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Institute of Applied Geophysics, Ac.Sc. USSR during the First
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Ye.V. Pyaskovskaya-Fesenknva - Investigation of the Scatterin
fhe Farth's Atmosphéere (Issledovaniye rasseyanlya

.
@%b éﬁJ sve%a v Zemnoy atmosfere) - Doctor dissertation. Opponents:
STATES OF g

Doctor of Physico-Mathematical Sciences Ye.S. Kuznetsov,
Doctor of Physico-Mathematical Sciences S.M. Polozkov, Doctor
of Physico-uathematical Sciences G.B. Rozenberg, Doctor of
Physico-Mathematical Sciences I.S. Shklovskiy. March 2%, 195%7.
The dissertation represents the result of meny years of study
of the clear, daytime sky. The observations were carried out
in twelve locations at various altitudes above the sea,
various climatic, meteorological and synoptic conditioms. The
observations were carried out mainly during high-transparency
of the atmosphere in the visual rage of the spectrum in the
absence of asnow cover. In the investigations ' two instru-
ments, designed by V.G. Fesenkov were used; one of these was &
visual photometer of the daytime sky intended for measuring

the brightness of the firmament; the other was a photo-
card6/21 electric halo photometer foT determining the brightness from
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near-sun halo and also from the sun oa @ surface perpendicular
To these rays. The dissertation contains a certaln formula

of the brightness of the sky, taking into consideration only
the brightness of the first order and derived on the assumption
of a "flat" Earth ahd giving some conclusions derived on the
Dasis of this formula. For a certain coefficient of trans-
parency of the atmosphere, the brightness of the sky at any
point is represented by derivation of two functions of which
one is the function eof the diffusion of light and the other is a
function of the zenith distances of .the sun and of the observed
point of the sky- Op changing of the zenith distances of the
sun z from 90 to O, the brightness of the sky on the
almucantar of the sun increases first reaching a maximum for

a certain value of 2 ,and then decreases. A metbod is also
proposed of determining the brightness of the clear daylight
sky at any point based on measuring the brightness along the
almucantar of the sun and of 5-6 points of the firmament located
+ various zenith distances. This method permits determination

Card?fzﬁ
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Introduction

Effective military or law-enforcement applications of high-power mi-
crowave (HPM) systems in which the HPM system and the target system
are on or near the ground or water require that the microwave power den-
sity on target be maximized. The power density at the target for a given
source will depend on the destructive and constructive scattering of the
fields as they propagate to the target. Antenna design for an HPM sys-
tem includes addressing the following questions about field polarization:
Should the fields the transmitting antenna produces be vertically, hori-
zontally, or circularly polarized? Which polarization maximizes the power
density on target? (The question of which polarization best couples to the
target is beyond the scope of this report.) While this report does not com-
pletely answer these questions, it addresses the interaction of the radiated
electromagnetic fields with earth ground. It is assumed that the transmit-
ting antenna and the target (or receiver) are located above, but near the
surface of a flat idealized earth (constant permittivity, ¢, and conductivity,
o) ground. First an ideal vertical dipole (oriented along the z-axis perpen-
dicular to the ground plane) is addressed. The horizontal dipole (parallel

to the ground plane) follows. Dok #2: Seite 7 von 35
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Figure 6. Comparison of (a)
principal fields from an
ideal dipole oriented
perpendicular and
horizontal to a
homogeneous flat earth.
In each case, dipole is
placed 2 m above
ground plane and
observer or target is
1000 m down range:

(a) sea water, (b) wet
earth, (c) dry earth,

(d) lake water, and (©)
(e) dry sand.

Observer height (m)

oY

SIGMA = 4 S/m, EPSREL = 80
dipole height = 2 m, frequency = 1.3 GHz
2.5 range = 1000 m

2
1.5
1
0.5 Horizontal E-field, horizontal dipole
z-directed E-field, vertical dipole
0
0 1 2 3 4 5 6 7

Normalized field magnitude (V/m) x 1073

SIGMA = 0.04 S/m, EPSREL= 8
dipole height = 2 m, frequency = 1.3 GHz
2.5 range = 1000 m
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% This m-file plots the fields over a conductive flat earth produced by an ideal
% dipole placed a distance d above the earth. It compares the results from

} a vertical and horizontal dipole.

% Establish the problem conditions

% EPSREL- Relative dielectric constant; SIGHA- Earth conductivity (S/m)
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Figure 1. The radiation and energy budget close to the ground (illustrated by
F.V. Hansen, 1993). Dok #3: Seite 10 von 31
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3.2 Approximation of Short Range Acoustic Attenuation

To briefly examine short range acoustic attenuation at night, we use the low atmosphere profiles
of wind speed, temperature, and relative humidity (shown before) as input to a flat earth, non-
turbulent acoustic propagation model called the Windows (version) Scanning Fast Field Program
(WSCAFFIP). WSCAFFIP is a numerical code developed for assessing environmental effects on
short range acoustic attenuation (7,38). WSCAFFIP determines acoustic attenuation as relative
sound pressure loss with range and azimuth for a given frequency and source-to-receiver geometry.
WSCAFFIP contains propagation algorithms to represent the effects of atmospheric refraction,
diffraction, absorption, and reflection (ground impedance) on acoustic transmission. Table 3 lists
the model parameters for an initial approximation of short range acoustic attenuation over an open
grass-covered (2 = 0.5 m) field. Figures 4 and 5 show the WSCAFFIP results corresponding to the
modeled profiles of effective sound speed generated by the alternate (quartic) model.

