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1 Project Overview

The Aircraft and Missiles division of The Boeing Company is a major producer of aviation electronics (avionics) systems. These systems include hundreds of processors, real-time networks, and millions of lines of software in systems that are critical to aircraft safety and mission objectives. An increasing percentage of the functionality of these systems is provided by software.

Executable flight software for these aircraft is referred to as Operational Flight Programs (OFP). Due to the criticality of these systems, and the tight coupling between OFP functionality and the physical world environment within which they execute, “real-time” operation is an important requirement. Real-time software is that software which must be able to guarantee timeliness properties. “Hard real-time” operation refers to cases where the software must meet a deadline to be of use. For instance, if not sending data to an aircraft engine by a certain deadline resulted in engine shutdown, sending it late does no good. This is a case where not only is the deadline “hard”, but the result could be catastrophic. In a less strict example, updating symbology on a display might look smoothest when displayed at 20 Hz, but updating the display at a lower rate is still of benefit.

These requirements have many ramifications. Hard real-time software is typically written to be highly deterministic, meaning the execution of the software is highly predictable and repeatable. Writing software that executes quickly is also an important design and coding criteria.

A key computer in avionics systems is the Mission Computer (MC). The MC’s general function is to provide the cockpit “user interface” for pilots and aircrew. It reads inputs from other avionics computers and subsystems (e.g. navigation sensors) and displays information to the pilot (e.g. where the aircraft currently is). It also monitors the switches and pushbuttons in the cockpit to command the avionics system according to the pilot’s requests (e.g. start up a new display, run diagnostics, turn on the radar).

The project will be to develop a portion of a mission computer OFP as shown in Figure 1. Boeing will provide a set of software that simulates the OFP environment, and portions of the OFP itself that are outside of the application functionality to be developed. The developed software will take in inputs from the Boeing supplied sensor software, perform calculations according to stated requirements, and send outputs to Boeing supplied display software. Boeing will provide sensor inputs that change according to inputs from a control device (e.g. joystick). The final system will result in a system that runs in a periodic fashion and dynamically updates displays similar to an aircraft flight simulator.

The portion of the software to be developed is determination and display of a bomb’s impact point based on current aircraft position and velocity.  Performance measurement (timing and memory) of the completed system to ensure satisfaction of real-time characteristics will be an important part of the project.
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Figure 1: Project Overview
2 Functionality Overview

There are several distinct elements of the OFP’s functionality:

1. Obtain target coordinates

2. Obtain current aircraft position and velocity

3. Transform target location to Head-Up Display (HUD) coordinates

4. Numerically integrate the trajectory of an unguided bomb from current aircraft position

5. Interpolate to obtain coordinates of the impact point

6. Transform the coordinates of the impact point to HUD coordinates 

7. Pass target and impact point coordinates to the HUD.

Each of these elements is further described in subsequent sections.

3 Detailed Requirements

3.1 Obtain Target Coordinates

The OFP shall read target NED coordinates from a file.

The user may enter desired coordinates in the file prior to program execution.

3.2 Obtain Current Aircraft Position and Velocity

Aircraft state data shall be obtained from comm_array.h, struct tgtout_record_type.  The relevant parameters are:

· xtgfe, ytgfe, ztgfe – NED position in feet

· tvn, tve, tvd – NED velocity in feet/second

The OFP shall obtain a new aircraft position and velocity at a minimum of 20 Hz.

3.3 Transform target location to HUD coordinates

1. Compute vector from aircraft to target, in NED coordinates.

PNED = BNED – ANED
where


ANED = Aircraft position vector


BNED = Target position vector

2. Convert the target vector to a unit vector, pNED.

pNED =  PNED / |PNED|

3. Compute NED to body transformation matrix.  See Figure 3.2-1 for aircraft body coordinate system.
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where


( = roll

( = pitch

( = yaw
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4. Transform target vector to body coordinates.

pbod = NEDTbod pNED
5. Transform target vector to HUD coordinates (Figure 3.2-2).


6. Compute x and y coordinates of display point

xHUD = -Kx * pHUD[1] / pHUD[3]

yHUD = -Ky * pHUD[2] / pHUD[3]

where

Kx = 400 / tan(40o)

Ky = 300 / tan(30o)

3.4 Numerically Integrate Trajectory

The OFP shall compute the impact point of a “dumb” (e.g., unguided) bomb, assuming that the bomb is released from the aircraft at the current instant, taking into account air resistance.  Since this cannot be solved analytically, a multi-step numerical integration scheme will be used.

