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Conventions

The following conventions are used in this manual:

» The » symbol leads you through nested menu items and dialog box options 
to a final action. The sequence File»Page Setup»Options directs you to 
pull down the File menu, select the Page Setup item, and select Options 
from the last dialog box.

This icon denotes a note, which alerts you to important information.

bold Bold text denotes items that you must select or click in the software, such 
as menu items and dialog box options. Bold text also denotes parameter 
names.

italic Italic text denotes variables, emphasis, a cross-reference, or an introduction 
to a key concept. Italic text also denotes text that is a placeholder for a word 
or value that you must supply.

monospace Text in this font denotes text or characters that you should enter from the 
keyboard, sections of code, programming examples, and syntax examples. 
This font is also used for the proper names of disk drives, paths, directories, 
programs, subprograms, subroutines, device names, functions, operations, 
variables, filenames, and extensions.

monospace italic Italic text in this font denotes text that is a placeholder for a word or value 
that you must supply.
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1
Overview

Several libraries of SystemBuild models are used extensively in the 
aerospace industry. They perform common tasks in aerospace simulations. 
These libraries contain examples, which you are encouraged to modify as 
required by your particular application. These models are copyrighted by 
National Instruments. They are provided as is.

These models are listed below under the chapters in which they appear: 

• Chapter 2, Environmental Library:

– The Atmospheric Model

– Gravity Models

• Spherical Gravity Model

• Fifth-Order Gravity Model

• Chapter 3, Six-Degree-of-Freedom Library:

– Single Rigid Body Dynamics Model

• Chapter 4, Attitude Geometry Library: 

– 3D Vector and Matrix Manipulations

– Quaternion Manipulations

– Cross-Product Attitude Determination

– Three-Axis Rotations

These models are presented as components to be incorporated in a 
complete simulation. They are not intended to be used as standalone 
models.

Unless otherwise noted, all outputs from these models use units based on 
meters, kilograms, and seconds (MKS). You must ensure that the inputs 
also are based on MKS and that all angular units are radians. Wherever 
applicable, signal names include the units used.

The sample outputs presented in the documentation are based on generic 
simulations and are not intended to present the best solution for every 
application.
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The models in these libraries are all continuous-time models. In most 
applications, continuous-time modules yield greater accuracy. To generate 
real-time code using AutoCode, refer to the AutoCode documentation.

Loading the Aerospace Libraries
You can find the aerospace libraries in the directory, SYSBLD/examples/
aerolib_env, where SYSBLD is the SystemBuild directory located in 
your MATRIXx distribution. The filenames and the associated model 
descriptions appear in Table 1-1.

Since $SYSBLD is defined as an environmental variable inside MATRIXx, 
we suggest that you copy these files to your working directory or load them 
into SystemBuild from the Xmath command area.

To copy an aerospace library file to your current working directory:

copyfile "$SYSBLD/examples/aerolib_env/aero_filename";

To load an aerospace library file directly into SystemBuild:

load "$SYSBLD/examples/aerolib_env/aero_filename";

Reference Frame Descriptions
The most commonly used reference frames in the aerospace libraries are 
earth centered inertial (ECI), earth centered fixed (ECF), and vehicle body 
frame.

The ECI frame is defined with the origin in the center of the earth, the 
X vector pointing at the vernal equinox, the Z vector pointing through the 
north pole, and the Y vector completing the right-handed coordinate frame.

Table 1-1.  Aerospace Library Files

Filename Description

ATM.ascii Atmospheric model

GRV.ascii Gravity model

SRB.ascii Single rigid body model (SRB)

AG.ascii Attitude geometry library
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The ECF frame is defined with the origin in the center of the earth, the 
X vector pointing at the zero meridian through the equator, the Z vector 
pointing through the north pole, and the Y vector completing the 
right-handed coordinate frame.

Unless otherwise noted, the vehicle body frame can be any reference frame 
with its origin at the center of mass of the vehicle and fixed to the vehicle. 
The L must be used consistently. Currently, the single rigid body 
six-degree-of-freedom kernel is the only model that can use a body frame 
because it implicitly assumes that the vehicle is both rigid and single-body. 
A body frame is not meaningful in applications that model flexible- or 
multiple-body dynamics.

SuperBlock Naming Conventions
To help you incorporate these models into existing simulations, each model 
follows a prescribed naming convention. All SystemBuild SuperBlocks in 
a model begin with the same two- or three-letter prefix.