Dok #3: Seite 16 von 31



Regierung gibt Flache Erde zu: Dok #4

ARMY REesearcH LABORATORY
%%iq- \ %
IIE 7 /

' x+ 4/4»\\\} a4

d R w3 Computationally Efficient Algorithms for Estimating the
Angle of Arrival of Helicopters Using Acoustic Arrays

by Geoffrey Goldman

-8
ARL-TR-4998 September

2009




| »

\ )

),
s

3.3 Multipath Model

Figure 6 illustrates a simple model for multipath, which is a based upon the signal having a
single bounce on a flat Earth with propagation that is described by ray tracing for signals in the
far-field. The microphone is at a height H above the ground, and a complex reflection
coefficient that is potentially frequency dependent is given by 2(@), which can be approximated
using empirical data. The signal propagating along the direct and indirect path sum to generate
the signal measured at the microphone.
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To briefly examine short range acoustic attenuation at night, we use the low atmosphere profiles
of wind speed, temperature, and relative humidity (shown before) as input to a flat earth, non-
turbulent acoustic propagation model called the Windows (version) Scanning Fast Field Program
(WSCAFFIP). WSCAFFIP 1s a numerical code developed for assessing environmental effects on
short range acoustic attenuation (7,38). WSCAFFIP determines acoustic attenuation as relative
sound pressure loss with range and azimuth for a given frequency and source-to-receiver geometry.
WSCAFFIP contains propagation algorithms to represent the effects of atmospheric refraction,
diffraction, absorption, and reflection (ground impedance) on acoustic transmission. Table 3 lists
the model parameters for an initial approximation of short range acoustic attenuation over an open
grass-covered (A = (0.5 m) field. Figures 4 and 5 show the WSCAFFIP results corresponding to the
modeled profiles of effective sound speed generated by the alternate (quartic) model.
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microphone array. The characteristics of the data collected on the elevated microphone changed
during the time interval from 0-250 to 250420 s. The normalized power of the signal was
smaller compared to the lower microphones and the propagation of the signal from the helicopter
looked more dispersive during the 0-250 s time interval. The underlying phenomenology for
this behavior is still being investigated.

To improve the elevation angle estimate, a multipath model was incorporated into the
beamforming algorithm. The algorithm assumed multipath could be modeled with a single
bounce, a constant reflection coefficient, straight line propagation, a flat Earth, and incident
angles that were not near grazing. This algorithm did not work well. A more detailed analysis is
needed to understand its deficiencies.
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2. Projectile Flight Dynamics

A 6-DOF rigid projectile model is employed to predict the dynamics of a projectile in flight.
These equations assume a flat Earth. The 6-DOF comprises the three translational components
describing the position of the projectile’s center of mass and the three Euler angles describing the
orientation of the projectile with respect to the Earth. Figures 1 and 2 provide a visualization of
the degrees of freedom.
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2. Projectile Flight Dynamic Model With a Liquid Payload

A typical 6-DOF rigid projectile model is employed to predict the dynamics of a projectile in
flight. These equations assume a flat Earth. The well-known 6-DOF states comprise the three
translational components describing the position of the projectile’s center of mass and the three

Euler angles describing the orientation of the projectile with respect to the Earth. Figures 1 and 2
provide a visualization of the degrees of freedom.
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INTRODUCTION

The need for linear models of aircraft for the analysis of vehicle dynamics and control law design is well
known. These models are widely used, not only for computer applications but also for quick approximations
and desk calculations. Whereas the use of these models is well understood and well documented, their
derivation is not. The lack of documentation and, occasionally, understanding of the derivation of linear
models is a hindrance to communication, training, and application.

This report details the development of the linear model of a rigid aircraft of constant mass, flying over a

flat, nonrotating earth. ©Lhis model consists of a state equation and an observation (or measurement) equa-
tion. The system equations have been broadly formulated to accommodate a wide variety of applications.
The linear state equation is derived from the nonlinear six-degree-of-freedom equations of motion. The
linear observation equation is derived from a collection of nonlinear equations representing state variables,
time derivatives of state variables, control inputs, and flightpath, air data, and other parameters. The lincar
model is developed about a nominal trajectory that is general.

