C*

. C*

109

105
104

*%

461

%

301

. KSTEP1=KSTEP1+1

IFLAG=1

t i

817

DO 109 I=1,NXP
AIDEN(I,I)=1.0D0
DO 104 I=1,6

Do 105 J=1,6
RK(I,J)=0.0D0

CONTINUE

RK (1, 1) =S2V

RK (2,2) =S2ALF

RK (3,3)=S2BET
RK(4,U4)=S2H .
RK (5,5) =S2DME
RK(6,6)=S2DNE

DO 461 I=1,7
¥ST7 (I)=XST(I)

¥ST7 (I)=YST (I)

ZST7 (I)=Z5T (I) .
DIREQ7 (I) =DIREQ (I)
ISTVO7=ISTVOR
ISTDM7=ISTDAE
NRAT7=NRATE
TINST=TIMSOF
NXP7=NXP
S21.I7=S2LIAC

IDME2=1
IDME=1
CONTINUE
KSTEP=KSTEP+1

IF(KDHE(IDHE) GT. KSTEP)GDTO 807

DO 817 I=1,NXP7

DO 817 J=1,NXP7
IP(I.NE.J)P0(I, J) =0.0D0
IFLAG=5 - )

XST7 (1) =XST (NDHE1 (IDYE))

. ¥ST7 (1) =YST.(NDME1 (IDME))
- ZSTT(1) = ZST(NDME1(IDME))

IDME=IDME+1
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op
op
op
op
op
op
oP
oP
opP
op
op
oP
op
op
opP
op
op
oP
gpP
opP
op
0)54
cPp
op
OP
oP
GP
gp
85
op
op
Op
op
10}

op
oP
ap
oP
opP
oP
op
opP
oP
op
QP
op
oP
oP
op
op
op
opP
op
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~d

[ ]
(o)

C*

828

827
C*

Cxxx

202
201

212
211
 CExx
341
| CEEx

221

231

242
241
C-0LD

281

283.

OPTFILT FORTRAN A

CONTINUE

PRINCETON UONIVERSITY TINE-SHARIN(

IP (KDNE2 (IDKE2) .GT. KSTEP)aOTO 827 .

DG 828 I=1,HXP7

DO 828 J=1, ¥XP7

IFP(I.NE.J) PO (I,J)=0.0D0
.IFLAG=S

XST7(2)= XST(NDHEZ(IDMEZ))
YST7 (2) =YST (NDME2 (IDME2))
ZST7 {2) = ZST(NDHEZ(IDHBZ))
IDME2=IDME2+1 -
CONTINUE

CALL PROP27(TIMS7,PERCKT,OMEGA,AGLOBE,EPS2,S2¥WNDY,TLAMO
1,SMEW0,S2WIND,S2WNDZ,X0,P0,XST7,YST7,%25ST7,DIREQ7,S2ZR, S2BDNE
3.0UTL1,0UTL2, S2QA, S20B
2,S2L17,S2XYZR,X0UT,P,HB, RES, IPLAG, NRAT7, NXP7, ISTDA7, ISTVO7, KSTER)
.DC 201 I=1,6 ) . .

DO 202 J=1,8XP
HBT (J,I)=HB (I,J)

CONTINUE-

Do 211 1=1,6.

DO 212 J=1,6
HPHTR (I,J) =HPHT (I, J)+RK(I J)

CONTINUE

DO 341 I=1,6
SUM (I)=SUN (I) +HPHTR (I, I)

po 221 1=1,6

RES1(I,1) =RES (I)
CALL VMULFF (CKALM,RES1,NXP,6,1, xxp,s DELX,NXP, IERS)
DO 231 I=1,NXP . .
XPLUS (I) =XOOT (I) +DELX (I, 1)
CALL VHOULFF (CKALM,HB,NXP,6,NXP,NXP,6,CH,NXP, IEBG)
DO 241 I=1,NXP :

DO 242 J=1,NXP
ONMKH (I,J)=AIDEN(I,Jd)-CH(I,J)
CONTINUE

DO 281 I=1,NXP
DO 281 J=1,HXP

UNMKHT (J, 1) =UNMKH (I, J)

DO 283 I=1,NXP

-.DO 283 J=1,6

CKALMT (J, I) =CKAL#(1I,J)
- CALL VMULFF(P,UNMKHT,NXP,NXP, NXP NXP NXP, STABK1 NXP,IER7)
CALL VMULFF{UNMKH, STABK! NXpP,NXP,NXP,NXP,NXP, STABKZ NXpP, IERS)
-CALL VHULFF(RK CRALMT,S, 6 NXPp,$6, 6 STABK3 6 IER9)

101

C*CALLING THE PROPAGATION-BETWEEN-MEASUREMENTS SUBROUTINE

CALL VMULFP (P,HBT, NXP NXp,6, NXP NXP,PHT, NXP IER1)
CALL VMULFF (HB,PHT,6,NXP,6, 6 NXP, HPHT 6,IER2) -

. CALL LINV1P(HPHTR,6,6,HPHTRI,IDGT,WKAREA,IER3)
CALL VHULFF(PHT,HPHTRI -NXP,6,6, NXP,G CKALN,NXP, IERQ)

CALL VMULFF (UNMKH,P, HXP BXp,NXp, HXP,HXP PPLUS Nxp, I”R7)
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282
Cxx%

Cx*xx

252
251

253
| CREkx

741

742
Ch*x

CHkk

Gk
. Cxkx

CH*x
311

CHEx

342

343
CHEx

92
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CALL VMULFF (CKALM,STABK3,NXP,6,NXP,NXP,6,STABKY, NXP,IER10) op
DO 282 I=1,NXP . op
DO 282 J=1,NXP op
PPLUS (I,J) =STABK2 (I, J) +STABRSY (I,J) op
L L oP

oP

IP(KSTEP1.LT. 5)soro 253 op
KSTEP1=0 op
DO 251 I=1,NXP 0P
DO 252 J=1,NXP . oP
IF(I.LE. J)GOTO 252 oP
PPLUS (I,J)=.5D0* (PPLUS (I, J)*PPLUS(J 1)) oP
PPLUS (J,I) PPLUS(I J). - op
CONTINOE oP
CONTINUE oP
CONTINUE . oP
3 op
DO 741 I=1,NXP oP
X0 (I)=XPLUS (I) oP
DO 742 I=1,NXP oP
DO 742 J=1,NXP oP
PO (I,J) =PPLUS (I, J) op
op

KSTEPA=KSTEP op
L 0P

WRITE (12'KSTEPA) (XPLUS (I) ,I=1,KNXP) op
1, (XOUT (I) ,I=1, NXP), ( (PPLUS (I, J) ,I=1,NXP) ,JI=1 pr) op
2, ((p(x,J) ,I=1,NXP),J=1,NkP) .. op
e or
IF (KSTEP.EQ.NSTEP)GOTO 311 OF
L ox

GOTO 301 oP
. oP
CONTINUE oP
. .o op
IF(NSTEP.GT.60)GOTO 1 oP
DO 342.1I=1,6 : oP
PREDCT (I) =DSQRT (SUM (I) /59) oP
PREDCT (2) =57.3*PREDCT {(2) op
PREDCT (3).=57.3%*PREDCT {3) op
PRINT 343, (PREDCT(I),I=1,6) - op
FORMAT (' *,F12.0,2F12.1,3F12.0) oP
. . o R . oP

GOTO 1. oP
CONTINUE oP
STOP : o oP
END : : o opP
BLOCK DATA : . . : op
IMPLICIT. REAL*8 (A-H,0-$) oP
COMMON /DATO/S2LIAC, S2XYZR, TINSOP, %00 (11) ,S2WIND,S2WNDZ, S2WNDY op
1,S2V,S2ALF, S2BET, S2H, S2DXE, S2VOR, S2BDNE , S2ZR, PERCNT,OMEGA,AGLOBE OP
4,00TL1,00TL2,S20A, 5205 . . op
2.EPS2,TLAMO, SMERO, XST, IST,ZST ,DIREQ,KDHNE (20) , NDHE1(20),NDMB2(20) oP
3, KDME2(20) , NXP, NRATE, NSTEP, IDGT, ISTDME, ISTVOR,SOF op
DIMENSION. XST(?),YST(?) ZST(?) DIREQ(7) oP

102
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LOGICAL SOF

DATA SOF/ -FALSE. /,NXP/T1/5SZLIAC/.QDO/,HRATE/ZO/,TI&SOF/?.ODO/

1,X00,0.0D0,0.0D0,-116.0D0,125.0D0,0.0D0,12.0D0,5*%0.0D0/
2,52v/6.25D0/,S2ALF/. 00007600 /,52% HD/.?OD“/,SZH¥UQ » 000007

3,S2BET/.000076D0/,S2H/25.0D0/,52DME/40000.0D0/,S2V0OR/. 000004D0/

4 ,NSTEP/60/,1DGT/3/,S2XY¥Z2R/25,.0D0/,522R/.10D0/ -

6, ISTDHE/2/,ISTVOR/2/,SZBDME/.00002500/,52?NDY/.1OD0/
7,Xxs7/.703D0,.6985D0,5%.706D0/ -
8,YsT/-1.29700,-1.2985D0,5%~-1. 29400/

$,2sT/7*0.0D0/

A,DIREQ/32.0D0,32. ODO 0. ODO 0. ODO 0 0po,0.0D0,0. ODO/
B,KDME/1, 19*2500/,NDHE1/1 2,3,1,4, 15*2/,NDHEZ/2 3,1,4,16%3/
c, OHBGA/.0000728D0/,AGLOBE/209QOOOO 0D0/,EPS2/ 0067D0/
D,TLAM0/.700D0/,SMEWO/-1. 300D0/

DATA PERCNT/.000001D0/

- 1,KDNE2/1,19%2600/ .
- 2,00TL1/20000. ODO/,OUTLZ/ZOOOO ODO/,SZQA/.BIDO/,SZQB/.B100/

END
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C*

C***STATE AND COVARIANCE HATRIX PROPAGATIOH BETWEEN MEASUREHENTS.

Ccx .

-

-

Ce*%

CH*x

SUBROUTINE PROPZ7(TIHSOF,PERC1,0HEG1,AGLOB!,EPS1,SZWOY

1, TLAM00O,SMEW00,S2wW0,52¥2Z2,X0,P0,XST,YST,ZST,DIREQ,S2ZR1,S28D4

3,00TL1T,00TL2T, SZQAT S2QBT
2,S2LTAC,S2XYZR,X00T,P,H4B,RES, IPLAG7 NRATE, NXP,ISTDHE ISTVOR,KSTEP) Oi
IMPLICIT REAL*8 (A-H,0-%).

EQUIVALENCE

DINENSION PO(11,11),%0(11),201(11,11),B1(11, 11j,331(8y11),xo1(11)

EQUIVALENCE

EQUIVALENCE (IC(251),NXP1), (C(551),X01(1)), (C(593),P01(1,1))

EQUIVALENCE
DIMENSION HB
EQUIVALENCE

EQUIVALENCE (C(481) ,USPEED), (C(483) ,VSPEED}, {(C(485),WSPEED)

EQUIVALENCE

DIMENSION XST(7),YST(7),2ST (7)., DIRBQ(7) IST1(7) ,IST1(7), zsr1(7)

.1,DIREQ1 (7)

. .EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

. EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE .

(IC(ZOZ),NRATEl),(C(BI?) TINSF)
(C(QG?),SZLIA),(C(373),SZXYZ)
(C(993).,HB1(1,1)), (C{793),P1(1,1)) .

(6,11) ,X00T (11) ,P(11,11) ,RES(6),2 (11),ZCAL (8)
(C(469) ,XE), (C(471),YE), (C(473) ,2ZE) . ..

(C(571),2(1)),(C{1235) ,ZCAL (1))

(C(1257) ,XST1(1)), (C(1271) ,¥ST1 (1)) .

{C (1299} , DIREQ1 (1)), (C (1285} ,ZST1(1)) .