As mentioned above, signal names include a description of units wherever 
applicable. 
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2
Environmental Library

This library contains environmental models—an atmospheric model and 
two gravity models.

The Atmospheric Model
The atmospheric model provides atmospheric parameters to an air vehicle 
simulation. A SuperBlock, shown in Figure 2-1, calculates local pressure, 
density, temperature, and speed of sound as a function of altitude. The 
atmospheric model is based on the condensed U.S. Standard Atmosphere 
(1962).1

The atmospheric model calculates the local atmospheric parameters using 
linear interpolation blocks and published data. The published data limits 
the pressure, density, and temperature parameters to altitudes ranging from 
0 to 700 Km. The speed of sound also is limited within altitudes ranging 
from 0 to 90 Km. Figure 2-1 shows the layout of this model.

The only input to this model is altitude in meters. The model outputs the 
local pressure in Pascals, the local density in Kg/m3, the local temperature 
in degrees Kelvin, and the local speed of sound in m/s.

1   Valley, Shea, L., Handbook of Geophysical and Space Environments, © 1965, McGraw Hill, Inc.
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Figure 2-1.  Atmospheric Model

Figures 2-2, 2-3, 2-4, and 2-5 show the atmospheric profiles generated by 
using input altitudes within valid ranges.
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Figure 2-2.  Pressure versus Altitude

Figure 2-3.  Density versus Altitude
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Figure 2-4.  Temperature versus Altitude

Figure 2-5.  Speed of Sound versus Altitude
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Gravity Models
The gravity module consists of two gravity models—a simple spherical 
gravity model and a fifth-order gravity model. These models provide 
acceleration due to gravity as a function of position and are limited to earth 
gravity only.

Spherical Gravity Model
The spherical gravity model implements a simple 1/r2 model, as shown 
in Figure 2-6. Parameters in this model include g, the acceleration at the 
surface of the earth, and re, the radius of the earth. The user may replace 
these parameters with values from other sources.

Figure 2-6.  The GRV Spherical Model
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Inputs
The inputs to the gravity model are, in order:

1. ECI X position of the vehicle, in meters

2. ECI Y position of the vehicle, in meters

3. ECI Z position of the vehicle, in meters

Outputs
The outputs from the gravity model are, in order:

1. ECI X component of gravity acceleration of the vehicle, 
in meters per second2

2. ECI Y component of gravity acceleration of the 
vehicle,in meters per second2

3. ECI Z component of gravity acceleration of the vehicle, 
in meters per second2

Any earth-centered vehicle position can be provided as input to this 
spherically symmetric model. The output is then the vehicle gravity 
acceleration in the same coordinates.

Fifth-Order Gravity Model
The fifth-order gravity model shown in Figure 2-7 is based on equations 
from Kaplan’s Modern Spacecraft Dynamics and Control.
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Figure 2-7.  Fifth-Order Gravity Model

The equations that follow represent the potential of the earth, where μΘ 
is the earth’s gravitational constant, J, contains the zonal harmonic 
coefficients, and P is the associated Legendre function.
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Converting the above equation to the inertial frame and expanding to 
five terms yields the following:

where:
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J1 = 1
J2 = 0.0018263
J3 = –2.532153e-6
J4 = –1.610988e-6
J5 = –2.357857e-7

Inputs
The inputs to the gravity model are, in order:

1. ECI X position of the vehicle, in meters

2. ECI Y position of the vehicle, in meters

3. ECI Z position of the vehicle, in meters

Outputs
The outputs from the gravity model are, in order:

1. ECI X component of gravity acceleration of the vehicle, 
in meters per second2

2. ECI Y component of gravity acceleration of the vehicle, 
in meters per second2

3. ECI Z component of gravity acceleration of the vehicle, 
in meters per second2

The gravity model is an implementation of zonal harmonics, so the vehicle 
ECF position can be provided as input, and the output is then the vehicle 
gravity acceleration in ECF coordinates.
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Figure 2-8 shows an example of the fifth-order gravity model output. 
The inputs are from a simple ballistic trajectory.

Figure 2-8.  Fifth-Order Gravity Model Outputs
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For the same ballistic trajectory inputs, the simple gravity model produces 
the outputs shown in Figure 2-9.

Figure 2-9.  Simple Model Gravity Outputs

Usage Notes
• The fifth-order gravity model has been successfully used in several 

aerospace programs, although higher fidelity models exist.

• Both models contain an algebraic connection from the inputs to the 
outputs. You should be aware of this and avoid creating algebraic loops 
within your model.
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3
Six-Degree-of-Freedom Library

The Six-Degree-of-Freedom (SDOF) library contains one model, the single 
rigid body (SRB) dynamics model.