Whereas it is common to assume symmetric aerodynamics and mass distribution, or a straight and level
trajectory, or both (Clancy, 1975; Dommasch and others, 1967; Etkin, 1972; McRuer and others, 1973;
Northrop Aircraft, 1952; Thelander, 1965), these assumptions limit the generality of the linear model. The
principal contribution of this report is a solution of the general problem of deriving a linear model of a rigid
aircraft without making these simplifying assumptions. By defining the initial conditions (of the nominal

trajectory) for straight and level flight and setting the asymmetric aerodynamic and inertia terms to zero,

one can easily obtain the more traditional linear models from the linear model derived in this report.

Dok #7: Seite 6 von 102



3 CONCLUDING REMARKS

This report derives and defines a set of linearized system matrices for a , rigid aircraft of constant mass, flying
in a stationary atmosphere over a flat, nonrotating earth. Both generalized and standard linear system
equations are derived from nonlinear six-degree-of-freedom equations of motion and a large collection of
nonlinear observation (measurement) equations.

This derivation of a linear model is general and makes no assumptions on either the reference (nominal)
trajectory about which the model is linearized or the symmetry of the vehicle mass and aerodynamic
properties.

Ames Research Center

Dryden Flight Research Facility

National Aeronautics and Space Administration
Edwards, California, January 8, 1987
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D.2 Evaluation of the Derivatives of the Time Derivatives
of the State Variables

The generalized derivatives of the time derivatives of the state variables are defined in appendix C, equa-
tions (C-1) to (C-15). In this section, these generalized derivatives are evaluated in terms of the stability
and control derivatives, primative terms, and the state, time derivative of state, and control variables. In
this section, the notation 9(x;)/0dz; is used to represent the more correct notation 9 f;/dz; that is employed
in the discussion at the beginning of section 3. This notation is used because there is no convenient no-
tation available to express these quantities clearly—particularly not the usual notation employed in flight
mechanics texts such as Etkin (1972) and McRuer and others (1973). The notation that defines quantities
such as L, = d(p)/dp and M, = 9(q)/dq is misleading in this context because the definitions of those terms
(such as L,, M,) are based on assumptions of symmetric mass distributions, symmetric aerodynamics, and
straight and level ﬁight, and additionally do not include derivatives with respect to atmospheric quantities.
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16. Abstract

This report documents the derivation and definition of a linear aircraft model for a rigid aircraft of constant
mass flying over a flat, nonrotating earth. The derivation makes no assumptions of reference trajectory or

velicle symmetry. The linear system equations are derived and evaluated along a general trajectory and
include both aircraft dynamics and observation variables.
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Aircraft

Barton J. Bacon™ and Irene M. Gregory'
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There is a renewed interest in dynamic characteristics of damaged aircraft both in order
to assess survivability and to develop control laws to enhance survivability. This paper
presents a set of flight dynamics equations of motion for a rigid body not necessarily
referenced to the body’s center of mass. Such equations can be used when the body loses a
portion of its mass and it is desired to track the motion of the body’s previous center of
mass/reference frame now that the mass center has moved to a new position. Furthermore,
results for equations presented in this paper and equations in standard aircraft simulations
are compared for a scenario involving a generic transport aircraft configuration subject to
wing damage.




II. Rigid Body Equations of Motion Referenced to an Arbitrary Fixed Point on the Body

There are several approaches that can be used to develop the general equations of motion. The one selected here
starts with Newton’s laws applied to a collection of particles defining the rigid body (any number of dynamics or
physics books can serve as references, e.g. reference 2). In this paper, the rigid body equations of motion over a flat
non-rotating earth are developed that are not necessarily referenced to the body’s center of mass. Such equations
will be used in the next section when the body loses a portion of its mass and it is desired to track the motion of the
body’s previous center of mass/reference frame now that the mass center has moved to a new position

Dok #8: Seite 2 von 13
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Lockheed SR-71 Blackbird / Top speed

2,193 mph

The DPS equations of motion use four assumptions that simplify
the program while maintaining its fidelity for most maneuvers and
applications: point-mass modeling, nonturbulent atmosphere, zero
side forces, and a nonrotating Earth. The primary advantages of us-
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2 Equations of Motion

2.1 Reference Frames

Assuming a flat, non-rotating Earth, an inertial reference frame N is defined with the i, axis
aligned with east, the 7, axis aligned with north, and the 3 axis pointing up from the Earth.
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THE UNIVERSITY OF

KANSAS

Problem Statement

The example problem is a fixed-time problem in which it is required to determine
the thrust-attitude program of a single-stage rocket vehicle starting from rest and going
to specified terminal conditions of altitude and vertical velocity which will maximize the
final horizontal velocity. The idealizing assumptions made are the following:

(1) A point-mass vehicle

(2) A flat, nonrotating earth

(3) A constant-gravity field, g = 9.8 m/sec2 (32.2 ft/sec2)