The numerical integration method used shall be fourth-order Runge-Kutta.  Given a differential equation of the form dX/dt = f(X) and an initial condition X(t), Runge-Kutta will approximate X(t+(t) as follows:

X(t+(t) = X(t) + 1/6 (k0 + 2k1 + 2k2 + k3)

where

k0 = f[X(t)] (t

k1 = f[X(t) + ½ k0] (t

k2 = f[X(t) + ½ K1] (t

k3 = f[X(t) + k2] (t

For the trajectory calculation, the state vector, X(t), is a combination of the bomb’s velocity and position, in NED coordinates:


The initial condition for X is the current velocity and position of the aircraft.

The differential function is:

where

K = -D/mv

v2 = vn2 + ve2 + vd2
D = CDqS

q = ½ (v2

( = (0e-(h
(0 = 2.3769 x 10-3 slug/ft3
( = 3.2772 x 10-5 ft-1
g = 32.174 ft/sec2
D is the drag in pounds force (lbf); m is the mass of the bomb in slugs; v is the velocity of the bomb in ft/sec; CD is the dimensionless drag coefficient; q is the dynamic pressure in lbf / ft2; S is the reference area of the bomb in ft2; ( is local air density in slug/ft3; (0 is sea-level air density; ( is the density coefficient; h is the altitude in feet; and g is the acceleration of gravity.  Note that h = -pD.

Note that, when doing the Runge-Kutta integration, the value used for “X” depends on what you’re calculating.  For example, when computing k0, X = X(t); but when computing k1, X = X(t) + ½ k0.

The OFP shall read values of CD, m, and S from a configuration file.

The OFP shall utilize a value of (t such that both accuracy and performance requirements in paragraph 4.2 are met.

The OFP may approximate the above equations subject to the accuracy requirements in paragraph 4.2.

3.5 Interpolate Coordinates of impact point

The numerical integration specified in paragraph 3.4 shall proceed until the bomb’s altitude is less than the target’s altitude (i.e, pD is greater than the “down” coordinate of the target).  The OFP shall interpolate to determine the north and east coordinates at the target’s altitude from trajectory points bracketing the target’s altitude. The OFP may use any interpolation scheme that, in combination with the numerical integration of the trajectory, meets the accuracy requirements of paragraph 4.2.

3.6 Transform impact point to HUD coordinates

The OFP shall transform the impact point’s NED coordinates to HUD coordinates, using the algorithm of paragraph 3.3.

3.7 Pass target and impact point coordinates to the HUD

The OFP shall not display a point if the display point (target or impact point) is not on the HUD.  This will occur if XHUD or YHUD exceeds the display limits, or if the display point is behind the aircraft (ZHUD positive).

4 Additional Requirements

4.1 Operational Environment

· The tool shall operate on a Windows NT based workstation.

· Code shall be compiled and executed using Microsoft Visual C++, Version 6.

· Boeing shall supply object libraries for the aircraft simulation, the head-up display, all necessary header files, and shell implementation files.

· The Purdue OFP shall be linked with the aircraft simulation executable.  Boeing shall supply the necessary Visual C++ control files (workspace and project files) to effect the compilation and link.

· The Purdue OFP shall be implemented by filling the bodies of functions seniorProject and targetSetup.

4.2 Performance

· The OFP shall perform the computions required by paragraphs 3.2 through 3.7 in a maximum of 5 milliseconds.  The worst-case condition will be a drop from level flight with the following conditions:

Release altitude = 40,000 feet above a sea-level target

Release speed = 1,000 ft/sec

CD = 0.15

S = 1 ft2
m = 15 slugs

· Horizontal accuracy of the computed impact point shall be less than 1% of the aircraft altitude.  Accuracy will be determined by comparing the OFP’s computation to a computation implementing the equations exactly as specified in Section 3.4 using a time step of 0.1 s, and using linear interpolation to obtain the target coordinates.

· The OFP may adust the time step of the numerical integration to meet the timing performance requirement, subject to meeting the accuracy requirement.  For example, at higher altitudes, a longer time step may be used.

· The implementation of paragraph 3.3 shall result in an answer that is accurate to the nearest pixel of the HUD.

5 Definitions

Avionics – Refers to the airborne computers used for navigation, flight control and weapons management.

HUD – Head-Up Display.

OFP - The software that is embedded in avionic systems (known as Operational Flight Programs or OFPs).

NED – North-East-Down coordinate system.
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Figure 3.2-1: Aircraft Body Coordinates
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Figure 3.2-2: HUD Coordinates
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