The single rigid body model is a full six-degree-of-freedom propagator that 
takes forces and torques as inputs and computes the time history of position 
and attitude. It is limited to vehicles that can be modeled as a single rigid 
body and for which all forces and torques are known.

The SRB model was designed to be easily incorporated into larger models. 
Inputs may be connected directly to this block diagram in their most 
common forms (without coordinate transformations). In addition, the SRB 
model outputs include all of the data commonly required by simulations.

Single Rigid Body Dynamics Model
The SRB model, shown in Figure 3-1, includes all equations of motion 
for a single rigid body, including attitude dynamics models, attitude 
propagation equations, translational dynamics models, and translational 
kinematics models.

To incorporate the variable mass properties of aerospace vehicles due to 
expenditure of fuel, the vehicle mass and moments of inertia are included 
as inputs. Using this model you can implement variable mass properties or 
simply connect constant mass properties.



Chapter 3 Six-Degree-of-Freedom Library

SystemBuild Aerospace Model Libraries 3-2 ni.com

Figure 3-1.  Top Level of Single Rigid Body Model

The forces in a typical aerospace vehicle model fall in one of three 
categories:

• Gravity

• Non-gravity forces expressed in inertial coordinates

• Non-gravity forces expressed in body coordinates

Examples of non-gravity forces expressed in inertial coordinates typically 
include geomagnetic forces, solar pressure, satellite drag, and others. 
Examples of non-gravity forces expressed in body coordinates typically 
include thrusters, outgassing, aircraft drag, and others. For convenience, the 
SRB model has a different set of inputs for each of the three categories. 
This eliminates the need to transform body-fixed forces to inertial, allowing 
you to easily implement alternative gravity models.

Most aerospace vehicle models include only torques expressed in body 
coordinates (excluding inertial coordinates), so only one set of torque 
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inputs is provided, and these must be expressed in body coordinates. The 
SRB model solves this problem, computing the direction cosine matrix 
(DCM) to transform inertial coordinates to body coordinates.

The top-level SuperBlock in this module is named SRB A Top Level. 
All other SuperBlocks within this module are below this SuperBlock in 
the hierarchy. You can provide the inputs to the model by other simulation 
models. For example, you can hook the outputs of the gravity model 
described in Chapter 2, Environmental Library, to the first three inputs 
of this model.

Inputs
The inputs are, in order:

1. Gravity acceleration in the inertial X direction

2. Gravity acceleration in the inertial Y direction

3. Gravity acceleration in the inertial Z direction

4. The inertial X component of non-gravity forces, 
expressed in inertial coordinates

5. The inertial Y component of non-gravity forces, 
expressed in inertial coordinates

6. The inertial Z component of non-gravity forces, 
expressed in inertial coordinates

7. The body X component of non-gravity forces, 
expressed in body coordinates

8. The body Y component of non-gravity forces, 
expressed in body coordinates

9. The body Z component of non-gravity forces, 
expressed in body coordinates

10. The body X component of torque

11. The body Y component of torque

12. The body Z component of torque

13. Vehicle mass

14. XX moment of inertia of the vehicle

15. YY moment of inertia of the vehicle

16. ZZ moment of inertia of the vehicle

17. XY product of inertia of the vehicle

18. YZ product of inertia of the vehicle
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19. ZX product of inertia of the vehicle

20. Inertial X component of initial velocity of the vehicle relative to inertial 
space

21. Inertial Y component of initial velocity of the vehicle relative to inertial 
space

22. Inertial Z component of initial velocity of the vehicle relative to inertial 
space

23. Inertial X component of the initial vehicle position

24. Inertial Y component of the initial vehicle position

25. Inertial Z component of the initial vehicle position

26. Body X component of the initial angular velocity of the vehicle in 
inertial space

27. Body Y component of the initial angular velocity of the vehicle in 
inertial space

28. Body Z component of the initial angular velocity of the vehicle in 
inertial space

29. First component of the initial quaternion to transform inertial 
coordinates to body coordinates

30. Second component of the initial quaternion to transform inertial 
coordinates to body coordinates

31. Third component of the initial quaternion to transform inertial 
coordinates to body coordinates

32. Fourth component of the initial quaternion to transform inertial 
coordinates to body coordinates

Notice that the gravity inputs (inputs 1, 2, and 3) are accelerations, not 
forces, while inputs 4 through 9 are forces, not accelerations. The gravity 
accelerations must be in the same coordinates as the inertially fixed forces.