(4) Constant thrust and mass-loss rate

(5) A nonlifting body in a nonvarying atmosphere with a constant drag parameter

Kp = %pCDS, where S is the frontal surface area.
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A trajectory simulation incorporating the above requirements is
presented in reference 8. In addition to the above requirements, this
simulation assumes a vehicle with six degrees of freedom and aerodynamic
symmetry in roll and the missile position in space is computed relative
to a flat nonrotating earth. This trajectory simulation was programmed
on the ITBM 704 electronic data processing machine and is the basis for
all trajectory computations made in this paper.
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4| ! Xg
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g

g | | i
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Within the program, the nonlinear equations of motion include 12 states repre-

senting a rigid aircraft flying in a stationary atmosphere over a flat nonrotating
earth. Thus, the state vector x is computed internally as
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SUMMARY

An interactive FORTRAN program that provides the user with a powerful and flex-
ible tool for the linearization of aircraft aerodynamic models is documented in this
report. The program LINEAR numerically determines a linear system model using non-
linear equations of motion and a user-supplied linear or nonlinear aerodynamic model.
The nonlinear eguations of motion used are six-degree-of-freedom egquations with sta-
tionary atmosphere and flat, nonrotating earth assumptions. The system model deter-
nined by LINEAR consists of matrices for both the state and observation equations.
r'he program has been designed to allow easy selection and definition of the state,
control, and observation variables to be used in a particular model.
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An interactive FORTRAN program that provides the user with a powerful and flex-
ible tool for the linearization of aircraft aerodynamic models is documented in
this report. The program LINEAR numerically determines a linear system model using
nonlinear equations of motion and a user-supplied linear or nonlinear aerodynamic
model. The nonlinear equations of motion used are six-degree-of-freedom equations
with stationary atmosphere and flat, nonrotating earth assumptions. The system
model determined by LINEAR consists of matrices for both the state and observation
equations. The program has been designed to allow easy selection and definition of
the state, control, and observation variables to be used in a particular model.
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Equations for angles of attack and sideslip relative to both a rolling and nonrolling body
axis system are derived for a flight vehicle for which radar and gyroscopic-attitude data are
The method is limited, however, to application where a flat, nonrotating earth may
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flattening (ellipticity) is
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” Equations of Motion and A tmospheric Model

The nonlinear equations of motion used in this model are
general six-degree-of-freedom equations representing the
flight dynamics of a rigid aircraft flying in a stationary at-

mosphere over a flat, nonrotating Earth. These equations of
motion were derived by Etkin, and the derivation is detailed
in Duke, Antoniewicz, and Krambeer. The cquations for
each variable in the state vector are given in the following.
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AIRCRAFT LANDING MODEL

Equations of Motion

The two-dimensional model for aircraft motion presented in this
section follows the general form developed by Frost [12]. It accounts
for both vertical and horizontal mean wind components having both time
and spatial variations.

The aircraft trajectory model employed in this study was derived
based on the following assumptions:

a) The earth is flat and non-rotating.

Dok #18: Seite 14 von 93
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Equations of Motion

The helicopter equations of motion are given in body axes with respect to
a flat, nonrotating Earth. The helicopter is considered a rigid body with
mass symmetry about the X, - zp plane. The effects due to the engine augular
momentum are neglected.
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A general set of nonlinear, rigid-body equations of motion for both the
helicopter and external load determines the motion of each vehicle with respect
to a flat, nonrotating Earth. An algorithm determines the trimmed helicopter

control positions, helicopter attitude, and load position and attitude so that
the entire dynamic system is in unaccelerated flight for a specified initial
flight condition. Another algorithm obtains the equivalent linear system from

the nonlinear model once the helicopter is trimmed; the linear system is used
for verification and validation only.
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Equations of Motion

The equations of motion for both the helicopter and the external sling
load are developed in body axes with respect to a flat, nonrotating Earth. It
is assumed for convenience that each body is rigid and that the x,-z, plane
and the x9-z¢ plane are planes of mass symmetry and that gyroscopic effects
of engines are negligible. The equations of motion for the helicopter are
developed first.
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The 7.3-m by 18.3-m terrain model board of the VLDS includes two airports
and surrounding terrain, one at 750/1 scale and the other at 1500/1 scale, and
is shown in figure 22. There are a total of five paved runways, from 0.6 km
to 3.5 km in length. A helipad is located on the 750/1 airport and is shown
in figure 23. It consists of a Maltese cross with a 45~m by 45-m border. The
terrain is generally flat, and provision is made for variable visibility,

variable cloud-base heights, and day, dusk, and night scenes.
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A model frequently used is that of a flat, nonrotating earth. The tempera-

U.S. AIR FORCE

ture is assumed either to be constant,to increase or decrease monotonically with
altitude, or to be stratified. Gravity is usually considered to be constant.
Density and pressure are usually considered to vary exponentially with altitude.