(IC(252), ISTDH1),(IC(253) ISTVO%)‘
(IC.(259) ,KSTERP1) . .
(C (505) ,0MEGA) , (C (507).,AGLOBE) , (0(509) EPS2)

{C(511), TLAHO),(C(513) 33330)
{C (470) ,S2VNDZ)

(C(QBZ),WX),(C(QSQ) HY),(C(BBS),WZ)

(C(468) ,S2WIND)

COMMON/CON/C {2000).
COMNON/INCON/IC (500)

EQUIVALENCE

(C{312) , PERCNT) , (C (381) ,S22R) , (C (382) , S2BDUE)

1, (C (494) ,BDME1), (C(498) ,.BDME2}., (C-(474) ,S2UNDY).
. 2, (IC(261) IPLAG),(C(SOZ) ,O0UTL1)., (C(sou),ourLz)
3,(C(506) sng),(C(sosp,szqa) ;

OUTL1=0UTLI1T
OUTL2=0UTL2T

- S2QA=S2QAT

CExk

g

S2QB=S20BT
IFLAG=IFLAG7
S2WNDY=S2W0Y
S2ZR=522R1
S2BDME=S2BDM
PERCNT=PERC1

OMEGA=0MEG1

- AGLOBE=AGLOB1 . = -

EPS2=EPS1

TLAMO=TLAMOO
SMEWO=SHEWO0O
KSTEP1=KSTEP
NRATE1=NRATE
TIMNSF=TINSOF

. S2LIA=S2LIAC
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Ot
01
01
01
01
0Ot

Ot
Ol
Ol
Oi
Of
Of
4}
Or
Ot
OF
Or
Ot
Ot
Ot
OF
DE
GE
OF
Ot
Q%
CE
OFf
O
OF
GF
oF
62
0P
OF
OF
OF
OF
0}
OF
OoP
ap
op
op
QP
OP
oP
oP
opP
opP
oP
oP
gp
op
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32&10 LAID
S2YIND=S2H0 , ‘
S2WNDZ=S2WZ ~ !
NXP1=NIP |
DO 61 I=1,NXP1 !
61 X01(I)=X0(I). ;
DO 62 I=1,NXP1
DO 62 J=1,NXP1
PO1(I,J)= 90(1 J)
62 CONTINUE
DO 64 I=1,7
IST1(I) =XST(I)
YST1(I)=¥YST(I)
ZST1(I)=2ZST (I)
64 DIREQ1(I)=DIREQ (I)
ISTDM1=ISTDHE
ISTVO1=ISTVOR

CALL MYINIT
CALL MYROUN
Ckxk L
po 101 I=1,NXP1
D0 102 J=1,NXP1
. IF(I.LT.J)GOTO 101 .
102 P1(J,I)=P1(1,J)
101 .CONTINUE
. XOUT (1)=XE L
XOUT (2) =YE -
XOUT (3) =ZE : S
XOUT (4)=USPEED B
XOUT (5) =VSPEED . . :
XOUT (6) =WSPEED
XOUT (7) =WX.
XOUT (8) =WY
. XOUT (9)=VW2Z
C* e . .
: . XOUT (10) =BDNE1
XOUT (11).=BDME2
C***xgK-TH VECTOR Z TRANSFERRED FROH INIT AND VECTOR. ZCAL--FROH OUTPT
po 111 I=1,6 N . _ _
111 RES(I)‘Z(I+3) ZCAL(I) o
Cx
RES(5) = RES(S)-BDHE1
RES (6)=RES (6) ~-BDME2- - ,
. CH%kk - o A
DO 52 I=1,§XP1
. DO 52 J=1,NXIP1
52 P(X,Jd)=P1(1,J)
DO 63 I=1,6
DO 63 J=1,NXP1
63 HB(I J) HB!(I J)
C. -
RETURN
END
. SUBROUTINE MYINIT
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C

c

c

C

- C

IMNPLICIT REAL*8 (A-H, O‘$)

CALL INIT
CALL DYNANI
RETURN

END

SUBROUTINE MYRUN
IMPLICIT REAL*8 (A-H,0-$)
COMMON/CON/C (2000)
COMMON/INCOM/IC (500)

EQUIVALENCE
EQUIVALENCE

242 CONTINUE

(C (305) ,TIME) , (IC(207) ,NSTEP)
(IC(2u1),a1),(C(311) mzasp)

- IF(TIME.LT. TIHSF)GOTO 82

CALL OUTPT
GOTO 100.

82 CONTINUE

C***R.K. LOOP
c ..

Do 246 J=1,4
-J31=J .
CALL DYNAN

.CALL RKG
246 CONTINUE

. NSTEP=NSTEP+1

- GOTO 242.
100 CONTINUE
RETOURN.
END

SUBROUTINE INIT

IMPLICIT REAL*8({A-H,0-=$).

REAL*4 Z1(11),XA1(6) ...

DIMENSION IPL(100),IPD(100) .
COMMON/COM/C (2000) .
COMMON/INCOM/IC (500)

COMMON/RK/ARK (4) , BRK(u) CRE (4) , QRK (100)

EQUIVALENCE

(IC(251) ,NXP1), (C(467), S2LIA),(C(373) 52112)

COMMON/FQ/FB(11, 11),QB(11 11) . i -

EQUIVALENCE

(C(993),8B1(1,1)), (C(571) Z(1)).

DIMENSION HB1(8,11),XA (6) .Z (11)..

EQUIVALENCE

: EQUIVALBNCE
- EQUIVALENCE
~EQUIVALENCE
-EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
‘EQUIVALENCE.

(IC (259), xsrap1)

(IC(201),§)

(IC(202) ,NRATE1), (C(305), TIHE),(C(BQ?) TIMED)
(C(303),DT) , (IC(207) ,NSTEP) :

(C(309) ,CRAD) » (C (301}, GRAV 1) :

(C (493) ,ACCT) , (C (495) ,ACCY) , (C (497) ,ACCZ)
(C(313) .WP) , (C(315),70Q) , (C(317),WR) .

(C (329)..PHI) , (C (327)., TET) , (C(325) , PSI)
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b
wh

EQUIVALENCE (C(351),CEB11), (C{353),CEB12), (C{355),CEB13)

EQUIVALENCE (C(357),CEB21), (C{(359),CEB22),(C(361), CEB23)

EQUIVALENCE {C(363),CEB31),(C(365), CEB32),(C(367),CEB33)

EQUIVALENCE (IC(1),IPL(1)),(IC(101) ,IPD(1})
EQUIVALENCE (C(468),S2WIND), (C(470),S2¥NDZ)
1,(C(381),szza),(C(382),szaDuE),(C(47u),szwnoy)
2, (IC(261) ,IFLAG), (C(502) ,0UTL1), (C(504) ,0U0TL2)
3, (C(5086), S2QA),(C(508) svga)

GRAV1=32. 17D0
ARK (1) =.5D0

ARK (2) =1.0D0-1.0D0/DSQRT (2.0D0)
ARK (3)=1.0D0+1. ODO/DSQRT(Z 0D0)

. . ARK(4)=1.0D0/6.0D0
- BRK (1) =2.0D0.

BRK (2) =1.0D0
BRK (3)=1.0D0
BRK (4) =2.0D0
CRK (1) =ARK (1)
.CRK (2) =ARK (2)
.CBK (3) =ARK (3}

| . CRK (4) =ARK (1)

229

DO - 229 .I=1%,100
QRK (I)=0.0D0

PI=4.0DO*DATAN (1.0DO)
CRAD=180.0D0/PI - .
IPL(1)=305

IPD(1)=307 .

N=1 ;
TIME=0.0D0 3

- TIMED=1.0D0

xk

307
306

309
308

312

311

NSTEP=0. .

.-NRAT=NRATE1

DT=1.0D0/DFLOAT (NRAT) o ;

Do 306 I=1,NXP1
DO 307 J=1,N¥XP1
FB(I,J)=0.0D0
CONTINGE. -

. Do 308 I1=1,8

.p0-309 J=1,NXP1
‘BB1.(1,J)=0.0D0
CONTINUE-

HB1(4,3)=-1.0D0

#B1(5,10)=1.0D0
 HB1(6,11)=1.0D0
DO 311 I=1,NXP1
DO 312 J=1,NXP1
.QB(I,J)=0.0D0
CONTINUE
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QB (4,4)=S2LIA
QB (5,5) =52QA
0B (6,6)=52QB
DO 314.1=1,2

314 QB(I,I)=S2XYZ
0B (3,3)=S2ZR
QB (7,7)=S2WIND
QB (8,8) =S2WNDY
QB (9,9) =S2WNDZ

C#*
~. . QB(10,10)=S2BDNE

- .QB(11,11)=S2BDAE

Chxk

. C***READ IN SMOOTHED VECTOR X OF MODEL A AND VECTOR Z AT K-TH TIME

. C***POINT.Z COSTITUTES. OF INPUT (ACCEL MEASUREMENTS) AND MEASUREMENT

.. C***¥4ATRICES.FIRST NEEDED IN DYNAM AND .SECOND--IN MAIN.

o o . - .

. IF (KSTEE1. £Q.2) GOTO 319 .

READ (10) (XA1(I),I=1 5)

319 CONTINUE . o o

READ (9) (Z1(I),I=1,11) S .

Z {5) =21 (5) /CRAD - . o

Z(6) =Z1(6) /CRAD

Z(10) =21 (10) /CRAD

2{11) =21(11) /CRAD

Z (4) =21 ()

Z{7) =21 (7)

Z(8) =21(8)

.~ Z(9)=2Z1(9)
. CREE -
. . WP=XA1(1)

WO=XA1(2)
WR=XA1(3) L L
PHI=XA1(4) , -
TET=XA1(5) . : R
PSI=XA1(6) . :
CALL ROTAT . S .
ACCX=2Z1(1) :
ACCY=21(2)
ACCZ=Z1(3)

C* : .

.. C* IPLAG=5 FOR FIRST STEP.

- IP(IFLAG.NE.5)GOTO-.837 .

. OOR1=2Z (8) e
ONR1=Z (8)
00R2=Z (9)
ONR2=2Z.(9)
GOTO 838

837 CONTINUE

... ..IF (DABS (Z (8) ~-ONR1) . LT. OUTL1)GOTO 839.

-« 2(8) oug1+(onn1-ooa1) e

839 .CONTINUE S

.. OOR1=0NR1
ONR1=Z (8)
VIF(DABS(Z(9)-ONR2) LT. OUTLZ)GOTO 840
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838
Cc*

CxEx

Ch*% .

OPTPROPG FORTRAN A

> IQ%Y WYY

R’\A Ir\uhz_nnn'\\
4 7)) ~YUilRev (UDR vunLs)

CONTINUE
OOR2=0NR2
ONR2=Z {9}
CONTINUE

RETORN .
END

SUBROUTINE DYNAMI ,
IMPLICIT REAL*8 (A-H,O0~$)
DIMENSION IPL(100), IPD(100)
. COMMON/COM/C (2000)

vCOHHON/IHCOH/IC(SOO)

DIMENSION X01(11),P01(11,11),21(11,11)

EQUIVALENCE

(C(337) ,CSP)., {(C(339) ,SNP),(C(341), CST),(C(3Q3) SNT)

1, (C(505) ,OMEGA) , (C (507) , AGLOBE),(C(SOQ) EPS2).

2, (C{511)., TLAMO)

3, (C(351).,CEB11), (C(352) ,CEB12), (C (353) ,CEB13)

4, (C(354) ,CEB21), {C(355) ,CEB22), (C(356) ,CEB23).

5, (C(357) ,CEB31), (C(358) ,CEB32}, (C (359) ,CEB33) .

6, (C (494) ,BDNE1) , (C{498) ,BDNE2), (C(312). PERCHT),(C(B‘?) szsg;
7,({C(313) ,%2), (C (315),WQ), (C(317),NR) - . _

CONMON,/PQ/FB (11, 11),0B(11,11) ..

DIMENSION .B60(11,11), FKDT (11, 11),3053(11 11) ,SUMET1 (11, 11)
1,TMAT (11,11) , TNATT (11, 11) ,PTMATT(11,11), THPTHT (11, 11)

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALERCE

- EQUIVALENCE

EQUIVALENCE

- - EQUIVALENCE
- EQUIVALERCE

-EQUIVALENCE

.N-N+1

--IPL(E)—469

. IPD (N) =475

H=N+1

CIPL (N) =471
. IPD (N)=477
N=N+1 . . .
_IPL(N)=473
IPD (N)=479
N=N+1 ..

~IPL (N)=481

IPD(N)=487
N=N+1 .

- IPL (N)=483
- IPD(N)=489
N=N+1
--IPL (N) =485
~-IPD (N)=491

{IC(251), nxp:;,(C(SSI) 101(1)),(C(593),po1(1‘1))
{C(793) ,P1(1, a)) .

(IC(201) N)

(C(303),DT)

(C(327) TET),(C(325) PSI) (C(329), PHI)

{C(469), XE),(C(471),YE),(C(Q73} ZE) .

(C(481) ,USPEED), (C (485), HSPEED),(C(QB3) VSPEED)
(IC(1),IPL(1)),(IC(101) IPD(1)) :

(C(482) ,¥WX), (C(u8Y4). BY),(C(QBG).HZ)-

- S .
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Nl 227

. C*

ok 1.2 T

4 CHee
201
202
203
204
205
206
207

208.
DO 209 I=9,N§XP1

209
210

Ch*x

N=N+¢1
IPL (N)=482
IPD (N)=u88
N=N+1
- IPL (N) =484
IPD(N) =490
N=N+1

- IPL{N) =486

IPD (N) =492

N=N+1

.. IPL (N) =494

IPD (N) =496
N=N+1
IPL (N) =498
IPD (N)=500

XE=X01 (1)
YE=X01(2)

ZE=X01(3) .

USPEED=X01 (8)
'VSPEED=X01(5)

WSPEED=X01 (6)

Wx=x01(7)
WY=X01(8) .
WZ=X01(9) .

BDME1=X01(10)
BDME2=X01 (11)

DO 201 I=1,NXP1
P1(I,1)=P01(I,1)
DO 202 I=2,NXP1
P1(I,2)=P01(I,2)

-DO 203 I=3,NXP1 .

P1(I1,3)=P01(I,3)
DO 204. I=4,NXP1
P1(I,4)=P01 (I, 4)
DO 205 .I=5,NXP1
P1(I,5)=P01(I,5)

DO.206 I=6,NXP1
P1(I,6)=P01(I,6)
DO 207 I=7,NXP1.