The force inputs (inputs 4 through 9) must not include any gravity. Inputs 
4, 5, and 6 must not include forces represented in inputs 7, 8, and 9. Inputs 
7, 8, and 9 must not include forces represented in inputs 4, 5, and 6.

The fourth element of the quaternion in inputs 29 through 32 should be the 
cosine of half of the Euler slew angle.



Chapter 3 Six-Degree-of-Freedom Library

© National Instruments Corporation 3-5 SystemBuild Aerospace Model Libraries

Outputs
The outputs from this block diagram are:

1. Inertial X component of total acceleration of the vehicle relative to 
inertial space

2. Inertial Y component of total acceleration of the vehicle relative to 
inertial space

3. Inertial Z component of total acceleration of the vehicle relative to 
inertial space

4. Inertial X component of velocity of the vehicle relative to inertial space

5. Inertial Y component of velocity of the vehicle relative to inertial space

6. Inertial Z component of velocity of the vehicle relative to inertial space

7. Inertial X component of the vehicle position

8. Inertial Y component of the vehicle position

9. Inertial Z component of the vehicle position

10. Body X component of the angular acceleration of the vehicle in inertial 
space

11. Body Y component of the angular acceleration of the vehicle in inertial 
space

12. Body Z component of the angular acceleration of the vehicle in inertial 
space

13. Body X component of the angular velocity of the vehicle in inertial 
space

14. Body Y component of the angular velocity of the vehicle in inertial 
space

15. Body Z component of the angular velocity of the vehicle in inertial 
space

16. First component of the quaternion to transform inertial coordinates to 
body coordinates.

17. Second component of the quaternion to transform inertial coordinates 
to body coordinates

18. Third component of the quaternion to transform inertial coordinates to 
body coordinates

19. Fourth component of the quaternion to transform inertial coordinates 
to body coordinates

20. Element (1,1) of the DCM to convert inertial coordinates to body 
coordinates
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21. Element (1,2) of the DCM to convert inertial coordinates to body 
coordinates

22. Element (1,3) of the DCM to convert inertial coordinates to body 
coordinates

23. Element (2,1) of the DCM to convert inertial coordinates to body 
coordinates

24. Element (2,2) of the DCM to convert inertial coordinates to body 
coordinates

25. Element (2,3) of the DCM to convert inertial coordinates to body 
coordinates

26. Element (3,1) of the DCM to convert inertial coordinates to body 
coordinates

27. Element (3,2) of the DCM to convert inertial coordinates to body 
coordinates

28. Element (3,3) of the DCM to convert inertial coordinates to body 
coordinates.

The fourth element of the quaternion in outputs 16 through 19 is the cosine 
of half of the Euler slew angle.

Examples
Figure 3-2 shows an example of the position outputs of this model 
when run with inputs for a ballistic trajectory. Figure 3-3 shows the 
corresponding velocity outputs.
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Figure 3-2.  Inputs for Ballistic Trajectories
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Figure 3-3.  Velocity Output

Usage Notes

• The SRB model is non-dimensional in the sense that if you provide the 
inputs in consistent base units, the outputs are in the same base units. 
The only exception to this is that all inputs involving angles must be 
expressed in units derived from radians, and all outputs are expressed 
in units derived from radians.

• No assumptions are made about the definition of the body coordinates, 
so you may employ any convenient orthogonal right-handed system 
fixed in the vehicle. Notice, however, that the same body coordinate 
system must be used consistently in all inputs and outputs.

• No assumptions are made regarding the definition of the inertial frame 
or the inertial coordinates, so you are free to use any frame that can be 
approximated as inertial with sufficient accuracy for the project at 
hand.
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• All SRB model SuperBlock names begin with SRB. To avoid naming 
conflicts, do not prefix your own SuperBlock names with SRB. This 
naming convention has the added benefit of ordering all SRB 
SuperBlocks consecutively in the SystemBuild Catalog alphabetical 
listing.

• This model runs under the SystemBuild environment for matrix and 
complex manipulations, and the symbol “I” is commonly used to 
denote either the identity matrix or sqrt (–1). As a result, there is no 
convenient symbol to denote the inertial reference frame used in this 
module.