The most one can profitably simplify the problem is to consider an isothermal

atmosphere, plane level surfaces, and a nonrotating earth. This case has been

handled by Eckart [1960], Lamb [1932], and Hines [1960]. The simplification is
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Equations of Motion

The aircraft equations of motion used in the PID analysis are derived from a general system of nine
coupled, nonlinear differential equations that describe the aircraft motion (ref. 4). These equations
assume a rigid vehicle and a flat, nonrotating Earth. The time rate of change of mass and inertia is
assumed negligible. The SR-71 configurations studied herein, like most aircraft, are basically symmetric
about the vertical-centerline plane. This symmetry is used, along with small angle approximations, to
separate the equations of motion into two largely independent sets describing the longitudinal and
lateral-directional motions of the aircraft. The equations of motion are written in body axes referenced to
the CG and include both state and response equations. The applicable equations of motion are as follows
for the longitudinal and lateral-directional axes:
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represent the kinematies of a rigid body for
describing motion over a flat, nonrotating Earth.

In the SMACK formulation, the state model consists

of Euler angles and position variables and their
derivatives. When flightpath winds are to be iden-
tified, the state model is augmented by wind veloc-
ities and accelerations. The measurement model
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Regierung gibt Flache Erde zu: Dok #24

& https:/intrs.nasa.gov/search.jsp?R=20060053337 2019-07-03T19:38:04+00:00Z

Source of Acquisition
NASA Ames Research Center

Singular Arc Time-Optimal Climb Trajectory of Aircraft in a
Two-Dimensional Wind Field

Nhan Nguyen*
NASA Ames Research Center, Moffett Field, CA 94035

This paper presents a study of a minimum timé-to-climb trajectory analysis for aircraft flying in a two-
dimensional altitude dependent wind field. The time optimal control problem possesses a singular control
structure when the lift coefficient is taken as a control variable. A singular arc analysis is performed to obtain
an optimal control solution on the singular arc. Using a time-scale separation with the flight path angle treated
as a fast state, the dimensionality of the optimal control solution is reduced by eliminating the lift coefficient
control. A further singnlar arc analysis is used to decompose the original optimal control solution into the flight
path angle solution and a trajectory solution as a function of the airspeed and altitude. The optimal control
solutions for the initial and final climb segments are computed using a shooting method with known starting
values on the singular arc. The numerical results of the shooting method show that the optimal flight path
angle on the initial and final climb segments are constant. The analvtical anoroach provides a rapid means for
analvzing a time optimal traiectorv for aircraft performance.




If. Singular Arc Optimai Control

In our minimum time-to-climb problem, the aircraft is modeled as a point mass and the flight trajectory is strictly
confined in a vertical plane on a non-rotating, flat earth. The change in mass of the aircraft is neglected and the engine
hrust vector is assumed to point in the direction of the aircraft velocity vector. In addition, the aircraft is assumed to
fly in an atmospheric wind field comprising of both horizontal and vertical components that are altitude-dependent.
e horizontal wind component normally comprises a longitudinal and lateral component. We assume that the aircraft
motion is symmetric so that the lateral wind component is not included. Thus, the pertinent equations of motion for

e problem are defined in its the state variable form as
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mapping functions. Two are rough approaches, namely a simple plane troposphere (assuming a flat
Earth) and the straight “line of sight” through the spherical troposphere shell [14]. While these two
functions result in too large or too small values, respectively, we use for the path length computatlon the
mapping function as reported by Niell (equation 4 in [15]). The results for all three mapping functions for
different elevation angles at a fixed troposphere height (11 km) is shown in Fig. 6 (right).
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amounts of tolerance. For example, in some scenarios, it is assumed that the
range is known to within one meter from a laser range finder or a digital
map. In other scenarios, only the range to the center of the field of view and
the depression angle is known, so that a flat-earth approximation provides
the best estimate. Many algorithms, both model-based and learning-based,
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13. ABSTRACT (Maximum 200 words)
The Scanning Fast-Field Program (SCAFFIP) is an atmospheric acoustic propagation model that
incorporates many of the effects of the environment on the sound field such as geometrical spreading,
\ refraction, diffraction, molecular absorption, and complex ground impedance. SCAFFIP provides the user
| | 4 } with the attenuation levels with range and frequency for a given geometry and meteorological profile. The
\ = < I""" v‘ 28I mctcorological profile and geometry provides the model with the ability to calculate the sound speed profile.
& ﬂ//‘\\‘b 4] y/ The geometry profile is required because of the angular dependence of the sound speed on the wind direction
: ; relative to the direction of propagation. This model works over a flat earth and non-turbulent atmosphere.
Even with these restrictions, the model performs very well for many scenarios. The model contains a user-
friendly interface that requires a minimum amount of information to run the model, yet there are flags that
can be set to obtain more detailed information.
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Multipath Measurements

We made multipath measurements to provide confidence in the data and
to get an idea of how well our measurements of the clearing represented
an ideal flat earth. We measured the path loss at a range of 410 m with the