P1(I,7)=P01(I,7)
DO 208 I=8,NXP1
P1(I,8)=P01(I,8)

P1(I,9)=P01(I,9)
DO 210 I=10,KXP1

P1(I, 10)=P01 (I, 10) _
P1(11,11)=P01(11,11)
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CONTINUE

TLAM=TLAMO+XE/AGLOBE
COST=DCOS (TLAN)
SINT=DSIN(TLA®M) .
TANT=SINT/COST
SIN2T=2%SINT*COST .
COS2T=COST*COST-SINT*SINT

--C11711=1.0D0~ ZE/AGLOBE‘ SDO*EPSZ*COSZT
~C112=1/C1111 :

C141=C112* (ZE/AGLOBE+, S*EPSZ*COSZT)

Ciit= (C3511*USPEED*CEBZ1*VSPEED+CEBBI*WSPEEDfﬁX)/AGLOBE
C211= (CEB1Z*USPBED+CEBZ2*VSPEED+CEB32*HSPEED+WY)/AGLOBE
C241=-C112*YE*TANT/AGLOBE -

C341=C112#EPS2%SIN2T o

C56=0CHEGA* (CEB11*COST-CEB13%SINT)

C64=0MEGA* (CEB21*COST-CEB23*SINT) -

C45=08EGA* (CEB31*COST-CEB33*SINT)

C413=0MEGA* (CEB11*SINT+CEB13%COST).
C412=0MEGA* (CEB21*SINT+CEB23*COST) ,
C411=0HMEGA* (CEB31*SINT+CEB33*COST) ... -
CENT1=-OMEGA**2%AGLOBE*C1111%_S5*%SIN2T
CENT2=-OMEGA**2%AGLOBE®C1111%COST**2 _ S
C47=2%(+WR*CEB21- WQ*CEBB1)+0HEGA*CEB12*SIHT
C48=2% (+WR*CEB22-WQ*CEB32)~C4#13 .. .. .
C49=2* (+@iR*CEB23- WQ#CEBBB)-OHEGA*CEB12*COST

C57=2* (-WR*CEB11+WP*CEB3.1) +OMEGA*CEB22*SINT
- C58=2% (~WR*CEB12+WP*CEB32)~-C412 . = .

C59=2% (~WR*CEB 13+WP*CEB33) - OHEGA*CEB22*COST -

- C67=2% (+WQ*CEB11-WP*CEB21) +OMEGA*CEB32*SINT

C68=2% (+WQ*CEB12-WP*CEB22)-C411 . . .
C69= 2*(+HQ*CEBTB—HP*CEB23)-OHEGB*CEB32*COST

- €1122=C112%C112

. €2112=C211%¢C1122

C13=C111¥C1122

C11=-EPS2*SIN2T*C13

C31= C111*C112*BPSZ*(2*C052T-C1TZ*EPSZ*SINZT*SINZT)
C33=C13*EPS2*SIN2T. .

c21= -EPSZ*SINZT*C2112+C13*( C1111+ SDO*EPSZ*SIHZT*SINZT)*YE/

'1 AGLOBE/COST/COST .

C22=-C111*C112*TANT

C23= C2112-C13*TANT*!E/AGLOBE
C14=C141*CEB11
C15=C141*CEB21
C16=C141*CEB31 :
C24=C241*CEB11+C141*CEB12
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‘C25=C241#CEB21+C14 1*CEB22 _ 0P

C26=C241*CEB31+C141*CEB32 S op
C34=C341*%CEB11 : op
C35=C341*CEB21 - op
C36=C341*CEB31 . v op
Ci17=Cc141" 4 op
C27=C241 . : op
C28=C141 , : : op
C37=C341 oP
Ct11=0MEGA* (CEB31*SINT+CEB33*COST) : opP
C412=0MEGA* (CEB21*SINT+CEB23*COST) - op
C413= OHEGA*(CEB11*SINT+CEB13*CQST) _ . op

- CU33=0OMEGA*COST . S . op
.- CH#3=C433*%C413 . . op
- CS53=CU433%C412 : op
£63=Cl433*C811 - : . oP

- COST1=COST*0OMEGA/AGLOBE . - oP
SINT1=SINT*OMEGA/AGLOBE . op
C111=(C1111%C0OS2T+. SDO*EPSZ*SINZT*SINZT)*OHEGA*OHEGA op

. C8112={(C1111*SIN2T~ . EPS2%SIN2T*COST*COST) *OMEGA®*OMEGA op
- C@T‘(WSPEED*CR12-VSPEED*CQ11)/AGLOBE . op
m-1—CEB11*C4111+CEBi3*C4112+COSI1*(HX*CEBTZ~W!*CEB?1)+SINT1¥( : OPp’
2 WYSCEB13+WZ*CEB12) . - . op'
C51= (USPBED*CQ11-HSPEED*CQ13)/LGLOBB o og
1-CBBZ1*C0111+CEB23*CQ112&COST1*(RX*CEBZZ-HI*CEB21)fSINT!*( : op

2 WY*CEB23+WZ*CEB22) - . .. . oF
Céi= (VSPBED*CRQ3-USPEED*CQ12)/AGLOBE opr

1- CEBB1*C#111*CEB33*C4112+COST1*(HX*CEB32 WY*CEB31)+SINT1*( oy
2 iY*CEBBB*HZ*CEB32) - — - o
€65=-C56 : : ~ - : - op
ch6=-C64 . L S op

- C54=-C45 . : : op'
- EB(1,1)=C11 : . : . op
FB(2,1)=C21 : : e . . op’
PB(3,1)=C31 . : . S i . : op’
FB{(3,1)=C41 : . : : . S gp’
FB(5, 1)=C51 - : - : opr

.. FB{(6,1)=C61 . ' op*
- PB(2,2)=C22 S - . oP"
PB(1,3)=C13 : S L opP"
FB(2,3)=C23 . ) op*
FB(3,3)=Cc33 S o op’
PB(4,3)=C43 . . oo _ 0p*

-- -FB (5,3) =C53 - : e . . . opP-
- FB(6,3)=C63 . . o S 0P
-~ FB(1,4)=CEB11+C14 . e S op"
. FB(2,4)=CEB12+C24 - = . . L ' oP”
PB(3,4)=+CEB13+C34. .. oP-
PB(2,5) =CEB22+C25 : . : ' opP?

-. PB(3,5)=+CEB23+C35 o _ v v 0P1
FB(1,6)=CEB31+C16 . . : _ . » oP1T

... PB{2,6)=CEB32+C26 . oL : OP1
. PB(3,6)=+CEB33+C36 : , OP1

FB(5,4)=-"R+C54 . . C e . _ oDP1
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FB (4,5) =WR+C45
PB(6,5) =-WP+C65
PB(4,6)=-HQ¢Cl6
FB(5,6) =WP+CS6
FB(1,7)=1.0D0+C17
PB({2,8)=1.0D0+C141

PB(3,9)=1.0D0

PB(2,7)=C27
FB(3,7)=C37

- FB(%,7)=C47

CHExx

S .c

FB (4,8)=Cu3
FB(4,9)=C49
PB(5,7)=C57
FB(5,8)=C58
FB(5,9)=C59
FB(6,7)=C67
FB(6,8)=C68
FB(6,9)=C69

CALL CSTH (FB,PERCNT, TIHSF TMAT,B60,FKDT
DO 600 I=1,NXP1. e

DO.600. J=1,NXP1
600 THATT (J,I)=THAT (I,J)
DO 610. I=1,NXP1 ... .. .,

DO 610 J=1,NXP1.

t

610 THPTNT (I,J)=P1(I,J)+0B (I,d) .

.-

Cx*xx

CALL VMULFP(TMPTMT, THATT ,NXP1, NXP1 NXP1 NXP1, HXP1 +PTHATT, NXP1,I1)(

CALL VMULFF (TMAT ,PTHATT NXP1,NXP1,NXP1,NXP1,NXP1,P1

RETURN.

- END

SUBROUTINE DYNAN

INPLICIT REAL#*8 (A-H,0-$)
COMMON/COM/C.(2000} .- --.. ., . .
COMMON/INCOM/IC (500) . o .

EQUIVALENCE

(Ic(251) ,§XB1)

COMMON/FQ/FB (11,11) ,QB (11,11)

EQUIVALENCE

(C(494) BDHE1),(C(495) DBDHET)

1, (C (498) ,BDME2) , (C (500) , DBDNE2)

EQUIV!LENCB
EQUIVALENCE

- -EQUIVALENCE

--EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
‘EQUIVALENCE
EQUIVALENCE

- BEQUIVALERNCE

EQUIVALENCE
EQUIVALENCE

(C(793) ,B1(1,1)) .

(C (401) ,DP11) , (C (402) ,DP21) , (C (403) ,DP31)
(C(408) ,bP41), (C (405),DR51) ,.(C(406)., DP61)
(C(QO7},DP71),(C(QOB},DP81),(C(409),DP91)
(C(410) ,DP22), (C (411) ,DP32), (C(312) ,DP42)
(C(413),DP52) , (C(414) ,DP62) , (C(415),DP72)
(C(s16),DP82) , (C(417) ,DP92) .

(C (418).,DP33), (C (819) ,DP43) , (C.(420) ,DP53)
(C(4#21),DP63), (C (422), DP73) . (C (423) ,DP83)
(C (428) ,DP93) .

(C (425) , DP4L) , (C (426) , DP54) , (C(427),DB64)
(C (428) ,DPTU) , (C (429). ,DPBL) , (C (430) ,DPI4)
(C (431) ,DP55)., (C (432) ,DP65) , (C (433} , DPT5)
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EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(C(434) ,DP85), (C(435) ,DP95) , (C(436) ,DP66)
(c(437) ,DP76) , (C (438) ,DP86), (C(439),DPI6)
(C (440) ,DP77)., (C (441) ,DP8T) , (C (442) ,DPI7)
(C(443),DP88), (C (444) ,DP9I8) , (C (445) ,DP99)
(C(319) ,%PD), (C(321),WQOD}, {(C(323),%RD)

DIMENSION DPM(11,11),FP(11,11),PT1(11,11)

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
-BEQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALERNCE.

EQUIVALENCE
-EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

- EQUIVALENCE

_ Cxkkx
LT C e

~ P

C*x*

102
101

EQUIVALENCE

(C(482),WX), (C(484) ,¥Y) , (C(486) ,¥Z)
(C (488) ,DHX), {(C(390) ,D¥Y), (C(492) , DVZ)

(C(315) ,%Q), (C(327), TBT),(C(333) DTET)

{C(499) ,VX), (C(503).,¥2)

(C (469) , XE) » (C (473)..2E) , (C (475) , xzn),(C(u79) ZED)
(C(351) ,CEB11)

(C (355) ,CEB13), (C (363) ,CEB31), (C (367) , CEB33)

(C (325) ,PSI), (C(329),PHI), (C(331), DPSI),(C(335) DPHI)
(C(313) ,WP), (C(317) ,¥R)

(C(501) ,VY), (C(471) ,YE), (C(477) ,YED)

(C(337) ,CS?), (C(339) ,SNF), (C (341) ,CST) , (C (343) ,ST)
(c(353) ,CEB12), (C(357) ,CEB21), (C(359) CEB22).

{C(361) ,CEB23), (C (365) ,CEB32)

(C (493) ,ACCX) , (C (495) ,ACCY) , (C (497) ,ACCZ)
(C(481) , USPEED) , (C(483) ,VSDEED} , (C (485) , WSPEED)
(c(u8?), DUSPED),(C(n89) DVSPED) (C(a91) DWSPED)
(c(301) ,GRAVY) . . .. _

.(C(S11),TLAHO)

(C(SOS),OHEGA) (C(SO?) AGLOBE} (0(509) EPS2)

CALL DBTOI(USPEED VSPEED,WSPEBD CEB11,CEB12, CEB13
1,CEB21,CEB22,CEB23,CEB31,CEB32, CBBB3,VX,VY,VZ)

DG 101 I=1,NXP1
DO 102. J=1,8XP1
. IF(I.LT.J)GOTO 101
P1(J,I)=P1(Z,J)

CONTINUE

TLAN=TLAMO+XE/AGLOBE

COST=DCOS (TLAM)

SINT=DSIN (TLAN)

TANT=SINT/COST

SIN2T=2#SINT*COST -
.C0S2T=COST*COST-SINT*SINT
C1111=1.0D0- ZE/AGLOBE- 5DO*EPS2#COS2T

... €112=1/C1111

Cii1= C112*(ZE/AGLOBB+ S*EPSZ*COSZT)
c1t1= (CEB11*USPEED+CEBZ1*VSPEED*CEB31*HSPEED+HX)/AGLOBE
c211= (CEB1Z*USPEED+CEBZZ*VSPEED+CEB32*WSPEED*9Y)/AGLOBE

- C241=-C112*YE*TANT/AGLOBE.

C341=C112*#EPS2*SIN2T .

C56= OHEGA*(CEB11*COST-CEB13*SINT)
C64=0OMEGA* (CEB21*COST-CEB23*SINT).
C45=0NEGA* {CEB31*COST-CEB33*SINT)
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XED=VX+WX+C141%C111%*AGLOBE

ZED=+VZ+¥Z+C341#C111%AGLOBE
YED=VY+WY+C141%C211*AGLOBE+C24 1*C111*AGLOBE

C413=0OMEGA* (CEB11*SINT+CEB13*COST)
C412=0MEGA* (CEB21*SINT+CEB23*COST)
C411=0OMEGA* (CEB31*SINT+CEB33*COST)
CENT1=-OMEGA**2¥AGLOBE*C1111%_ 5*SIN2T
CENT2=-OMEGA**2*AGLOBE*C1111%#COST*%*2

C47=2% (+WR*CEB21-WQ*CEB31) +OMEGA*CEB12*SINT
CU48=2% (+WR*CEB22~-WQ*CEB32)-C413 . .
C49=2* (+WR*CEB23~-WQ*CEB33) -OMEGA*CEB12*COST .
C57=2% (~-WR*CEB11+WP*CEB31) +OMEGA*CEB22#*SINT
C58=2#%{-WR*CEB12+WP*CEB32) ~C412 .. :
C59=2* (-WR*CEB13+WP*CEB33) ~OMEGA*CEB22*COST

- C67=2% (+WQ*CEB11-WP*CEB21) +OMEGA*CEB32*SINT

C
CKE%

C*
.C*

C68=2* (+WQ*CEB12-WP*CEB22)-C411 :
C69= 2*(*WQ*CEB13-VP*CEB23)-0BEGA*CEB32*COST

DUSPED=-WQ*WSPEED+WR*VSPEED +ACCX*GRAV1
1+CUS*YSPEED-C6U4*USPEED.
2+C47*HX+C48*HY+C49*ﬂZ*CBNT1*CEBT1*CENT2*CEB13

:DVSPED=°WR*USPEED+WP*WSPEED*ACCY*GRAV1

-+ 1-C45*USPEED+CS56*WSPEED. - .
»2+C57*WX*C58*3Y+C59*HZ§CEKT1*CEBZ1+CENT2*CEBZ3.

