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APPENDIX A
NESS USER'S MANUAL
This is a reference manual for NESS, a simulation expert-system
developed at Vanderbilt University. This manual will give user information
regarding starting and operqting NESS.
1. STARTUP
To start NESS one must 1og onto the VAX 11/780 at Vanderbilt. The VMS

prompt '$' appears on the screen. The user then executes the following
commands:

$ ness

$ shell [This places you under "EUNICE" a UNIX-1ike operating
system.]

% 1lisp [% is EUNICE's prompt. LISP gets you into the FRANZLISP
environment.]

Franz Lisp, Opus 38.79
Do you want to run:

1) NASA EXPERT Simulation SYSTEM ?
2) GENIE (GENeric Inference Engine) ?
3) Franz Lisp ?

Please enter choice(s):

#1
Before running the NASA Expert Simulation System,
did you type in 'SHELL' while you were under VMS?

1) yes
2) no
3) ‘don't know

Please enter choice(s):
#1

Welcome to NASA Expert Simulation System (NESS)

Loading GENIE, and NESS....

GENIE version 2.3 generated on Tues. Apr. 2 12:25:06 1985

NESS version 1.0 generated on Thu. Jun. 27 11:45:05 1985
[be patient this may take one or two minutes]

This expert system provides an intelligent interface to a generic
simulation program for spacecraft attitude control problems. Below is a
menu of the functions the system can perform. Control will repeatedly
return to this menu after executing each user request. When you are ready
for further text display, hit the 'return' key:
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2. NESS OPERATION

Now you are in the control of NESS. Its TOP LEVEL MENU will appear on
the screen. Please make only one choice at a time. The menu appears as
follows:

top_level choice
top level _menu

1) Exit to GENIE

2) Set up initial parameter values

3) Run simulation program

4) Display current parameter values required for simulation
5) Display outputs generated by simulation

6) Change initial parameter values required for simulation
7) Set up initial parameter values to default values

8) Store current parameter values in a disk-file

Please enter choice(s). Now you have to enter the number of the
function you want to be performed. You are strongly advised to enter only
one choice at a time.

A brief explanation of what happens when each of the choices is
selected follows.

1) Exit to GENIE

You can use this function to halt NESS and go to the GENIE environ-
ment. To return to NESS use option 2 of GENIE's menu. This is not advised
for those not familiar with GENIE.

2) Set up initial parameter values

This function allows you to enter initial values of parameters neces-
sary for the simulation experiment. NESS will ask you some questions to
infer or to provide values.

An option is provided here to allow users to run both types of
responses with the same values for parameters. The first question asked by
NESS concerns this aspect.

NESS assumes the dinertial matrix to be diagonal with all diagonal
elements equal. Hence it prompts the user for only one diagonal element of
the inertial matrix.

NESS asks some questions to get values of the Kp and Kd controller
matrices. If proportional control is not desired then all elements of the
Kp matrix are set to 0.0. Likewise if differential control is not wanted
then all elements of the Kd matrix are set to 0.0. If no cross-coupling is
desired the Kp and Kd become diagonal matrices, otherwise, the user is
asked whether he wants them to be symmetric or regular. If the user wants
the same controller gain for all axes in a diagonal matrix, then NESS
prompts the user for only one element of that particular matrix. Depending
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on the reply from the user, NESS configures the Kp and Kd matrices.

If the user wants the Quaternion block to be included in the simula-
tion, then NESS prompts for initial values of the Quaternion.

NESS asks the wuser to choose a system response type from a menu of
responses (step response or frequency response).

Some questions are asked about initializing angular velocity and
angular position. They dinclude whether the user wants all 0.0 initial
values, the same initial values for all axes, or different initial values
for the three axes.

For other parameters NESS simply asks the user to enter values. NESS
knows about the parameters required for each response type, and only asks
for the values of the required parameters.

3) Run simulation program

After using option 2 to set initial values of parameters, the user
can use this option to run the the simulation program. This function first
calculates eigenvalues of the system matrix. From the eigenvalues it
infers the value of Tfinal for step response (from some heuristics). It
displays this value to the user, and, if the user wants to have a dif-
ferent value for Tfinal, he can override this value. For the other two
types of responses, NESS displays the value of TAU or the time constant of
the system. The FORTRAN program gets this value, and, by using some
heuristics, it calculates Tfinal, for each frequency separately.

If either Kp or Kd or both contain all 0.0 elements, NESS warns the
user about this. In this case, NESS goes to a default value of TAU
(default = 1.0).

Finally the user has the option of not running the simulation
program. If he wants to return to the TOP LEVEL MENU to review and alter
some parameter values, he can do so.

If the user wants to run the simulation program, the FORTRAN program
is executed. After execution, control is returned to the TOP LEVEL MENU.

If the user picks this option, (i.e., run simulation program before
values have found for parameters) then NESS simply displays a message and
returns to the user to set up initial parameter values.