Dok #28: Seite 8 von 49
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and with loss over the earth, in decibels, given by equation (2) (theory).
Equation (2) assumes a flat, lossless, and perfectly reflecting ground. The
measured data in figure 11 are for a transmit height of 22 m, a receive
height of 5 m, and for HH polarization. Agreement within about 5 dB is
obtained between theory and measurements. The difference between the
theory for propagation over flat earth given by equation (2) and the
measurements is because the measurements were made on an irregular
lossy ground with obstacles on both sides.
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the local trees and brush can cause such variations. After the data were
inspected, it became apparent that they tended to agree with the theory
given by equation (2), plus some fixed attenuation, and therefore allowed
us to develop an analytical expression based on flat earth theory. This

fixed attenuation is independent of range but varies with frequency.
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the results generated by the model are shown as curves. Figure 15 plots
propagation loss data in decibels for selected antenna heights as a func-
tion of range (transmit height of 22 m and receive height of 2.7 m). The
data in figure 15 compare loss over flat earth (theory) given by equation
(2) in section 4.1 and the analytical model given in equation (4). The
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Figure 15 (cont’d).
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The measurements we made in the clearing area agreed with theory to
within about 5 dB, and the deviations are largely because the clearing was
not perfectly flat nor without obstacles. Because HH polarization clearly
gave the best penetration through woods, all the following conclusions
are based on HH polarization only. The propagation loss through woods
tends to agree with the theory plus a fixed attenuation; therefore, we
developed an analytical expression by adding an attenuation to the
theory of loss over flat earth. The resultant expression for determining the
propagation loss in decibels is given by

(4?1%’1" )2 (%) ]+ 10log (f4)-108 , (9

Lp=-10log
where

h, = receive antenna height,
h; = transmit antenna height,
R = range,

A = wavelength, and

f = frequency in megahertz.

The first part of the above expression is the predicted path loss over flat
earth [6]; the second part is the fixed attenuation caused by woods at a
given frequency. This equation models the propagation loss through the
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In most ¢f the topics to be discussed the problem is to describs
the sound field in a region of atmosphere above a flat earth. More
gpecifically, the chosen aim is to state the sound pressure p at any
point P due to a source, whose pertinent properties are assumed known,
localized near another point Q. Unless otherwise stated, it will be
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2.1 Coordinate Systems

The motion of an object is usually described by rigid body equations of motion derived from
Newton’s laws (29). This section summarizes and notates three kinds of coordinate systems.
The first is the Earth-fixed coordinate system, which is fixed to the Earth with a flat Earth
assumption. Denote X, Y, and Z as the unit vectors pointing in the directions of the X, Y, and Z
axes, respectively. Without loss of generality, the X, Y, and Z axes point to forward, right, and
down, respectively. The second is the body-fixed coordinate system, with three unit vectors X,

Xo

-

9 - Ly
0

\’h
b X
v i
- v
v
Z
Y
Figure 1. Earth- and body-fixed coordinate systems and Dok #30: Seite 11 von 38
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of tolerance. For example, in some scenarios, it is assumed that the range i1s known to within a
meter from a laser range finder or a digital map. In other scenarios, only the range to the center
of the field-of-view and the depression angle is known so that a flat earth approximation
provides the best estimate. Many algorithms, both model-based and learning-based, either
require accurate range information or compensate for inaccurate information by attempting to
detect targets at a number of different ranges within the tolerance of the range. Because many
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W couisiic Sensor Integration System (BASIS) and the BASE. BASE will be
a versatile Unix-based acoustic decision aid the first version of which is
under development and will be available by the end of FY00. The
geometry profile is required because of the angular dependence of the
sound speed; that is, the wind direction is related to the direction of

1_1{_,\_1,\ '

propagation. This model works well over a flat-earth and a non-

turbulent atmosphere. In the near future this model will be added to the
EOSAEL.
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Telemetry Standards, RCC Standard 106-17 Chapter 2, July 2017

Although the equations for the two-ray model can be rather daunting, in its simplest form,
one uses flat-earth trigonometry to compute the difference in path lengths between the direct and
reflected signals. This depends on the horizontal distance d, the altitude of the aircraft 4, and the
height above ground of the AMT receive antenna, 4,. Using trigonometry and assuming that the
signal is reflected from the ground and/or sea with a reflection coefficient of magnitude 1, the
aircraft altitudes and locations can be computed for which positive and negative signal
reinforcement due to multipath occur. When the direct path and the reflected path differ by an
even number of signal half-wavelengths A/2, signal reinforcement occurs. When they differ by
an odd number of half-wavelengths, deep fades occur.
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sion, aerodynamics, masses, gravity, and the atmosphere. A small expansion

parameter, the ratio of the atmospheric scale height to the radius of the Earth,

is then used to separate the dynamics into the primary and perturbation ef-

P fects. Lastly, the equations of motion for the zeroth-order problem of flight in
..-'. Qg- 2 }F{ — Q ",
T = NSNS a vacuum over a flat Earth arc presented.
< TN "_"",‘ "=
HE == == : _ ’
0 e = o} The Advanced Launch System (ALS) is designed to be an all-weather,
i 2 LIGHT// > §
\¥ ¢ . : . :
o Sene ot .-3".,.-' unmanned, two-stage launch vehicle for placing medium payloads into a low
P UCL PO
Earth orbit. The spacecraft (fig. 3.1) consists of a liquid rocket booster with
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3.6.1 Two-Dimensional Flight

In this section the three-dimensional equations of motion are reduced

for flight in a great-circle plane (the X-Z plane) over a flat, nonrotating Earth.