- DESPED=+WQ*USPEED-WP*VYSPEED+ACCZ*GRAV1

- 1#C6U*USPEED-CS6*VSPEED .

- 2*C67*ix+C6B*HY+C69*WZ*CENT1*CEBB1+CEHT2*C2833 o

DHX-O ODO

- D¥Y=0.0D0.

C*%

CH %%

CkXxk

DWZ=0.0D0.

DBDME1=0.0D0 | . L )
DBDAE2=0.0D0 | o

RETURN

END

SUBROUTINE OUTPT
IMPLICIT REAL*8(A-H,0-$%)
CONMON /CON/C (2000) - .
COMMON/INCON/IC.(500)
DIMENSION RDME (7),YVOR (7).

DIMENSION XST1(7).,YST1(7),2ST1(7) ,DIREQ1(T7)

EQUIVALENCE (C (1257),XST1(1)) ,(C(1271),¥YST1(1)),(C(1285),ZST1(1))
EQUIVALENCE (C(1299), DIREQ1(1)),(IC(252) ISTDM1),(IC(253) ISTVO1)
EQUIVALENCE (C(993),HB1(1,1)) . ]

EQUIVALENCE (C(1235),2CAL (1))

DIAENSION ZCAL (8),HB1(8,11)
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FILE: OPTPROPG FORTRAN A PRINCETON UNIVERSITY TIME-SHARING
EQUIVALENCE (C(309) ,CRAD) : (0)°48
EQUIVALENCE (C(473),ZE) opP-
EQUIVALENCE (C(305),TIHE) op"
EQUIVALENCE (C(315),HQ),(C(Q99) vx),(C(503) vz;,(C(469) XE) oP’
EQUIVALENCE (C(327),TET) . A opr
EQUIVALENCE (C(325), PSI),(C(329) PHI) 0P
EQUIVALENCE (C(313),¥P),(C(317), WR),(C(SO1),VY),(C(471),!E) op’
EQUIVALENCE (C(a93),ACCX),(C(495),ACCY),(C(Q97),ACCZ) op
EQUIVALENCE (C(481%1) ,USPEED), {C(483) ,VSPEED} , (C{485) , ¥SPEED) op
EQUIVALENCE (C(507),AGLOBE),. {C(509) ,EPS2) op
EQUIVALENCE (C(511),TLANO), (C(513),SMEWO) : : ) op

. DIMENSION XDME(7), YDHE(7) ZDHB(?) . . . op

ChE® e op
TLAH-TLAHO*XE/AGLOBE . . op
COST=DCOS (TLAYN) : . opP
SINT=DSIN (TLAN) L . op
TANT=SINT/COST ) . oP
SMEW=SMEW0+YE/AGLOBE/COST : : op

- .SIN2T=2%SINT*COST . = . . op
COS2T=COST*COST—-SINT*SINT . . op

- C1111=1.0D0~-, 5DO*BPS2*COSZT-ZE/AGLOBE . A op
ACT111=AGLOBE*C1111. : . . op
COSS=DCOS (SMEW) . .. . . o . 4 op’
SINS=DSIN (SMEW) : op

RX1= EPS2*SIN2T*COST*COSS-C1111*SIHT*COSS-C111I*TANT*SINS*YE/AGLOBE@V
RXZ'BPSZ*SINZT*COST*SINS-C1111*SIRT*SINS+CJ1li*TAHT*COSS*YE/AGLOBE@%
RX3°EP52*SIN2T*SINT+C1111*COST . T op

Cc Gp
_wC***VECTORS X OF HODEL A AND Z(K-TH TIHE POIKT) 0? HODEL B(HITHOUT gg
uc***ACCEL) TRANSFERRED FPROM INIT ce - o
.. ap

VAIRZ-USPEED**2+VSPEED**Z#HSPEBD**Z : . op
VAIR=DSQORT (VAIR2) . I S ' op
VRP=VSPEED . l . S op
-USPD=USPEED . . , op
BETA=DATAN2 (VRP,USPD) . L op
WQR=WSPEED . o e . . op
ALPHA=DATAN2 (WQR,USPD) - o op

DO 301 I=1,ISTDM1 . . S op"
XDBE(I)= AC1111*COST*COSS-DCOS(XST1(I))*DCOS(YST1(I))* . op

1 (-ZST1{I) +AGLOBE* (1.0D0-.5D0O*EPS2%DCOS (2*XST1(I)))) . ap

YDME (I)=AC1111*COST*SINS—DCOS (XST1(I)) *DSIN(YST1(I))* : op

T (-2ST1(X) +AGLOBE*(1.0D0~.5D0*EPS2*DCOS (2*XST1(I)))) . op

-~ ZDME(I)=ACT111*SINT .. ...-DSIN(XSTI{(I))* - . . opP

- 1 (-2ZST1(I)+AGLOBE* (1.0D0-. 5D0*EPSZ*DCOS(2*XST1(I)))) op°

- C*%%IST,YST ARE LATITUDE AND .LONGITUDE . .. . . 0744
- 307 RDME(I) DSQRT(XDHE(I)**Z*YDHE(I)**2+ZDHB(I)**2) - 0P
P’

~C*301 RDHE(I)‘DSQRT((XE-XST1(I))**2+(IB—!ST1(I))**2*(ZE-ZST1(I))**Z) op’
- op

DO 302 I 1, ISTV01 : . : 0P’

302- VOR(I)=1. : . . . o op’

. Chxx : - : 0P
ZCAL(1)=VAIR S . . op-

ZCAL(2)=ALPHA : 4 . . op©

1le
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ZCAL (3) =BETA
ZCAL (8) =-2E
ZCAL (5) =RDHE (1)
ZCAL (6} =RDHE.(2}
ZCAL (7) =VOR (1)
ZCAL (8) =VOR (2)

HB1(5, 1) = (RX1*XDME (1) +RX2*YDME (1) +RX3*ZDME (1)) /RDHE (1)
AB1(6,1) = (RX1*XDHE (2) +RX2*YDME (2) +RX3%ZDME (2) ) /RDHE (2)
. HB1(5,2)=(-C1111%*SINS*XDME (1) +C1111%COSS*¥YDXE (1) ) /RDME (1)
~~-HB1(6 2)=(-C1111*%SINS*XDME (2) +C1111*COSS*YDME (2) )} /RDHNE (2)
HB1(5,3).= (~COST*COSS*XDME (1) —~COST*SINS*YDME (1) =SINT*ZDME (1))
. 1/RDME (1).
HB1(6,3) = (~COST*COSS*YDME (2) ~COST*SINS*YDNE (2) ~SINT*ZDHE (2) )
1/RDNE (2) :
HB1(7,1) == (LE=YST1 (1) ) / (RDME (1) *¥2- (ZE-ZST1(1) ) ¥%2)
HB1(8,1) =— (YE-YST1(2)) / (RDME (2) *%2~ (ZE~ZST1(2) ) **2)
HB1(7,2)=(XE~XST1(1))/(RDME (1) *%#2=(ZE-2ST1(1)) **2)
HB1(8,2) = {(XE-XST1(2))/(RDME (2) **2- (ZE~ zsr1(2))**2)
HB1(1,4) =USPEED/VAIR
HB1(2,4) =—WSPEED/ (VAT R2-VSPEED**2)
BEB1(3,4) =—VSPEED/{VAIR2-WSPEED**2}
HB1(1,5) =VSPEED/VAIR .
HB1(3,5) =USPEED/ (VAIR2-WSPEED**2)
. HB1(1,6) =NSPEED/VAIR
.. .BB1(2, 6)-USPEED/(YAIRZ—?SPEED**Z)
c : - \
. . RETURN
END
PUNCTION SATF(X11,X811)
IMPLICIT REAL*8.(A-H,0-3)
sarr—nsxcs(nuxu1(DABS(x11) xu11) x11)
RETURN
END
SUBROUTINE ROTAT
. IMPLICIT REAL*8 (a-H,O-$)
- COMMON/CON/C (2000) .
EQUIVALENCE (C (327).,TET), (C(351) CBB11),(C(355),CEB13)
EQUIVALENCE (C(363),CEB31), (C(367),CEB33) - ;
EQUIVALENCE (C(341),CST)., (C(343),SNT)
EQUIVALENCE (C (325),PBSI), (C(329)., PHI)., (C(353),CEB12)
EQUIVALENCE (C(357),CEB21), (C(359), CEB22), (C (361), CEB23).
EQUIVALENCE (C(365),CEB32),(C(3uS),csp) (C(3ul) SNP)
EQUIVALENCE (C(337) CSF),(C(339) snr)

- SNT=DSIN (TET)
. CST=DCOS {TET)
. SNP=DSIN (PSI)
CSP=DCOS (PSI)
SNP=DSIN (PHI)
CSP=DCOS {PHI)

-~ CEB11=CST*CSP
- CEB13=-SNT
- -CEB31=+SNT*CSF*CSP+SNF*SNP
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100 -

CEB33=CST*CSF

CEB12=CST#*SNP
CEB21=SNF*SNT*CSP-CSF*SNP
CEB22=SNP*SNT*SNP+CSFP*CSP
CEB23=SNFP*CST

CEB32=CSP*SKT*SNP-SNP*CSP

RETURN .

END

SUBROUTINE DITOB(XI,YI,ZI,A11, A12,313,A21,422,A23,331,432,A33,

. 1X0,Y0, Z0). ]
IFPLICIT REAL*8 (A-H,0-$)
xo—a11*x1+a13*zxfa12*11
Z20=A31*XI+A33*ZT+A32%YI
YO=A21#XI+A22%YI+A23*21

RETURN

ENTRY DBTOI(XI,YI,2I,A11,412,A13,421,A22,423,431,432,433,

1X0, Y0, Z0)

XO=A11#XI+A31%ZT+A21%YT
Z20=A13%XI+A33%ZI+A23#YI
YO=A12%XI+A22*YI+A32%ZI

RETURN

END ~ .

SUBROUTINE RKG :

INPLICIT REAL*8 (A-H,0-$)

DIMENSION IPL(100),IPD{100)

COMMON/COM/C{2000) - ... .-

COMMON/RK/ARK (4)., BRx(u)ucxx(u).QRK(100)
COHNON/INCOH/IC(SOO) :

EQUIVALENCE (IC(201),%)

EQUIVALENCE (C(303),H), (IC(281),d)
,BQUIVALBNCB (IC(1) IPL(1)) (IC(101) xpn(1))
po 100 I=1,8

IL=IPL (I)

ID=IPD (I)

X 1=C (ID) *H

X2= (X 1-BRK {J) *QRK (I) ) *ARK (J)
C(IL)=C(IL)+%2 ..
QRK(I)~QRK(I)+3.0D0*X2-CRK(J)*X1

RETURN
END
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FILE:

Cx

OPTSHOOT FORTRAR A PRINCETON UNIVERSITY TI

C*0PTINAL SHOOTHING‘PROGRRH

Cce . .

IMPLICIT REAL*8({A-H,0-$%)

REAL*4 XS1(11),PS1(9,9) ,XAS(6,1)

COHHOK/DATO/PBRCNT DT, TLAMO,04EGA, AGLOBE EPS2,IDGT, NSTEP,KXP SOF

LOGICAL GO.,SOP
NAMELIST/INP/FILE

INTEGER FILE(2)

NAMELIST/0K/GO
NAMELIST/DAT/SOF,NSTEP,NXP,PERCNT,DT,IDGT,TLANO

1,04EGA,AGLOBE,EPS2 . ... ,

CHak.

C*

DEFINE FILE 17 ( 150,368,L,KSTEPG)'
DEFINE PILE 12{ 150,2112,. - ,KSTEPA) .
DIMENSION xpx12(11),xux12(11) PPR12(11, 11),pux12(11 11)

DIMENSION XPK1(6) xux1(6) XPK (6) , XMK (6)
1,PPK1(6,6) ,PMK1 (6,6),PPK (6,6), pux(s 6)
2,?K(6,6),THAT(6,6),TNATT(s,s),pwnamr(s,a)

. 3,PINV(6,6) ,#KAREA (60) ,AK(6,6) ,AKT (6,6)

&,DELX(6,1) ,DELP (6,86) ,DELXES (6,1),XS {6)

5, AKDELP(6¢6) 3DPAT(6 6) ,PS (6,6)

CE*x

C*x*

1002

6,PNK2 (6, 6)

DINENSION B60(6, 6) pxnr(s 6) snnn(s 5) SUHE1(6 6)
CONTINUE

PRINT 1002 ' .

FORMAT (1H ,'TYPE SINP PILE= SEBD!)A

READ (5, INP) - .

INFI=PILE (1)

INF2=PILE(2) .

- -PRINT 2000,FILE

2000
1004

1003

PORMAT (2I10)

_PRINT 1004

PORMAT (1H ,*TYPE &DAT DATA= SEND')

.. READ (INF1,DAT) S e e

IF (SOF)GOTC 92

PRINT 1003 .