Signal names in SRB block diagrams use the letter “N” to denote the 
inertial reference frame. This notation is taken from Kane and 
Levinson.1

• The equations implemented in the SRB model are mathematically 
exact. However, you must keep the following limitations in mind:

– No vehicle is a truly rigid body. Most aerospace vehicles undergo 
structural and thermal flexing and have fuel that sloshes. Most 
aerospace vehicles are not truly single bodies because they contain 
gyros, valves, control surfaces, or other small machinery.

– Any numerical integration method might introduce noticeable 
errors when an unstable or neutrally stable vehicle has no closed 
loop control and the simulation covers an extended period of time. 
An example of this would be orbit propagation covering several 
months with no orbit adjust maneuvers.

– Any simulation can be no more accurate than its inputs. All forces 
and torques fed into the SRB model are only mathematical 
approximations and will have errors. Similarly, all mass properties 
and initial conditions will be imperfect.

• You must ensure that the initial velocity, initial position, initial angular 
rate, and initial quaternion are constant during the simulation.

• The integrators in the SuperBlocks SRB Rotational Kinematics, 
SRB Translational Kinematics, and SRB Quaternion Propagator 
each feed into a sum block to inject initial conditions. These initial 
conditions are supplied as inputs to the respective SuperBlock, which 
are passed through the hierarchy from the top level SuperBlock. As an 
alternative, you can supply these initial conditions with an algebraic 
expression block within the SuperBlock containing the integrator. This 
eliminates the need for the inputs to supply the initial conditions 
throughout the hierarchy.

1   Kane, Thomas R. & Levinson, David A., Dynamics, Theory and Applications, © 1985 McGraw Hill, Inc.
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The quaternion calculation provides an example of how to supply 
initial conditions using an algebraic expression block. In the SRB 
Quaternion Propagator SuperBlock, you can add an algebraic 
expression block with four outputs. This block would simply assign 
values to each of the four outputs. The values would feed into the first 
four inputs of the sum block, replacing the existing inputs.

All blocks with initial conditions as inputs have the initial conditions 
as their last inputs. This facilitates eliminating them if you decide to 
use an algebraic expression block. The blocks in the SRB model are 
SRB Quaternion Propagator, SRB Rotational Kinematics, and SRB A 
Top Level.

If you decide to model the vehicle with constant mass properties, you 
can replace the mass properties inputs in the appropriate SuperBlocks 
with an algebraic block in the low-level SuperBlock. The procedure for 
doing this is similar to the procedure for eliminating initial conditions.

• There is an algebraic connection from the input forces to the output 
accelerations. Therefore, be aware that if the SRB model is used in a 
larger model, there should be no algebraic connection from the output 
accelerations to the input forces. Otherwise, an algebraic loop results.

• Similarly, there is an algebraic connection from the input torques to the 
output angular acceleration. To prevent an algebraic loop, there should 
be no algebraic connection from the output angular acceleration to the 
input torques.
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4
Attitude Geometry Library

The Attitude Geometry library is a series of SuperBlocks that are 
implementations of equations commonly used in attitude dynamics. 
Included are 3D vector and matrix manipulations, quaternion 
manipulations, basic attitude determination equations, and three-axis 
rotation equations.

These SuperBlocks were designed to be easily incorporated into larger 
models. The inputs to these blocks can be supplied by the larger simulation, 
and they are in commonly used forms. Similarly, the outputs can be easily 
used elsewhere in the larger model because they are in commonly used 
forms.

The Attitude Geometry Library contains several SuperBlocks that are 
useful to an attitude control engineer. These blocks are intended to be used 
individually. You can select any that are useful for the problem at hand and 
ignore the others.

All of the SuperBlocks within this library have names which begin with AG. 
You can avoid naming conflicts by avoiding SuperBlock names beginning 
with AG. All of the SuperBlocks that are specific to the cross-product 
attitude determination function begin with AG CPAD.

Most of these SuperBlocks are self-contained. They do not incorporate 
other SuperBlocks within them. The only exception to this is the AG CPAD 
Cross Product Attitude Determination SuperBlock, which includes the 
AG CPAD Ref to Temp SuperBlock and other blocks not specific to this 
function.

3D Vector and Matrix Manipulations
There are several SuperBlocks included for manipulation of 3D vectors and 
transformation matrices. Each of these SuperBlocks is standalone—that is, 
it does not contain any other SuperBlocks.

Each of these SuperBlocks is a fairly simple block diagram. However, these 
basic functions are used so frequently that it is useful to have them readily 
available.
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Normalizing a Vector
SuperBlock AG Normalize 3 Vector creates a unit vector parallel to and 
in the same direction as its input vector by dividing the input vector by 
its magnitude. The inputs to the SuperBlock are, in order:

1. X component of vector

2. Y component of vector

3. Z component of vector

Its outputs are, in order:

1. X component of unit vector

2. Y component of unit vector

3. Z component of unit vector

The coordinates of the output vector are the same as the coordinates of the 
input vector.