1Yo [f the vehicle is assumed to be restricted to fly in the equatorial plane then
PO DN
_3@?' 258 0;"-.. the lift, thrust, and velocity vectors all lic in the same plane and the roll angle
1= —= NG\
i §¢ :—_-;: = ;‘? (2 = 0) is eliminated from the equations. Under the previously mentioned
“-';\,( ‘*‘*@; :‘GHTA.;?:.-"' assumptions of no side force (Q = 0) and no sideslip (3 = 0), the zeroth-order
.o.. 5 RE® < ..o'
oA UCL P\ equations of motion representing flight in a vacuum over a flat Earth become
h = Vsiny (3.24)
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structure. This structure, with both flat- and oblate-Earth
versions, has successfully supported more than 50
different aircraft. The software 1s used in batch-mode,
real-time pilot-in-the-loop, and flight hardware-in-the-
loop operation.
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In most cases, flat-Earth six-degree-of-freedom
equations of motion are used. Oblate-Earth equations of
motion were developed for the space shuttle simulation
and later used in the NASP and follow-on simulation
studies. The flat- and oblate-Earth equations of motion
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SIMULATOR AERO MODEL IMPLEMENTATION
Thomas S. Alderete’

SUMMARY

A general discussion of the type of mathematical model used in a real-time, flight
simulation is presented. It is recommended that the approach to math model development
include modularity and standardization as modification and maintenance of the model
will be much more efficient with this approach. The general equations of motion for an
aircraft are developed in a form best suited to real time simulation. Models for a few
helicopter subsystems are discussed in terms of general approaches that are commonly
taken in today's simulations.

INTRODUCTION

This chapter is intended to provide the reader with a understanding of the type of
mathematical model used in a real-time flight simulation. A flight simulation system is



Transformation of Translational Equations to an Inertial Frame. For the flat, non-
rotating earth considered here, any fixed frame of reference can be employed as an
inertial frame. The three forces acting on the aircraft center of gravity in the body axis
system are rotated back through the Euler angles to the local frame and translated back to

some convenient origin.
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Abstract. The design requirement for flight visual simulation system 1is
studied, and the overall structure and development process are proposed in
this paper. Through the construction of 3D scene model library and aircraft
model, the rendering and interaction of visual scene are implemented. The
changes of aircraft flight attitude in visual system are controlled by real-time
calculation of aircraft aerodynamic and dynamic equations and flight simulation
effect is enhanced by this kind of control. Several key techniques for optimizing
3D model and relative methods for large terrain modeling are explored for
improving loading ability and rendering speed of the system. Experiment shows
that, with specific function and performance guaranteed as a premise, the
system achieves expected results, that 1s, precise real-time calculation of flight
attitude and smooth realistic screen effect.



Mathematical Modeling of Flight Simulation

The aircraft flight motion simulation, as an important part of FVSS, directly affects
the reliability and authenticity of the system. Flight motion simulation effect can be
greatly improved by relative mathematical models of aircraft flight dynamics. In this
paper, the FVSS is based on two assumptions:

a. Flight area is the space above ground level where the rotation of earth and the
curvy motion of mass center of earth are neglected.

b. Aircraft 1s an 1deal rigid body and influence from aircraft body elastic
deformation and rotating parts are not considered [3].
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Flat-Earth Coordinates. In many flight simulators, global navigation is
not important. For example, the range of flight could be limited to a small
area, or the simulator might not care about the airplane’s location.

In such cases, it is appropriate to model the Earth as a plane half-space
rather than an oblate spheroid. Then, the simulator need not worry about
how the local horizontal plane changes as the airplane flies around the
Earth. This simplifies the bookkeeping in the simulator considerably.

The flat-Earth coordinate system is a Cartesian system, which originates
at the surface. The z-axis points vertically down, the z-axis points north,
and the y-axis points east.
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Distance by vertical angle between the waterline
and the top of an object is computed by solving the
right triangle formed between the observer, the top of
the object, and the waterline of the object by simple

there 1s no refraction, and the ob_ject and 1ts waterline
form a right angle. For most cases of practical signifi-

cance, these assumptions produce no Taxg€ errors.
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Earth

Acceleration due to gravity (standard) _ _ _ _ =980.665 centimeters per second per second
= 32.1740 feet per second per second

Mass-ratio—Sun/Earth _ _ _ _ _ _ _ _ _ _ =332 958

Mass-ratio—Sun/(Earth & Moon) _ _ _ _ _ _ =323.912

Mass-ratio— Earth/ Moon _~ =a1.30

Mean density _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 5.517 grams per cubic centimeter

Velocity of escape _ _ _ _ _ _ _ _ _ _ _ _ = 6.94 statute miles per second
Curvature of surface = (.8 foot per nautical mile
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backshore, n. That part of a beach which 1s usually dry, being reached
only by the highest tides, and by extension, a narrow strip of rela-
tively flat coast bordering the sea. See also FORESHORE.
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line of sight. The straight line between two points, which does not follow
the curvature of the earth.
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What is the definition of “sea level”?