FORMAT (1H. ,*IP EVERYTHING O.K. .TIPE §O0K GO=. TRUE.&END')
.. GO=.TRUE. . e - -

- READ (5, 0K)

. IF(GO)GOTO 10 . _
. GOTO 1 . o CL _
10 o

CONTINUE

Cxkx

L CREE

CH*x

- C*

-KSTEP=NSTEP : )
KSTEP1=0

KSTEPA=KSTEP

PI=4.0D0*DATAN (1.0D0)
CRAD=180.0D0/P . . . .,
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FILE: OPTSMOOT FORTRAN A

Ck*%
READ (10) (XAS(I,1),I=1,6)
RBAD(12'KSTEPA)(XPK12(I) I=1,11)

PRINCETON UNIVEESITY

1, (XMK12(I),I=1,11) , ((PPK12(I,d) ,I=1,11) ,3=1, 11)

2, ((PER12(I.J) ,I=1, 11),d=1,11)

C* N .

DO 431 I=1,NXP
XPK1(I)=1PK12 (I)
XMK1(I)=XMK12 (I)
. DO 432. I=1,NXP
. DO 432 J=1,NXP
PPK1(I,J)=PPK12(I,J)
PMK1 (I,J)=PMK12 (I, J)

------ DO 581 I=1,NXP
XS (I) =XPK1 (I)
.. DO 582 .I=1,NXP
. DO 582 J=1,NXP

PS(I,J)=PPK1(I,J)
. KSTEPG=KSTEP . .
.-.-DO 709 I=1,NXP
709 XS1(I)=XS (I}
.. DO 710 I=1,NXP
DO 710 J=1,NXP
PS1(I,J) =PS (I,J)
X51(7) =XPK12(7)
XS1(8)=XPK12 (8)

. XS1(9) =XPK12{9)

.. DO 801 1=7,9.

. DO 801. J=1,9
801 pS1(I,J)=PPK12(I, J)

- D0.802 I=1,6 . ..
po 802 J=7,9
Ps1(I, J)-ppx12(1 J)

710

802
Chkkk .
... XS1(10)=XPK12 (10)
. . XS1(11)=XPK12(11).. .
WRITE (17' KSTEPG) (XS1(I) ,I=1,11)
1, ((PS1(1,J),I=1 9),3 1,9) -

DO 591 I=t, HXP

DO 591 J=1,NXP
591 FK(I,J)=0..
Chkk )

CONTINODE

KSTEP=KSTEP-1

IF (KSTEP.LT. 1) GOTO 311
/ .KSTEP1=KSTEP1+1 .. . .

301

KSTEPA=KSTEP
Cxk® . . _
... BREAD(10) (XAS(I,1),I=1,6)

. . READ(12'KSTEPA) (XPK12(I),I=1,11)

1 (XAK12 (1) (I=T,T1) ((BRR12(T,3) 141 .31, 11)
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PORTRAN A

LI=1,11) ,3=1,11)
C* .
DO 441 I=1,NXP
IPK {I) =XPK12 (I}
XMK (I) =XMK12 (I)
. DO 442 I=1,NXP
DO 442 J=1,NXP
PPK (I,J)=PPK12(I,J)
342 PMK (I,J)=PMK12(I,J)
ChEk .
_mC***PK—ﬂATRIX COMPUTATION
. WP=XAS (1,1)

WO=XAS (2, 1)
WR=XAS (3, 1)
PHI=XAS (4, 1)
TET=XAS (5,1)
PSI=XAS(6,1)
SNT=DSIN.(TET)
CST=DCOS (TET)
SNP=DSIN (PHI)
CSP=DCOS (PHI)

. SNP=DSIN (PSI)
. ..CSP=DCOS (PSI)
| CHEE N . o
~. . - CEB11=CST#CSP
. CEB12=CST#*SNP
. CEB13=-5NT
.CEB2 1=SEF*SNT*CSP-CSP*SHP
...CEB22=SNP*SNT*SNP+CSP*CSD.
.. CEB23=+SNFXCST . . o
- CEB31=SNT#CSF*CSP+SNP*SN
. CEB32=CSP*SNT*SNP-SNF*CSP
. CEB33=+CST*CSF .
Ck*¥%x . .
XE=XPK (1)
YE=XPK (2)
. ZE=XPK(3) .
. USPEED=XPK (8)
. YSPEED=XPK(5)
WSPEED=XPK (6)

441

Cx%x%x _ .
WX=XPK12(7)
H¥Y=XPK12(8)
WZ=XPK12(9)
Chx%x S ‘
- TLAM=TLAMO+XE/AGLOBE
. - COST=DCOS (TLAN)
.- SINT=DSIN (TLAMN)
e PTANT=SINT/COST
- SIN2T=2%SINT*COST
.. COS2T=COST*COST-SINT*SINT
+C1111=1.0D0- ZE/AGLOBE- SDO*EPSZ*COSZT
. C112= 1/c1111 : . ..
C* .
-c*
T 121
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. FILE: OPTSMOOT FORTRAN A

Cxx#

C141=C112#% (ZE/AGLOBE+.5*%EPS52%*C0OS2T)
C111=(CEB11*USPEED+CEB21*VSPEED+CEB3 1*WSPEED+WX) /AGLOBE

C211= (CEB12*05?EED*CEBZZ*VSPEED*CEBBZ*HSPBED*HY)/AGLOBE

C241==C112%*YE*TANT/AGLOBE
C341=C112*EPS2*SIN2T

C56=0OMEGA* (CEB11#COST-CEB13*SINT)
C64=0MEGA* (CEB21#*COST-CEB23+*SINT)
C45=0OMEGA* (CEB31#COST~CEB33%*SINT)

C413=0OMEGA* (CEB11*SINT+CEB13%COST)
C412=0MEGA* (CEB21*SINT+CEB23*COST)

- C411=0MEGA* (CEB31*SINT+CEB33%COST)

: CENT1=*OHEGA**2*AGLOBE*C1113*.5¥SIHZf

'CENT2=-OMEGA**2*AGLOBE*C1111*COST**2 . -
C47=2% (+WR*CEB21-WQ*CEB31) +OMEGA*CEB12*SINT

- C48=2% (+WR¥CEB22-WQ*CEB32)-C413

C49= 2*(+WR*C£BZ3-HQ*CEB33)-058GA*CE§12*COST
C57=2% (~-WR*CEB11+WP*CEB31) +OMEGA*CEB22*SINT
C58=2*% (-WR*CEB12+WP*CEB32) -C412

- C59= 2*(‘WR*CEB13#WP*CEB33)-OHEGA*CEBZZ*COST

C67=2% (+WQ*CEB11-WP*CEB21) +OMEGA®CEB32*SINT
-C68=2% (+WQ*CEB12~-WP*CEB22) -C#411

. . C69=2% (+WQ*CEB13~ VP*CEBZ3) 0HEGA*CE$32*COST
cx .. : _
~ ~-C1122 CT112%C112

C2112=C211%C1122 - .

- -C13=C111*¥C1122
.- C11==EPS2*SIN2T*C13

C31—C111*C112*EPSZ*(2*COSZT-C112*EPSZ*SIN2T*SI32T)

- €C33=C13*EPS2*SIN2T

CZ1--EPSZ*SIKZT*C2112+C13*(-C1111+ SDO*EPSZ*SINZT*SINZT)*YE/

1. .AGLOBE/COST/COST .
C22=~C111*C112*TANT

: C23-C2112‘C13*TAHT*YE/&GLOBB

C14=C141*CEB11
C15=C141*CEB21

- -C16=C14.1*CEB31

~C24—C201*CEB11+C1Q1*CEBIZ

C25=C241*CEB21+C141%CEB22

C26=C241*CEB31+C141*CEB32

- C34=C34 1*CEB11
- €35=C341%*CEB21

C36=C341*CEB31

- C17=C141

.€27=C241

. C28=C141.
. 'C37=c381
. C411=0MEGA* (CEB3 1%*SINT+CEB33*COST)

C412=0OMEGA#* (CEB21#SINT+CEB23*%COST)
c413= OHEGA*(CEB11*SINT+CEB13*COST)
Cl433=0MEGA*COST

Cu43=C433%Cu13

C53=C433*C412

-~ C63=CA433*C411
+ COST1=COST*OMEGA/AGLOBE
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SINT1=SINT*OHEGA/AGLOBE

CL111=(C1111*%COS2T+, SDQ*3952*SI¥21*SI¥2T}*QAEGA*OAEGA‘
C4112= (Ciiii*SINZT- EPS2*SINZ2T*COST*COST) *OMEGA*CHEGA
Ci1= (WSPEED*C4 12~-VSPEED*C4 11) /AGLOBE

1-CEB11*C4111+CEB13*C4112+COST1* (WX*CEB12~- WY*CEB!1)+SIHT1*(

2 WY*¥CEB13+WZ*CEB12)

C51= (USPEED*C4 11-WSPEED*C413) /AGLOBE
1-CEB21#C4111+CEB23#C4112+COST1* (NX*CEB22~- WY*CEBZI)*SINT1*(

2 WY*CEB23+WZ*CEB22)

C61=(VSPEED*C413- USPEED*CQ12)/AGLOBE
1- CEB31*C4111+CEBB3*C4112+COST1*(WX*CBB32-WY*CEB31)*SINT1*(

2 WY*CEB33+WZ*CEB32) .

C65=-C56
C46=-Cb4
C54=-Cl5

PK(1,1)=C11
PK (2, 1) =C21
FK(3,1)=C31
FK (4, 1) =C41
FK (5, 1) =C51
FK (6, 1) =C61

FK(2,2)=C22

PK(1,3)=C13
PK(2,3)=C23
FK(3,3)=C33

. PK(4,3)=Cl43

C*
~C*CALLING THE SUBROUTINE FOR COH?UTATIOB OF THE STATB TRANSITION MATRIX

CCREX. .

PK(5,3)=CS3
FK(6,3)=C63

. PK{1,8)=CEB11+C14

. PK(2,8)=CEB12+C24
.. PK(3,8)=+CEB13+C34
 PK(1,5)=CEB21+C15 ..

PK (2,5)=CEB22+4C25 ..
FK(3,5) =+CEB23+C35.

FK (1,6) =CEB31+C16
PK(2,6)=CEB32+C26
. PK(3,6) =+CEB33+C36
. PK(5,4) =-WR+C54
. PK (6, 4) =HQ+C68
FK (4,5) =WR+C45
FK (6,5) =WP+C65
PK (4,6) =-WQ+C86
FK(5,6)=WP+C56 .

CALL CSTH (PK,PERCNT,DT, THAT B60,FKDT, SUME, SUME1,NXP, NTERMS)
DO 600 I=1,HXP .
. DO 600 J=1,NXP
‘ 600 TMATT (J, I)-THAT(I J)

Ckkk. R
Do 701 I=1,NXP
DO.701 J=1,NXP
701 PMR2(I, J)«PEK1(I J)
. CE¥xk .
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FPILE: OPTSMOOT FORTRAN A PRINCETON UNIVERSITY TIME-SHARING ¢

CALL LINV1P(PMK2,NXP,NXP,PINV,IDGT,WKAREA,IER1) 10):3

CALL VMULPPF (PPK,TMATT,NXP,NXP,NXP, NXP,NXP, PTMATT,NXP,IER2) op’

CALL VMULPF(PTMATT,PINV, NXP NXP, NIP, NXIP,NXP,AK,NXP,IER3) op’

DO 601 I=1,NXP op’

DO 601 J=1,NXP . : op

601 AKT(J,I)=AK(I,J) _ : ) op’
DO 602 I=1,NXP 1024

602 DELX(I,1)= XS(I) xux‘i(z) A op
DO 603 I=1,NXxpPp . .. : : ' op

DO 603 J=1,NXP ' op

603 DELP(I,J)= PS(I J)-PMK1(I,J) _ CP

- CALL VMULFP (AK,DELX,NXP,NXP,1,NXP, BXP DELXES, NXP, IERQ) oP

. DO 604 I=1,NXP . v op
604-!8(1)-XPK(I)+DELXES(I 1) cP

... .CALL VMULFPF(AK,DELP,NXP, NXP, NXP NXP,NXP,AKDELP,NXP,IERS) op
CALL VMULFP(ARDELP,AKT,NXP, NXP NXP, NXPyNXP ADPAT  NXP IERB) opP

-DO 605 I=1,NXP . op

: DO 605 J=1,NXP . : op
605-PS(I.J)=PPK(I J)+ADPAT(I J) . . 0P
Cx*% i . . op
- - IF(KSTEPI LT-S)GOTO 253 - : opP
- KSTEP1=0 . : op

-DO 251 I=1,NXP e : . QP

DO 252 .J=1,NXP . S op
IP{(I.LE.J)GOTO 252 : e - . . . Op
PS({I,J)=.5D0%(PS (I, J)+PS(J I)). : . , : op

- PS{(3,I)=PS(1,J) . S o A ap

252 CONTINUE . -' . : OF
251 CONTINUE B - 18324
253 CONTINDE. . . : . . op
ChREE : . ap
~. ... DO 711 I=1,NXP _ : S e GF
711 XS1(I)=XS(I) . : : 0P

.- DO 712 I=1,NXP S : : : oP

DO 712 J=1,NXP : . : . A oP

712 PS1(1,3)=PS(I,J) : . . op

- RSTEPG=KSTEP - o L . op
XS1(7y=XPK12(7) . _ o , op
XS1(8)=XPK12(8) . : .. opP
XS$1{9)=XPK12(9) - . o . op

- DO 803 1=7,9 - S - OP

- .- DO 803 J=1,9 o : op
803 Ps1(I, J)‘PPK12(I J) : . _ op

- .- DO 804 1=1,6 R : : . op

- Do 804 J=7,9 o . op
80uwPS1(I,J)=PPK12(I,J)' : e - : - : op
~ XS1{10)=XPK12(10) - . .. : . ) op’
XST(11)=XPR12(11) . ; o op’
WRITR(17'KSTEPG) (XS1(I) ,I=1,11) . . - op*

1. ((Ps1(1,J) ,1=1,9) ,3=1,9) - . L . opP’

. C**xCOPY K—-AREAS INTO (K+1) LREAS I.E. .INTO 'PREVIOUS' . AREA, : op’
. .C**%--GOING FROM END TO BEGINNING OF PFILE. . e op”
~.. .- DO 631 I=1,NXP opP’
DO 631 J=1,RXP : : : 0P
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" PILE:

632
C**x

Cxak
L CEE®

311
Ch%s
.CE%*

92

OPTSMOOT PORTRAN A PRINCETON UNIVERSITY TIME-SHAR

DO 632 I=1,NXP
XMR1 (I)=XHK (I)

GOTO 301
CONTINGE

.GOTO 1

CONTINUE

- STOP

END

BLOCK DATA

IMPLICIT REAL*8 (A~H,0-8) .