If the input is the zero vector, then the associated unit vector is undefined. 
In this case, the output is also a zero vector.

Transposing a 3 × 3 Matrix
SuperBlock AG Transpose 3 × 3 Matrix transposes a 3 × 3 matrix. 
Its inputs are, in order:

1. Element 1,1 of the matrix to be transposed

2. Element 1,2 of the matrix to be transposed

3. Element 1,3 of the matrix to be transposed

4. Element 2,1 of the matrix to be transposed

5. Element 2,2 of the matrix to be transposed

6. Element 2,3 of the matrix to be transposed

7. Element 3,1 of the matrix to be transposed

8. Element 3,2 of the matrix to be transposed

9. Element 3,3 of the matrix to be transposed

Its outputs are, in order:

1. Element 1,1 of the transposed matrix

2. Element 1,2 of the transposed matrix

3. Element 1,3 of the transposed matrix

4. Element 2,1 of the transposed matrix
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5. Element 2,2 of the transposed matrix

6. Element 2,3 of the transposed matrix

7. Element 3,1 of the transposed matrix

8. Element 3,2 of the transposed matrix

9. Element 3,3 of the transposed matrix

Inverting a 3 × 3 Matrix
SuperBlock AG Invert 3 × 3 matrix inverts a 3 × 3 matrix. Its inputs are, 
in order:

1. Element 1,1 of the matrix to be inverted

2. Element 1,2 of the matrix to be inverted

3. Element 1,3 of the matrix to be inverted

4. Element 2,1 of the matrix to be inverted

5. Element 2,2 of the matrix to be inverted

6. Element 2,3 of the matrix to be inverted

7. Element 3,1 of the matrix to be inverted

8. Element 3,2 of the matrix to be inverted

9. Element 3,3 of the matrix to be inverted

Its outputs are, in order:

1. Element 1,1 of the inverted matrix

2. Element 1,2 of the inverted matrix

3. Element 1,3 of the inverted matrix

4. Element 2,1of the inverted matrix

5. Element 2,2 of the inverted matrix

6. Element 2,3 of the inverted matrix

7. Element 3,1 of the inverted matrix

8. Element 3,2 of the inverted matrix

9. Element 3,3 of the inverted matrix

If the input matrix is singular, this SuperBlock fails.
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Multiplying a 3 × 3 Matrix by a Vector
SuperBlock AG Matrix Vector Multiply 3 × 3 multiplies a 3 × 3 matrix by 
a vector. Its inputs are, in order:

1. Element 1,1 of the pre-multiplying matrix

2. Element 1,2 of the pre-multiplying matrix

3. Element 1,3 of the pre-multiplying matrix

4. Element 2,1 of the pre-multiplying matrix

5. Element 2,2 of the pre-multiplying matrix

6. Element 2,3 of the pre-multiplying matrix

7. Element 3,1 of the pre-multiplying matrix

8. Element 3,2 of the pre-multiplying matrix

9. Element 3,3 of the pre-multiplying matrix

10. Element 1 of the post-multiplying vector

11. Element 2 of the post-multiplying vector

12. Element 3 of the post-multiplying vector

The outputs are, in order:

1. Element 1 of the product

2. Element 2 of the product

3. Element 3 of the product

Multiplying Two 3 × 3 Matrices
SuperBlock AG Multiply 3 × 3 Matrices multiplies two 3 × 3 matrices. 
The inputs are, in order:

1. Element 1,1 of the pre-multiplying matrix

2. Element 1,2 of the pre-multiplying matrix

3. Element 1,3 of the pre-multiplying matrix

4. Element 2,1 of the pre-multiplying matrix

5. Element 2,2 of the pre-multiplying matrix

6. Element 2,3 of the pre-multiplying matrix

7. Element 3,1 of the pre-multiplying matrix

8. Element 3,2 of the pre-multiplying matrix

9. Element 3,3 of the pre-multiplying matrix

10. Element 1,1 of the post-multiplying matrix
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11. Element 1,2 of the post-multiplying matrix

12. Element 1,3 of the post-multiplying matrix

13. Element 2,1 of the post-multiplying matrix

14. Element 2,2 of the post-multiplying matrix

15. Element 2,3 of the post-multiplying matrix

16. Element 3,1 of the post-multiplying matrix

17. Element 3,2 of the post-multiplying matrix

18. Element 3,3 of the post-multiplying matrix

The outputs are, in order:

1. Element 1,1 of the product

2. Element 1,2 of the product

3. Element 1,3 of the product

4. Element 2,1 of the product

5. Element 2,2 of the product

6. Element 2,3 of the product

7. Element 3,1 of the product

8. Element 3,2 of the product

9. Element 3,3 of the product

Quaternion Manipulations
This library includes manipulations of Euler symmetric parameters, more 
commonly called quaternions.