4) Display current parameter values required for simulation

Using this option the user can look at parameter values present in
the database of NESS. A menu of parameters known to NESS is displayed and
the user can choose the parameters whose values are to be displayed. If
the parameter has a value it is displayed, else "nil1 (empty frame level)"
is displayed signifying that that particular parameter does not have any
value. The user can return to the TOP LEVEL MENU using option 1 (Return to
TOP level) present on this menu.
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If none of the parameters have any values then NESS displays a mes-
sage to that effect.

5) Display outputs generated by simulation

This option allows the user to look at the results of the simulation
experiment. A menu of outputs generated by the simulation is displayed and
the user can choose the output that is to be displayed. The outputs gener-
ated by the simulation program are: plot of omega, plot of theta, numeri-
cal outputs and characteristics of the analysis. The user can return to
the TOP LEVEL MENU by choosing option 1 on this menu.

NESS will not display any outputs if the simulation program has not
been run, or has not executed properly. It will display a message to that
effect to the user when he selects this option.

6) Change initial parameter values required for simulation

This option allows the user to change parameter values. A menu of
parameters known to NESS is displayed and the user can choose the
parameters whose values are to be changed. NESS then asks the user for the
new value of that parameter. The user can return to the TOP LEVEL MENU by
choosing option 1 present on this menu.

Let it be noted that the value entered by the user is stored in the
database by NESS without checking its validity. Thus a non-numerical value
can be entered for a parameter, leading to an error later on. This error
will be detected by the FRANZLISP interpreter when it tries to create the
data file of parameter values for the FORTRAN program. The user will have
to do his own checking to find out the wrongly entered value. Hence this
option must be used with caution. If an error occurs, it is best to use
option 2 of the TOP LEVEL MENU to gather values for parameters.

The user will not be allowed to change values of parameters, if none
of them have any value. This message will be displayed to the user when he
selects this option.

7) Set up initial parameter values to default values

The user can use values stored in a disk file to be be entered in
NESS's database by selecting this option. NESS displays the current con-
tents of the current subdirectory and asks the user to enter the file
containing initial values. The file entered by the user must have been
created by NESS using option 8 of the TOP LEVEL MENU. Any other file must
not be entered. If this is done unexpected errors might occur.

8) Store current parameter values in a disk file

The user can store current parameter values in NESS's database to a
disk file.The stored values can be used for later experimentation by using
option 7 of the top level menu. NESS displays the current contents of the
current subdirectory and asks the user to enter a filename, where the
current 1initial values will be stored. The user must not enter a filename
already existing in the current subdirectory unless he is sure that doing
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so will not endanger a file crucial to NESS. The files crucial to NESS are
given below.

simxpert.1, rules.1l, change.l, user.l, demonar.l,
lisprc.1l, demon00.1, demonOl.1, demon02.1,
demon03.1, eigenval.o and main.exe.

A5



ENGLISH VERSION OF THE RULES IN VARIOUS RULE-BASES
1) value_input_rb:
Rule_1: IF [a11 simulation parameters are known]
THEN [run the simulation]

Rule_2: IF [the inertial matrix is full]
and [the Kp matrix is full]
and [the Kd matrix is full]
and [the Quaternion is initialized]
and [an integration method is found]
and [the type of response is known]
and [the axis of input command is known]
and [the value of TO is known]
and [the value of error is known]
and [the Y matrix is full]

THEN [the first_step parameters are known]

Rule 3: IF [step_response was chosen]
and [first_step_parameters are known]
and [the value of deltaT is known]
and [the value of steady state error is known]
or [frequency_response was chosen]
and [first_step_parameters are knownl]
and [second_step_parameters are known]

THEN [all parameters are known]

Rule 4: IF [the value of amplitude is known]
and [the value of initial_freguency is known]
and [the number_of_samples_per_period is known]
and [the value of number_p?fyecades is known]
and [the value of number_of_sampling_frequency_per_decade
is known]
and [the value of phase is known]

THEN [the second_step parameters are known]
Rule 5: IF [derivative control is not desired]
THEN [Kd matrix_type is zerol]
and [Kd matrix is full]
and [each element of Kd_matrix=0]
Rule_6: IF [(proportional control is not desired]
THEN [Kp_matrix_type is zero]
and [Kp matrix is fulll
and [each element of Kp_matrix=0]

Rule_7: IF [cross-coupling between_axes for proportional control is
not desired]
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THEN
and

Rule _8: IF

THEN
and

Rule 9: IF

and
and

THEN
and

Rule_10: IF

and
and

THEN
and

Rule 11: IF

and

and
and

and

THEN
Rule_l12: IF

and

and
and

and
THEN
Rule_13: IF

THEN

and
and

and
Rule_14: IF

and
and
and

[Kp_matrix_type is diagonall
[each off-diagonal element of Kp_matrix=0]

[cross-coupling between_axes for differential control is
not desired]

[Kd_matrix_type is diagonall
[each off-diagonal element of Kp_matrix=0]