COMMON/DATO/PERCNT, DT, TLANO, OMEGA , AGLOBE, EPS2,IDGT, NSTEP, NXP, SOF
LOGICAL SOF

DATA SOF/ .PALSE. /,NSTEP/60/,NXP/6/

1, PERCNT/. 00000100/,DT/1 ODO/ .

2,IDGT/3/

3,TLANO/.700D0/ .
4 ouEsA/.000072890/,AGLOBE/zosuoooo.0D0/,29$2/.0067DO/
END . -
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FILE: OPTSMPR FORTRAN A PRINCETON UNIVERSITY TIME-SHARING .

C***THIS PROGRAM CREATES A NON-DIRECT-ACCESS-DATA-FILE FOR XAS OR
C**xXBS FOR OUTPUT OR FURTHER PROCESSING

C® .. .
DIMENSION J(15),Z(11)
1 ,RDME (7) ,XDME(7) , YDME (7) , ZDNE(T)
CONMON/DATO/SOF,d, NSTED, N,NAMES,TLAMO,AGLOBE .
1 ,EPS2,SHEWO,ISTDME, XST(7), YST(7) +2ST(7)
INTEGER FILE (2)
DIMENSION NAMES (38), NAHESi(ss) Xs(11), 95(9 9) sum(1u) STDZ(io)
1 ~BIAS(11), sun1(1u) rzup(1u)
LOGICAL GO,SOP. .
NAMELIST/INP/FILE .
"NAMELIST/OK/GO
NAMELIST/DAT/SOP,J,NSTEP,N,TLAMO, AGLOBE

SN ,EPS2,SHEWO, ISTDAE, XST , YST,ZST.

Ckix . . . .
DEFINE PILE 10(60,368,L,KSTEP1)

ChE%k . ..

1 .CONTINUE

- PRINT 1002

1002 PORMAT (1H ,'TYPE SINP PILE= SEND')
READ (5, INP) . - i}
INF1=FILE (1) . , ;
INP2=FILE (2) .
PRINT 2000,FILE
2000 FORMAT (2I10). .
PRINT 1004.
1004 PORMAT (1H ,'TYPE SDAT DATA= eEND')
READ (INF1,DAT) .- .
IF (SOF) GOTO. 92

PRINT 1003
1003 PORMAT (1H. ,'IP EVERYTHING O.K. .TYPE.SO0K GO=.TRUE. SEND')
G60=.TRUE. . .. . - .
READ (5, 0K) '
IF(GO)GOTO 10
GOTO 1
. 10-.CONTINUE
| CREk
- DO 331 I=1,14
SUN1(I)=0.
331 SUM(I)=0.
Cr*%x
DO 991 J1=1,NSTEP
KSTEP1=J1
READ (10 'RKSTEP1) (XS (I) ,I=1,11)
1, ((PS (L,d7),1=1,9).,37=1,9)
C*xx R
cosT= c05(rnaao+x5(1)/acLoaz)
XS(Z)‘XS(Z)/COST :

Ccxk*x
' " po 302 I= 1, 9
po 302 Ja-1 9
IP(PS(I,J8).1LT.0.)PS (I, J8)-1oo..
302 pPs(I, JB)—SQBT(PS(I J8))
et lE
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PILE: OPTSHPR FORTRAN A PRINCETON ONIVERSITY
¥RITE(11) (XS{I),I=1,9)
CHxik e
READ(14)(Z(13) I3=1,11)
IP{(NSTEP.GT. ISU}GULU 323
WRITE (12,903) 31, (XS (I),I=1,6) » (PS{I,I)»I=1,6)
903 FORMAT(' 'I10,12F10.3)
: WRITE (12,905) J1, (XS (1) ,1=7, 9),(95(1 1) ,1=7,9)
905 PORMAT(' ',I10,6F20.3)
923 CONTINUE
-C**¥NOT TO WASTE TDISK SPACE, WHILE ACTUALLY PROCESSING
L CREEE . oL L
USPD=XS (4)
. VSPD=XS (5)
. WSPD=XS (6)
. XE=XS (1)

--YE=XS (2) ¥*COST

_ C***XS(Z) HAS BEEN REDEFPINED AT THE BEGINNING OF THIS PROGRAN.

Cr*x

931
Chts

Ok

-

c*

-C*

-C#*
301

ZE=XS (3)

VAIR=SQRT (USPD*%2+VSPD**2+WSPD**2)
ALPHA=57.3%*ATAN2 (WSPD,USPD) . . ...
BETA=57. 3tamnn2(vspn,uspn) :
HM=-ZE - .

IF(J1. EQ.t)paInr 931, x5(1) x5(2)
FPORMAT (' ',2F10.0).

-IP(NSTEP GT.150)GOTO 921

TLAN=TLANO+XE/AGLOBE
COST=COS (TLAN)
SINT=SIN(TLAN)
SMEW=SMEW0+YE/AGLOBE/COST
COSS=COS (SXEW) S
SINS=SIN.(SMEW)

C1111=1.~. SXEPS2%COS (2% TLAN)
AC1111=AGLOBE*C1111.

. DO 301 I=1,ISTDNE . o
XDME (I) =AC1111%COST*COSS~ (~ ZST(I)*AGLOBE*(1.. 5%EPS2%*COS (2*XST (I))

1) ) #COS (XST (I) ) *COS(YST (I))

YDME {I)=AC1111*COST*SINS- (- ZST(I)*AGLOBE*(I .S*EPSZ*COS(Z*XST(I)}

1)) *COS (XST (I) ) *SIN (YST(I))
ZDME (I) =AC1111*SINT
1))*SIN(XST(I))

. RDME (I) = sqar(xnna(l)**2+tnaz(1)**2+znuz(1)**2)

TI

Iy

RDNE(I) = SQRT((XE-XST(I))**2+(YB‘!ST(I))**2*(ZE—ZST(I))**2)

COHTINUE

Chex .. .

. WRITE(15,912)J1,% (8) ,YAIR,Z (5) ,ALPHA,Z (6) ,BETA,Z (7) , HHN
1,2(8) ,BDME(1) ,Z (9) . RDME(2) ,XS(7) ,XS(8) , (PS(I,T) ,I=1,6)

 C***xx*PRINT 911,J1,2(4),VAIR,Z(5),ALPHA,Z(6),BETA,Z(7) ,HN

CREEX

1 +2(8) ,RDME(1),2(9) ,RDME(2) ,XS(7).,XS (8)

911 FORMAT (I4,F4.0,F4.0,4F4.1,2F6.0,4F8.0,2F4.0)

912 PORMAT('.',I5,2F5.0,4P4,.1,2F6.0,478.0,2P4,.0,4X,3F6.0,4X,3F5.1)
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FILE:

Cxex

951
921

OPTSMPR FORTRAN A

TEMP ( 1)=Z( 4)-VAIR

TEMP( 2)=Z( S5)-ALPHA

TEMP ( 3)=Z (. 6)-BETA

TEMP( 4)=Z( 7)-HN

TEMP( 9)=Z( 8)-RDME(1)

TEMP (10) =% ( 9) -RDNE(2)

TEMP ( 5)=XS (7)

. TEMP { 6)=X5 (8)

TEMP ( 7) =XS (10)

TEMP ( 8)=XS (11)

DO 951 I51=1,10
SUMT(I5T)=SUM1(IS1) +TENP (I51) .
SUM (I51)=SUM (I51) +TEMP (I51) **2
GOTO 922 L .
CONTINUE

- WRITE(15,913)31,2Z(4) ,VAIR,Z(5), ALPHA Z(6) ,BEBTA,Z (7) ,HM

| 1 «2(8),X5(Y),2Z2(9), XS(Z) 15(7) Xs.(8) -

913

922
Chexs

996

PORHAT(' *,1I5, 2?5 0,4P4.1,2F6.0, @EB 0 2F4. O QX 18X 4x, 15X)

. Cx%*%x*PRINT 911,31,Z (4) ,VAIR, 2(5) ALPHA Z(6) BETA, 2(7) Hﬂ
LCHEEE .

1 «eZ(8), XS(1) Z(9) XS(Z) 13(7) XS(8)
CONTINUE : -

_CHe%*%PRINT 996 J1,(XS(I) I=1,6)

PORMAT('.',I7,6710.3),

C**kx*%PRINT 997,J1,(XS(I),I=7,9)

997
991

CRRE

352

914

915
953

Cx®% ..

FORMAT (' ',17,3320.3) .

CONTINUE. 4 .

IF (NSTEP. GT.GO)GOTO 953

Do 952 I=1,8 ‘

BIAS(I)—SUH1(I)/60 .

TEMP2=SUM (I) /59-BIAS (I) **2

IF(TEMP2.LT.0.) TENP2=100.

STDZ (I) =SQRT (TENP2)

.BIAS{ 9)=SUM1( 9) /60

BIAS (10)=SU¥1(10) /60 .

TEMP3=SUM( 9) /59~ (BIAS( 9) +BIAS (7)) **2
TEﬂPB-SUﬂ(10)/59-(BIAS(10)+BIAS(8))**2

IP (TEMP3.LT.0.) TEMP3=100. . .

IF(TEMP4.LT.0.) TEMP4=100.

STDZ ( 9)=SQRT (TEMP3)

STDZ (10) =SQRT (TEMP4Y) . ,

WRITE (15, 910)(95(1 1),I=1,6), (STDZ(I1) ,I1=1,8) ,STDZ(9) ,STDZ (10)
PORMAT(' ',F10.0 2?10.1,3?10 0,4X,E10.0,2710.1,3710. 0)
_.PRINT 915, (BIAS (I),I=1,4) ,BIAS (3),BIAS(10)., (STDZ (I1),I1=1, u)
1. , ,STDZ(Q),STDZ(10) :

_FORMAT (* ',F6.0,2F6.1,3P6.0,7X,F6.0,2F6. 1, 3F6. 0)
.CONTINUE.

ENDFILE 12

..ENDFILE 15

-PBINT 995 (PS(I,I),I=1 6)

'995..FORMAT (' ',6F10.3)

. C**x*x. IS THERE AHOTHBR RUN.TO BE GENERATED?
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92

CPTSEPR FORTRAN 2 PRINCETON UNIVERSITY TIME-SHARING

GOTO 1

CONTINUE

STOP

END

BLOCK DATA

COMMON/DATO/SOF,J, NSTEP,N, SANES, TLAMO, AGLOBE

1 ,EPS2,SMEN0,ISTDME, xsr(7),zsr(7) ZST (7)

DIMENSION J(15) ,NAMES (38)

LOGICAL SOF

DATA SOF/ .FALSE. /,3/38,2,23,5,26,6,27,14,24,15,25,29, 18, 2%0/,
ANSTER/60/,8/13/
B,TLANO/.700/,AGLOBE/20940000. /
C,ISTDME/2/,XST/.703,.6985,5%.706/,YST/-1.297,-1.2985,5%=1.294/
D,ZST/7%*0./,EPS2/.0067/,SMERO/~1.300/ A

1, NAMES/'DME1', 'CLDE'," Q ',' NZ ', WHDA','PEDR','BETA',' P

- 2, R ',' NY ',' NX ','ALPA','DME2','HADT','LEDF','TRDE', 'THET!?

14
3, v .t,'PSI *,'PHI *','TRDR','TRDA',!'PODE' , 'PODT','PODF', ' PODA!
4,*PODR',*'VOR1', "HBAR','ALS ' ,'LMLS','GNMLS','VOR2','INDF!, 'HDIG"
5,'LGHT*,'HDSW*, "TIME' /. S :
END

129
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APPENDIX C

COMPUTER SYSTEMS FOR PREPROCESSING
AND POST-FLIGHT DATA REDUCTION

Post-flight data handling begins using the HP 1000
digital computer located at Princeton University's Gas

Dynamics Laboratory. The raw data is transferred to a

9-track, 1600 BPI magnetic tape that can be processed
on either the IBM 4341 or the IBM 3033 computer. The

following block-diagram summarizes the described procedure:

SPIFR flight records on
DC100A digital data cartridges

Transfer from cartridges to
9-track 1600 BPI magnetic tape
(HP 1000 digital computer)

l

-

-

Data reduction & analysis

(IBM 4341 digital computer)

Data reduction & analysis
(IBM 3033 digital computer)

Figure C-1. Data Reduction Procedure.

The FORTRAN program CAT9 controls the transfer from the

DCl00A cartridges to the 9~track magnetic tape.