All quaternions used in these blocks are defined to have the fourth element 
equal to one-half of the cosine of the Euler rotation angle.

Quaternion Multiplication
Two successive arbitrary rotations can be expressed as one single rotation. 
Mathematically combining two quaternions, representing two successive 
rotations, to represent the final single rotation is commonly referred to as 
quaternion multiplication. The SuperBlock AG Quaternion Multiplier 
performs this operation.
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The inputs are, in order:

1. Element 1 of the quaternion representing the first rotation

2. Element 2 of the quaternion representing the first rotation

3. Element 3 of the quaternion representing the first rotation

4. Element 4 of the quaternion representing the first rotation

5. Element 1 of the quaternion representing the second rotation

6. Element 2 of the quaternion representing the second rotation

7. Element 3 of the quaternion representing the second rotation

8. Element 4 of the quaternion representing the second rotation

The outputs are, in order:

1. Element 1 of the quaternion representing the resultant rotation

2. Element 2 of the quaternion representing the resultant rotation

3. Element 3 of the quaternion representing the resultant rotation

4. Element 4 of the quaternion representing the resultant rotation

Converting a Quaternion to DCM
The SuperBlock AG Quaternion to DCM converts a quaternion to its 
equivalent direction cosine matrix (DCM). The inputs are, in order:

1. Element 1 of the quaternion

2. Element 2 of the quaternion

3. Element 3 of the quaternion

4. Element 4 of the quaternion

The outputs are, in order:

1. Element 1,1 of the equivalent DCM

2. Element 1,2 of the equivalent DCM

3. Element 1,3 of the equivalent DCM

4. Element 2,1 of the equivalent DCM

5. Element 2,2 of the equivalent DCM

6. Element 2,3 of the equivalent DCM

7. Element 3,1 of the equivalent DCM

8. Element 3,2 of the equivalent DCM

9. Element 3,3 of the equivalent DCM
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Converting DCM to a Quaternion
SuperBlock AG DCM to Quaternion converts a DCM to its equivalent 
quaternion. The inputs are, in order:

1. Element 1,1 of the DCM

2. Element 1,2 of the DCM

3. Element 1,3 of the DCM

4. Element 2,1 of the DCM

5. Element 2,2 of the DCM

6. Element 2,3 of the DCM

7. Element 3,1 of the DCM

8. Element 3,2 of the DCM

9. Element 3,3 of the DCM

The outputs are, in order:

1. Element 1 of the equivalent quaternion

2. Element 2 of the equivalent quaternion

3. Element 3 of the equivalent quaternion

4. Element 4 of the equivalent quaternion

Cross-Product Attitude Determination
Frequently, attitude determination instruments provide a vector to a known 
reference point. Examples of this include star sensors and sun sensors. 
Two such simultaneous measurements provide sufficient information to 
completely determine the attitude of an aerospace vehicle. The algebraic 
process by which this is done is commonly known as cross-product attitude 
determination.

Cross-product attitude determination is an algebraic process in which two 
separate vectors, each expressed in two different coordinate reference 
frames, are combined to find the relative orientation of the two coordinate 
reference frames. Call the two vectors V1 and V2, and call the two 
coordinate reference frames A and B.
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The SuperBlock AG CPAD CrossProduct Att Det contains the algorithms 
necessary to compute the attitude, given two reference vectors. The inputs 
are, in order:

1. The X component of vector V1 expressed in frame A

2. The Y component of vector V1 expressed in frame A

3. The Z component of vector V1 expressed in frame A

4. The X component of vector V1 expressed in frame B

5. The Y component of vector V1 expressed in frame B

6. The Z component of vector V1 expressed in frame B

7. The X component of vector V2 expressed in frame A

8. The Y component of vector V2 expressed in frame A

9. The Z component of vector V2 expressed in frame A

10. The X component of vector V2 expressed in frame B

11. The Y component of vector V2 expressed in frame B

12. The Z component of vector V2 expressed in frame B

The outputs are, in order:

1. Element 1,1 of the coordinate transformation from frame B to frame A

2. Element 1,2 of the coordinate transformation from frame B to frame A

3. Element 1,3 of the coordinate transformation from frame B to frame A

4. Element 2,1 of the coordinate transformation from frame B to frame A

5. Element 2,2 of the coordinate transformation from frame B to frame A

6. Element 2,3 of the coordinate transformation from frame B to frame A

7. Element 3,1 of the coordinate transformation from frame B to frame A

8. Element 3,2 of the coordinate transformation from frame B to frame A

9. Element 3,3 of the coordinate transformation from frame B to frame A

Note This method of attitude determination is sub-optimal in the sense that it uses only an 
instantaneous measurement and ignores previous and future measurements.

This method of attitude determination assumes there is no noise on the measurements. 
If there is noise, this method selects a coordinate transformation that forces vector V1 
to be perfectly aligned between the two reference frames; V2 might not be perfectly 
aligned. The selected coordinates transformation forces V2 expressed in the A frame, 
V2 expressed in the B frame, and V1 to be co-planar.
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Three-Axis Rotations
The Attitude Geometry Library includes 12 SuperBlocks representing the 
12 possible three-axis rotations. The inputs to each of these SuperBlocks 
are the three rotation angles, and the outputs are the elements of the DCM 
representing the equivalent rotation.

The AG Space 3 1 2 to DCM SuperBlock represents three consecutive 
rotations. Assume two reference frames called A and B. These two frames 
are initially aligned relative to each other. Then B performs three rotations 
relative to A:

1. B rotates about the A frame Z-axis. The Z-axis is chosen because this 
is the first rotation of the 3-1-2 series.

2. B rotates about the A frame X-axis. The X-axis is chosen because this 
is the second rotation of the 3-1-2 series.

3. B rotates about the A frame Y-axis. The Y-axis is chosen because this 
is the third rotation of the 3-1-2 series.

The output of the SuperBlock is the DCM representing the final orientation 
of B relative to A.

The other 11 SuperBlocks have names that reflect the order of rotations in 
an analogous fashion. These 12 SuperBlocks represent all possible 
combinations of rotations.

Note These SuperBlocks are unlike the Three-Axis Rotation block in the SystemBuild 
palette. This block represents consecutive rotations about the B frame axes and not about 
the A frame axes.

The rotations represented by these SuperBlocks are called space rotations, and the 
rotations represented by the Three-Axis Rotation block in the SystemBuild palette 
are called body rotations.1

To form a block analogous to the Three-Axis Inverse block in the SystemBuild pallette, 
use the appropriate SuperBlock from this library, and feed its outputs through the 
AG Transpose 3 × 3 Matrix SuperBlock, also in this library.

1   This terminology is borrowed from Kane, Thomas R. & Levinson, David A., Dynamics, Theory and Applications, © 1985 
McGraw Hill, Inc.
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A
Technical Support and 
Professional Services

Visit the following sections of the National Instruments Web site at 
ni.com for technical support and professional services:

• Support—Online technical support resources at ni.com/support 
include the following:

– Self-Help Resources—For answers and solutions, visit the 
award-winning National Instruments Web site for software drivers 
and updates, a searchable KnowledgeBase, product manuals, 
step-by-step troubleshooting wizards, thousands of example 
programs, tutorials, application notes, instrument drivers, and 
so on.

– Free Technical Support—All registered users receive free Basic 
Service, which includes access to hundreds of Application 
Engineers worldwide in the NI Discussion Forums at 
ni.com/forums. National Instruments Application Engineers 
make sure every question receives an answer.

For information about other technical support options in your 
area, visit ni.com/services or contact your local office at 
ni.com/contact. 

• Training and Certification—Visit ni.com/training for 
self-paced training, eLearning virtual classrooms, interactive CDs, 
and Certification program information. You also can register for 
instructor-led, hands-on courses at locations around the world.

• System Integration—If you have time constraints, limited in-house 
technical resources, or other project challenges, National Instruments 
Alliance Partner members can help. To learn more, call your local 
NI office or visit ni.com/alliance.

If you searched ni.com and could not find the answers you need, contact 
your local office or NI corporate headquarters. Phone numbers for our 
worldwide offices are listed at the front of this manual. You also can visit 
the Worldwide Offices section of ni.com/niglobal to access the branch 
office Web sites, which provide up-to-date contact information, support 
phone numbers, email addresses, and current events.
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