¢ sea lev-el

/'sé leval/

noun

the level of the sea's surface, used in reckoning the height of geographical features such as hills and
as a barometric standard.
"it is only 500 feet above sea level"




What is the definition of “level”?

o |ev-el

/'leval/

noun

1. a horizontal plane or line with respect to the distance above or below a given point.

2. aposition on a real or imaginary scale of amount, quantity, extent, or quality.
"a high level of unemployment”
synonyms: quantity, amount, extent, measure, degree, volume, size; More

adjective

1. bhaving a flat and even surface without slopes or bumps.
‘we had reached level ground”
synonyms: flat, smooth, even, uniform, plane, flush, plumb, regular, true; More

2. atthe same height as someone or something else.
"his eyes were level with hers"

synonyms: aligned, on the same level as, on a level, at the same height as, in line, balanced; More
verb

1. give a flat and even surface to.
“contractors started leveling the ground for the new power station"
synonyms: make level, level out, level off, make even, even off, even out, make flat, flatten, smooth,
smooth out, plane, make uniform, make regular, regularize; More

2. begin to fly horizontally after climbing or diving.



The phrase "rotation of the earth" is cited 3 times between pages 22 and 34,
however, an equation based on a “theory” (particle theory) is not a proof for
“rotation of the earth”. For each of the 3 variables for the “rotation of the
earth” in the theoretical equation the number zero (0) can be plugged in

w ;‘ | without negatively impacting the entirety of the equation.

A |

" somaV ama —— e -
The acccleoraticns, velpoitiss and poeltione nescessere to

g§. Compensation for Rotation of Earth. The final computations

describe the particle theory are referenced to a ground-fixed, right to be made in preparation for determining the ballistic coefficient are

. h ed in th
W SN syt The aususion b worte stish wre ve N those to determine the coefficients used in the equations of motion to

machine reduction of the firing data ave:
compensate for the rotation of the earth.

pVKE

"'—Tn(i""x)""x hlnzﬁco'Llinn
pVE_ | A, =20 einlL
je-—2L y-g+ a .
nt‘.: L'-Znuoobcolu
Lex ':cb (B-W)+s, where, R = angular velocity of the earth in radians/second
where the dots indicate differentiation with respact to time, 20 = ,0001458424
%, ¥ and z = distances along the x, y and z axes, L = latitude
p = air density as & function of height, a = azimuth of line of fire, measured clockwise
from North
V = velocity,

In the aquations of motions given on page 21:
Ib = drag coefficient,

C = ballistic coefficient, fx ™ A! Y
"x = range wind = ‘l s
¥, = cross wind "-ll !-13,

Page 34
g = acceleration dua to gravity

and L ay and a, are accelerations due to the rotation of the

__""h‘ Page 22
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B . conaV ama ——— wrem T s .
Twe accilerations, welecitios and poeitions necessery to

describe the particle theory are referenced to a ground-fixed, right
SRR

hand, coordinate system. The equations of motion which ere used in the

machine reduction of the firing data ave:

s b AR Y MATIRREL COMMAND

BALLISTIC RESEARCH LABORATORIES *
., MATTLAND .

AMETEEN MDING GROUMD, Dv‘

l--_cn (i-'li")-r.‘

" L D =
[ p— - +
y C Y-8 ',

(]
;.-.L:E (2- W) +a,

where the dots indicate differentiation with respect to time,
X, ¥y and z = distances along the x, y and z axes,
p = air density as a function of height,
V = velocity,
'b = drag coefficient,
C = ballistic coefficient,
H‘ = range wind
W, = cross wind
§ = acceleration dua to gravity

and |=._ a, and a, are accelerations due to the rotation of the

| earth.
—

Page 22

The phrase "rotation of the earth" is cited 3 times between pages 22 and 34,
however, an equation based on a “theory” (particle theory) is not a proof for
“rotation of the earth”. For each of the 3 variables for the “rotation of the
earth” in the theoretical equation the number zero (0) can be plugged in
without negatively impacting the entirety of the equation.

g+ Compensation for Rotation of Earth. The final computations

to be made in preparation for determining the ballistic coefficient are
those to determine the coefficients used in the equations of motion to

compensate for the rotation of the earth.

A =2 {cos L sina
12 = 2@0einl
a'-znuo-tcolu
where, fi = angular valocity of the earth in radians/second
20 = 0001458424 ‘
L = latitude

a = agimuth of line of fire, measured clockwise
from North

In tha aguations of motions glven on page 21:
gy ¥
oo k

.'-A!."‘a i
A Page 34
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