The FORTRAN

program RAWY1l converts 16-bit binary-formatted data into
IBM-compatible decimal integer format and arranges the data

in physical time vectors.

The FORTRAN program SPIFY1l completes

the preprocessing by converting the decimal integer time
vectors into voltage and then

130

into engineering units, also



o~

converting Indicated Air Speed (IAS) to True Air Speed
(TAS) .

The SPIFR data storage policy is to preserve both the
raw flight-test data and the preprocessed data on magnetic
tapes (9-track, 1600 BPI), which makes it compatible for
further analysis on both the IBM 4341 and the IBM 3033
machines. Thus, two copies of the raw integer data (RAWYL
output file) and one copy with engineering unit time-vectors
(SPIFY1l output file)-for further processing (analysis,
tabular printouts or plotting) are preserved.
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TRANSFER FROM CARTRIDGES TO TAPE

QCQIE T=08884 IS dN CRO9B8S USING 92012 BLKS R=0888

415121
8ae2
8803
gog4
(515]3)5]
Be8s6
aoar
8aos
8009
Bo19
8811
@812
8813
gol4
8815
Ba16
5153 g
8818
84219
8828
8821
8822
8823
86024
8825
8926
gazv
gg28
8829
0g38
B8a31
8832
8833
8834
8835
8836
8837
8938
8839
89848
g4l
8042
8843
8844
8845
8846
gear
8048
8849
8850
8851
80852

FTN4,L

OO0O0O0O0000O00000n

PROGRAM CAT9(3,99), VERSION OF 4 JUNE 1981

PROGRAM TO COPY BINARY DATA FROM CASSETTE TO IBM COMPATIBLE
TAPE DRIVE.

LOADING THE PROGRAM
:RU,LOADR. *F4X, 2CAT3

RUNNING THE PROGRAM
:RU.CATS.P1.P2
WHERE P1 - IS THE LOGICAL UNIT NUMBER OF.YOUR TERMINAL
P2 - IS THE LOGICAL UNIT NUMBER OF THE MAG TAPE

INTEGER IBUFF(128).IMORE. ISTAT. ITLOG,PARMS(S) ,NBLCK
EQUIVALENCE (PARMS(1),LUCRT), (PARMS(2),MTLL)

CALL RMPAR(PARMS)

NBLCK=8

CHokREAD FROM LEFT CARTRIDGE LU 4

21

47
c

c
e

CONTINUE :

CALL EXEC(!.188B+4, IBUFF, 1289}

GET STATUS

CALL ABREG(ISTAT, ITLOG)
WRITE(LUCRT, 47) ITLOG

FORMAT(I1@)

CHECK FOR END OF FILE
IF(IAND(ISTAT,2888) .EQ. 289B) GO TO 22
CHECK FOR END OF TAPE
IF(IANDC(ISTAT,.488) .EQ. 488B) GO TO 22
CHECK FOR END OF DATR
IFCIANDCISTAT. 2} .EQ.2)G0 TO 22

CoaoieklJRITE TO TAPE

31
22

41
23

CALL EXEC(2,198B+MTLU, IBUFF.,128)
NBLCK=NBLCK+1
WRITE(LUCRT,313NBLCK
FORMATC(I?)
GOTO 21
CONTINUE
IFC(ITLOG.LT.128) GO TG 41
CALL EXEC(2, 188B+MTLU, IBUFF,128)
NBLCK=NBLCK+1
WRITECLUCRT,31INBLCK
WRITEC(LUCRT., 23>
FORMAT("PLUG IN MEXT CARTRIDGE AND TYPE 1-OR IF LAST-TYPE B°)
READ (LUCRT, x3 IMORE
IFC(IMORE.EQ. 1)GOTO 2!
WRITE TWO CONSECUTIVE END OF FILE MARKS
CALL EXEC(3.810@B+MTLUY
CALL EXEC(3.81888+MTLU)
STOP
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FILE:

CH%%

1002

2000

1004

1003

10
CHx*

Ckkx

28

C *k%
99

30

17

29
CkEx

PREPROCESSING - STEP 1

EAWY 1 FORIEAN A1 PRINCETON UNIVERSITY TIME~SHARING SYSTEH

COMMCN/DATD/SOF,NB

LOGICAL GO,SCF
NAMELIST/INP/FILE

INTEGER*®*Z A3(1200),42(1700,38)
INTEGER*2 TATA (128)

LOGICAL*1 LALOG (256)

LOGICAL*1 SWLOG(256)

INTEGER*2 [CATA1(128)

INTEGER*2 LATA2(128)
EQUIVALENCE {DATA{1),DALOG (1)), (SWLOG{1),DATA1(1))
INTEGER FILE (2)

NAKELIST/OK/GO
NAMELIST/CA1/SCF, NB

CONTINUE

PRINT 1002

FORMAT (14 ,*TYPE SINP FILE= SENDY)
READ (5,INP)

INF1=FILE (1)

INF2=FILE(2)

PRINT 2000,FILE

FORMAT (2110)

PRINT 1004

FORMAT (1H ,'TYPE EDAT DATA= SENL!')
REAL (INF1,DAT)

IF (SOF)GCTC §2

PRINT 1003

FORMAT (18 ,'IF EVERYTHING G.K. TYPE SOK GO=.TRUE.SEND!')
GO=. TR UE.

READ (5,CK)

IF (GO)60TO 10

GOTC 1

CONTINUE

I1=0
I2=0

READ (15, 17) CATA

O 28 1=1,255,2
SWLOG(I)=DALCG{I+1)
SWICG (I+1)=DALOG (I)
CONTINUE

GOTC 32

CONTINUE

Do 30 1I=1,128

DATA2 (I)=DAT21(I)

READ (15,17 ,END=100) DATA
FORMAT (12832)

DO 29 I=1,255,2
SWIOG(I)=DALCG(I+1)
SWICG (I+1)=DALOG(I)
CONTINUE

DO 31 I=1,128
133
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FILE:

31

32
ChkE*

521
417

418

RAWY] FCRTRAN A1 PRINCETON UNIVERSITY TIME-SHARING SYSTEM

IF(CATA2(I) .NE.DATA1(I))GOI0 32
CONTINUE

GOTIC <9

CONTINUE

I1=I1+1
IF(I1.EQ.8)GCTO 417
DO 421 ®=1,128
M3=M+ (I1-1)*128

A3 (M3)=DATA1{N)
GOTC 99

DO 418 ¥=1,92
M3=M+ (I1-1) %128

A3 (M3)=DATA1 (¥)

CHe4x¥3=1- (128%8-36) ;I11=0-8;12=NC. CF 2048-BYTE BICCKS,
C***READ FRCM TAPE INTO A3 (EACH CVERWRITING THE PREVIOUS).

I2=T12+1
K1=26% (I2=1) +1
K2=K1+25

C*K HAS A SPAN OF 26 AS 1024=38%2¢£+36

ChE%x

432

431

100
Cxx®

441
Cx%%

437

27

531

Ckk#

92

J7=0

DO 431 K=K1,K2

IF (K.GT.NB) GOTO 437
DO 432 J=1,38

A2 (K,J)=A3 (J7+J)
J7=37+38

CONTINDE

I1=0

G010 99

CONTINUE

PRINT 441
FORMAT(1H , 'EOT; DECREASE NE AND RERUF¥ AS A NEW JCB?)

CONTINOE

KSCF=K-1

FOEMAT (18 ,110)

PRINT 27,KSCF

DO 531 J=1,38

WRITE (9) (A2 (K0,J) ,K0=1,KSCF)
ENLFILE 9

GOTC 1

CONIINUE

STCP

END

ELCCK LATA
COMMCN/DRTC/SCF,NB

10GICAL SOF

DATA S07Fs .FALSE. /,NB/256,
END
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PREPROCESSING - STEP II

FILE: SPIFY1 FORTRAN A1 PRINCETCN UNIVERSITY TIME-SHARING SYSTEHM

COMMON/LCAT(/SOF,V5LOPE,VCONST, PHSLOP,PHCONS,N11,DPNSYD Sk
INTIEGER FILE (2) x
DIMENSICON A3{1700,38) ,PHSLCP{55) ,PECCHES {55} St
INTEGER*2 22(1700,38) St
LOGICAL GO,SCF SE
NAMELIST/INP/FILE ' i
NAMELIST/CK/GO 5¢e
NAMELIZ%,DAY/5CF,VELOPE, VCONST,PHSLOP,PECONS,N11,DPNSTD 3t

1 CONTINGE S®?
PRINTI 1002 SF

1002 FORMAT(1H ,'IYPE SINP PFILE= SENID?') SP
REAL (5,IXP) St
INFI=FILE(1) SP
INF2=FILE(2) SE

PRINT 2000,FILE . SE

2000 PORHAT{21I10) 3E
PRINT 1004 SE

1004 FORMAT (1H ,'TYPE &DAT DATA= EEND?Y) SP
KEAD (INF1,LAT) SE

IF {(SCF)GOTGC 92 Sk

PRINT 1003 SE

1003 FOEMAT(1H ,*IF EVERYTHING C.K. TYPE 5CK GO=,TIRUE.EENDY) SP
GC=,1RUE., SE

READ {5,0K) sSP

IF {GC)GGCGTC 1C SE

G010 1 SE

10 CONTINUE 3E
CHxkx SE
LO 501 J=1,38 SP

501 REALD (9){A2(I,3),I=1,N11) SE
C¥*¥*¥NG%-INTC REAL PHYSICAL DATA. sSp
Lo 512 I=1,811 SE
ISIGN=D SE

IF{A2 {I,1)+LT.0)ISIGN=1 SE
C*¥*4%55535=2%« 16~ 1, EECAUSE IF LEFTMOST OF THE 16-ZFRCS~-AND-CNES~-FIELD SE
C¥**I5 ONE,IT ITSELF IS INTERPREITIED AS MINOUS AND EACH OF THE OTEER SP
C*#x15 BITS IS CHANGED{ONES TO ZERCS ANI ZERCS IC CHNES). SP
C*%*THJS ,E.G.,A 16—ONES-FIELD IS INTERPRETTED AS -0 INSTEAD OF 2%%16-1 3P
C*«#AND A ONE FOLLICWED BY 15 ZEROS IS —-{2%%15-1) INSTEAD CF 2¥*15 SE
512 23(1,1)=A2(1,1)+ISIGN*¥65535 SP
DO 502 1I=1,%11 SP

DO 503 J=2,1Z2 5P
ISIGE=0 SE
IP{A2(1,J).LT.0) ISIGN=1 SP

503 A3 (I,3)={{(A2{,J) +¥ISIGN*65535) *VSLOFE/ 16, +VCOKST)*PHESLGP (J) + sP
TPHCONS (J)) Sp

502 CONTINUE Se
Fol 2 F SP
DO 521 1=1,K811 SP
IS5IGN=0 SP
IP(A2{(1,13).17.0)ISIGN=1 sSp

521 A3(I,13)=A2(Z,13) +iSIGN*65535 5P
DO 222 I=1,811 SE

DC 523 J=14,34 9P
ISIGN=0 Se
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FILE:

523 A3 (I,J)=(((A2(i,J) +ISIGN*55535)«VSLOPE/16. +VCCGNST) ¥PESLOP (J) +

SPIFY1 FCRIRANY A1 PRINCEION UNIVERSITY TIME-SHARING SYSYEHN

IF (32 (I1,J) .LT.0)ISIGN=1

1PHCONS (J))

522 CONTINUE

Cxkk

515
514
Cxx%

591
ot T

601
602

603

C***
CHx*p

611
ChEx

Cx**¥*NOT TC LCSE ACCURACY,THE TIME VECTCES ARE STOREL UNFORMATITED,I.E.
C**%JSING UNFORMATTIED EREAD(AND WEITE WHEN RETRIFVING FCR FURTHEF

Cxx*xp
121
CH®4I

92

LO 314 I=1,811

D0 515 J=35,38

ISIGN=0

IF(A2(I,J) «11.0)I5IGN=1

A3 (I,Jd)=A2(I,J) +ISIGN*65535
CONTINUE

DO 581 I=1,N11
IF(A3(1I,19).1T.0.)Aa3{1,19)=33(1,19) +360.

DO €01 I=2,N11,2

A3 (I, 1)=A3{1,13)

DO 602 I=3,N11,2
A3(I,1)=.5%(A3(I-1,1)+A3(I+1,1))

a3 (1, 1)=A3{2,1)

N111=N11-2

DO 603 I=2,8111,2

A3(I, 13)=.5% (A3(I-1,13) +A3(I+1,13))
A3 (N11,13)=23(N11~1, 13)

EAT=PRATIIO;REAT=RRATIO
po 611 I=1,K11
PRAT= (A3 (I,29) +DPNSTD) /1013.3
ERAT=PRATI**.81
43 (I,18)=1.689%A3 (I, 18)/SCRT (RRAT)
HCONST=EXP (A10G (PRAT) /5.256)
A3 (I, 29)=(1-HCONST)/.00000689
CONTINUE

ROCESSING).

DG 121 J=1,38

WRITE (10) (23(1,J) ,I=1,811)

ENDFILE 10
S THERE ANOTHER RUN TO BE GENERATEL?

GOTC 1

CONTINUE

STCP

ENL

BLOCK CATA
COMMON/LAT0/SOF, VSLOPE, VCONST, PHSLOP ,PHCONS,N11,DPNSTD
DIKENSION PHSLOP (55),PHCONS {55)

LGGICAL SCF

DATA SOF/ .FALSE. /,VSLOPE/.004884/,VCGEST/-10./,
1PHSLCP/1.,1.6583,-2.7604, -.20555, -8, 2085,. 2557,
2-3.0754,4.0811,-3.4664,-.05184,.05519,2.8611,
31.,.0508,.1020,-5., 3. 1338,5. 0623,
418.2787,-8.1664,5.,-5.,2.4703,.0513,
55.1310,-1.9589,2.4074, 1., 15.275,2.86 11,
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SPI:
SP1
SEI
SP1
SE1
SPI.
SP1I
SEI
SPI
SPI:
SP1
SEZ
SFEY:
SP1:
SET.
SPZI:
521
SP1
SEI:
SEI:
SPl:
SEBIY
SPI-
S5eI
SP1I
SEI
SP1
SEI:
Se1
SFPL:
SEI:
583
SET:
SPI1:
SET
SP1
SEI
SBI:
SBI«
SP1
SFI:
SPI:
SP1:
SPI.
SP1I
SEI-
SPI
SPI!
SFI1.
3P
SPIV
SPI:
SBEI:
SP1I.



FILE:

SPIFY1 FORTRAN A1 PRINCETON UNIVEBSITY TIME-SHARIXNG

6.25,210,10,.1,1.,3%1.,

717% 1./,
8PHCONS/0.,-3.2009,.458,~. 02467 ,~.5304,. 1055,
9-, 1019 ,~-.0427,~,2048,-,0019,-.01233,13.7125,
A0.,.492,-.0017,0.,.3805,99.9689,
B,OSEY,-,4821,0.,0s,-4.0193,.513,
Cc-23.8869, 1.5698,3.5703,0.,950.,13.7125,

DOe ;02,00,0e,0.,0.,0e,0.,

E17%0./,

FN11,10/

G,DENSTL/0./

END
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APPENDIX D

INTEGRATION OF DISTANCE MEASURING
EQUIPMENT (DME) INTO THE DATA COLLECTION SYSTEM

The DME component of the navigation/communication
system has been integrated into the onboard experimental
setup with the capability to sequence automatically avail-
able navigation stations and process the distance informa-
tion using microprocessor control. The navigation/communica-
tion (NAV/COM) and the DME are part of the Bendix "BX-2000"
product line of aircraft avionics. A digital information
format is used in the Bendix NAV/COM and DME for frequency
tuning. The DME receiver output to the pilot's indicator
is a pulse-width signal which is compatible with digital

processing techniques.

This appendix is sub-divided into sections. relating to
the external (microprocessor) tuning, distance signal de-
coding, and an overview of the DME system and specifications.

The first two sections are specific to the Bendix system.
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D-1. EXTERNAL DME TUNING

The Bendix DM-2031A DME receiver/transmitter has pro-
visions for both "2 out of 5" tuning which is compatible
with other manufacturers systems and a serial binary-coded-
decimal (BCD) tuning. The serial tuning method is used by
the Bendix NAV/COM and is implemented in the microprocessor
tuning for compatibility. When the Bendix DME is installed
with the Bendix NAV/COM, the DME serial tuning signal is
the same one which is used for tuning the NAV receivers.

As shown in Figure D-1, a switch located on the NAV/COM
(Bendix CN-2011A) permits the pilot to select DME tuning
paired with either NAV 1 or NAV 2. In the center-off or
hold (H) position, no tuning signal is sent to the DME.
Under this condition the DME continues to hold the last
tuning selection and station frequency. The tuning signal
contains a BCD format of the paired NAV frequency. (The
NAV frequency is not the actual frequency used in the DME
system, as will be explained in the overview section.)

The tuning signal is in the form of a twenty-bit
asynchronous pulse-width modulated serial word. The serial
data word format is shown in Figure D-2. The basic period
of each word is 4.0 msec, and when supplied by the NAV/COM;
the word rate is 250 Hz. However, a single word is sufficient
to tune the DME. Note that the same format is used for the
COM, NAV, DME and GS (glide slope) units in the Bendix
product line. The first bit in the word is the synchronizing
pulse. Each bit after the first is dedicated to a specific
piece of information. The value of bits 2 through 7 is
ignored in the current DME, but future units may use these

bits as a device code.
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Figure D-1. DME Tuning Via NAV/COM.
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Figure D-2. Serial Data Word Format.
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The bit format is shown in Figure D-3. Syncroniza-
tion, logic "1", and logic "0" bits correspond to 150-,
100- and 50-microsecond duration pulses respectively.
The decoder inside the DME (as well as NAV, COM and GS) is
relatively tolerant of the actual pulse width (and word
length) of the incoming signal. As mentioned previously,
the synchronizing pulse (bit 1) indicates the beginning
of the serial data word. During the synchronizing pulse,
the signal level stays at logic 1 for 150 microseconds
(nominal) . The Bendix circuitry samples each bit at 125
microseconds to determine if that bit is the synchronizing
pulse. A similar sample is made at 75 microseconds to
differentiate logic 1 and logic Q0 pulses. Hence, the minor
variation in the pulse widths of the tuning signal will not

compromise the proper functioning of the system.

A microprocessor software program which generates the
bit pulses and data word format to tune the DME was written
using simple software timing loops. This program was veri-
fied using an oscilliscope to check the pulse widths and
data word format. Software programming of the station
sequencing was not completed in time for implementation on
the test program. The alternative tuning method to be

described latter is an interim solution.

Electrical (hardware) interfacing for microprocessor
tuning output to the DME input is shown in Figure D-4. A
signal inversion is employed at the NAV/COM's DME tuning
signal output (this was not shown in Figure D-1 for clarity)
and the signal is again inverted at the DME. Thus, the
signals on the interconnecting wires are inverted with
respect to Figure D-3. The high level (pull-up) voltage
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Figure D-3. Bit Format.
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is 12 to 15 volts. An open collector buffer, preferrably
with a 12 volt pull-up, may be used at the microprocessor

side of the interface.

The alternative tuning method used in the current
testing also is shown in Figure D-4. A switch located on
the avionics section of the instrument panel allows the
pilot to select normal NAV/COM (N) tuning or remote micro-
processor (EXT) tuning. In the EXT position either the NAV 1
or NAV 2 tuning signal is routed to the DME, depending on
the position of the relay shown. The relay is driven by
a discrete digital output of the microprocessor. No changes
in software logic were required for this implementation
since the relay was driven in parallel with the "computer
functioning"” light on the instrument panel. The present
rate of 0.5 Hz allows sufficient time for DME station lock-

on and measurement of distance.

The selection switch N/EXT provides an additional
function. In the EXT position, the displayed DME distance
available on the one pilot's electronic course deviation
instrument (ECDI) is blanked. The primary center panel DME
indicator is not blanked, and the microprocessor station
tuning of the DME can be verified by the safety pilot. The
primary DME indicator can be switched by the safety pilot
to display elapsed time or other function during flight

tests.
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D-2. DME DISTANCE SIGNAL DECODING

Three signal outputs are generated by the Bendix
DM-2031A DME receiver/transmitter: a pulse pair (RP1 and
RP2) and a status signal (SEARCH). The time interval
between RP1l and RP2 represents the slant range distance to
the DME ground station. The digital logic interface, shown
in Figure D-5, processes these three signals upon a DATA
READ signal from the microprocessor. The distance represented
the difference (RP2 - RP1l) is presented to the microprocessor
as a l6-bit (2-byte) word. The high-order bit of this data
word is used to indicate the DME status (SEARCH).

The difference (RP2 - RP1l) is measured by a 1l6-bit
digital counter using a crystal controlled oscillator which
operates at a frequency of 18 MHZ. Using the principle
that RF energy travels one nautical mile and returns in
12.359 microseconds, the slant range from the aircraft to
the ground station can be determined. Since the high—-order
bit is used for the status SEARCH signal, the maximum
distance reading (15 bits) is 147 nautical miles. Although
the interface clock frequency of 18 MHZ would suggest a
measurement (counter) bit resolution of 27 feet, the actual
resolution is determined by the processing within the Bendix
DM-2031A. The LSI (large-scale-integration) chip that
generates these pulses uses a 1.6 MHz clock (actually
1.61825 MHZ) which limits the (RP2 - RP1l) difference incre-
ments to the equivalent of 0.05 nautical miles. Some other
factors influencing measurement accuracy are discussed in the

overview section.

The digital logic interface is presented in a simplified
block diagram form in Figure D-6 for discussion of interface
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operation. The status of SEARCH is used to enable the
counter as a precaution, although the absence of pulses
RP1 and RP2 would preclude counter operation. The counter
is started from a previously cleared (zero) value by the
RP1 pulse from the DME. As noted previously, the counter
rate is determined by the 18 MHZ referecne clock. The
count is stopped by the RP2 pulse.

Two other events occur after receipt of RP2. After
a very short delay, the count is transferred to the buffer
via the latch control; when this operation is completed,
the counter is reset or cleared. This chain of events con-
tinues to cycle as long as the signal DATA READ is not
asserted by the microprocessor data collection system.
Counter and buffer updates will take place at a 21 Hz rate
during normal DME operation. When the microprocessor gener-
ates a DATA READ request, transfer of counter information to
the buffer is inhibited. This signal is maintained by the
microprocessor until the buffer has been read. This mode of
operation guarantees that some data will be available so
that the microprocessor will not "hang" in a wait state.
The data in the buffer will normally be valid distance in-
formation measured within the last .05 sec of receipt of
DATA READ. The signals RP1l and RP2 are not the raw pulses
used by the DME interrogating a ground station; rather, they
are generated by a sophisticated LSI chip. Corrections for
delays in turnaround at the ground station and within the
Bendix unit are applied so that the (RP2 - RP1l) difference
has no bias for true zero distance. Upon loss of the DME
station, the (RP2 - RP1l) pulses will continue to be sent by
the LSI chip for up to 10 sec. A correction also is made to

maintain the same rate of change (groundspeed) as observed
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prior to station signal loss. The correction is 80% of the
preobserved groundspeed to prevent a "backing up" indication
on the pilot's indicator when the signal is reacquired. The
consequences of the above and other effects are discussed

in the following overview section.
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D-3. DME/DATA COLLECTION OVERVIEW

The purpose of the DME system is to provide the pilot
with slant range distance information from the aircraft to
a selected DME ground facility. The system transmits
interrogation signals in the form of pulse pairs to the
selected ground station. The DME ground facility receives
the interrogation signal and returns a reply signal (again
a pulse pair) for each interrogation received. Multiple

aircraft may interrogate the DME ground station.

The DME system operates in the frequency range of 978
MHZ to 1212 MHz. There are 200 DME channels which are paired
with VHF NAV frequencies between 108.00 MHz and 117.95 MHz
(100 "X" channels and 100 "Y" channels). For example DME
channel 85X is paired with NAV frequency 113.80 MHz. The
aircraft transmits the interrogation pulses at 1109 MHZ
and receives the reply offset by 63 MHz at 1172 MHz. (Some
X channels are offset below the transmission frequency.)
On the .05 spacing VHF frequencies such as 113.85 MHz
(paired DME channel 85Y) the same transmission frequency is
used but the reply is offset opposite to that used for the
X channel (1046 MHz). Since some electrical processing de-
lay will take place from receipt of interrogation signal to
reply signal, all replys are adjusted to a specific delay
to permit accurate measurement of the elapsed time by the
airborne distance measuring circuits. This delay is 50 usec
for "X" stations and 56 usec for Y stations (measured between

the first pulse of interrogation to the first pulse of reply).

The interrogation pulse pairs are spaced at 12 usec
for X channels and 36 usec for Y channels. The reply pulse
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pairs are 12 usec and 30 usec for X and Y respectively.

The DME ground facility continuously transmits a
nominal 2700 pulse pairs per second sguitter signal with a
1350 Hz identification morse code signal at 30-second
intervals. The 1350 Hz identification signal consists of
groups of evenly spaced pulse pairs. The ground station
provides a reply pulse pair that replaces a squitter pulse
pair 50 usec after receiving an interrogation. The identi-
fication signal is available to the pilot as an audio tone

to verify tuning and station selection.

When the DME is first tuned to a ground station, it
must determine which reply pulses are to its interrogation
pulses as opposed to those meant for other aircraft. 014
model DME equipment frequently took 20 seconds or longer to
achieve a lock-on and track. The Bendix DM-2031A specifica-
tion for lock-on is less than 1 second. During the search
period the interrogation rate is increased to 140 pulse
pairs/sec to improve the detection time. This is reduced
to 21 interrogations per sec during track. All DME units
also use a variable pulse repetition rate to prévent syn-
chronization of distance replies between other DME aircraft
interrogators. A random jitter of the interrogation rate
about the nominal of * 1% is used in the Bendix DM-2031A.

The specification measurement accuracy of the Bendix
DM-2031A is * 0.1 nautical mile or .15 percent, whichever is
larger. The minimum indication on the pilot's display of

the Bendix DME system is 0.1 nautical mile. The output
resolution of the signal to the indicator (RP1 - RP2) pulses
is 0.05 nautical mile.
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A possible source of error, both at the ground station
and in the aircraft processing circuits, is proper pulse
delay processing. The DME ground station error specification
is * 0.1 nautical miles indicating that the pulse delay (50 usec
on channel X) is within 1.2 usec. This type of error, at a
given ground station, and airborne unit should be predictable
and could be removed from the data. Determination of this
error is predicated on range measurement of multiple DME
stations by the aircraft. A small dynamic error occurs with
the data collection system since the measurement time may
be in error by the update period (approximately 0.05 sec).

In the implementation discussed here, an error due to signal
loss is possible. Time difference information can continue
up to 10 seconds after signal loss as mentioned previously.
With the present scheme of sequencing stations every 2
seconds, the memory circuit is only partially charged, and

it is unlikely that a memory generated signal will be obiained.
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