[cross-coupling_between axes for proportional control is
not desired]

[the same proportional control is desired for all axes]
[the value of Kp(1,1) is known (user will be asked)]

[Kp_matrix_type is equal_diagonal_terms]
[each diagonal element of Kp_matrix=Kp(1,1)]

[cross-coupling between_axes for differential control is
not desired]

[the same differential control is desired for all axes]
[the value of Kd(1,1) is known (user will be asked)

[Kd_matrix type is equal_diagonal terms]
[each diagonal element of Kd_matrix=Kd(1,1)]

[cross-coup]ing_petween_pxes for proportional control is
not desired]

[the same proportional control is not desired for all axes]
[the value of Kp(1,1) is known (user will be asked)]

[the value of Kp(2,2) is known (user will be asked;%

[the value of Kp(3,3) is known (user will be asked

[Kp_matrix_type is not equal_diagonal_terms]

" [cross~coupling between_axes for differential control is

not desired]

[the same differential control is not desired for all axes]
[the value of Kd(1,1) is known (user will be asked)]

[the value of Kd(2,2) is known (user will be asked)]

[the value of Kd(3,3) is known (user will be asked)]

[Kd_matrix_type is not equal_diagonal_terms]

[the value of inertial_matrix (1 1) is known (user will be
asked)]

[inertial_matrix (2 2)
[inertial_matrix (3 3)
[inertial_matrix is fulll

[each off-diagonal element of inertial_matrix = 0]

inertial_matrix él 13]
inertial_matrix (1 1)]

[cross-coup]ing_petween_pxes for proportional control

is desired]

[the Kp matrix is symmetric]

[the vaTue of Kp _matrix(1,1) is known guser will be askedg]
[the value of Kp_matrix(1,2) is known (user will be asked)]
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and
and
and
and

THEN
and
and
and

Rule_15: IF

and
and
and
and
and
and
and

THEN
and
and
and

Rule_16: IF

and
and
and
and
and
and
and
and
and
and

THEN
Rule_17: IF

and
and
and
and
and
and
and
and
and
and
and
and

[the value of Kp_matrix(1,3) is known (user will be asked)]
[the value of Kp_matrix(2,2) is known (user will be asked)]
[the value of KpT  matrix(2,3) is known (user will be askedgj
[the value of Kp_matrix(3,3) is known (user will be asked)]

[Kp matrix type is symmetric]
[Kp(2,1)=Kp(1,2)]
[Kp(3,1)=Kp(1,3)]
[Kp(3,2)=Kp(2,3)]

[cross-coupling_t between_axes for differential control is

desired]

[the Kd matrix is symmetric]

[the vaTue of Kd_matrix(1,1) is known (user will be asked)]

[the value of Kd matr1x(1 2) is known (user will be asked)]

[the value of Kd _matrix(1,3) is known (user will be asked§%
;]
J

P

[the value of Kd matr1x(2 2) is known (user will be asked
[the value of Kd matrix{2,3) is known (user will be asked
[the value of Kd matr1x(3 3) is known (user will be asked

[Kd_matrix type is symmetric]

[Kd{2,1)=Kd(1,2)]
[Kd(3,1)=Kd(1,3)]
[Kd(3,2)=Kd(2,3)]

[cross-coupling_between_axes for proportional control is
desired]

[the Kp_matrix is not symmetric]

[the value of Kp_matrix(1,1) is known (user will be asked)]
[the value of Kp_r  matrix(1,2) is known (user will be askedga
[the value of Kp_matrix(1,3) is known (user will be asked
Lthe value of Kp_matrix(2,1) is known (user will be asked;]
[the value of Kp_matrix(2,2) is known (user will be asked)]
[the value of Kp_matrix(2,3) is known (user will be asked)]
[the value of Kp_matrix(3,1) 1s known (user will be asked)]
[the value of Kp_matrix(3, 2; s known {user will be asked;]
[the value of Kp_matrix(3,3 known (user will be asked

[Kp_matrix_type is regular]

[cross-coupling_between_axes for differential control

is desired]

[the Kd_matrix is not symmetr1c]

[the vaTue of Kd _matrix(1,1) is known (user will be asked)]
[the value of Kd_matrix(1,2) is known (user will be asked;]
[the value of Kd_matrix(1,3) is known (user will be asked)]
[the value of Kd_matrix(2,1) is known (user will be asked)]
[the value of Kd matr1x(2 2) is known (user will be asked)]
[the value of Kd_matrix(2,3) is known (user will be askedg]
[the value of Kd_matrix(2,3) is known (user will be asked)]
[the value of Kd matr1x(2 3) is known (user will be asked;]
[the value of Kd “matrix(3,1) 1s known (user will be asked)]
[the value of Kd’hatr1x§3 »2) is known &user will be askedg]

[the value of Kd matrix(3,3 is known (user will be asked

THEN [Kd matrix_type is regular]
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Rule_18: IF [the Kp matrix type is diagonal]

and [the Kp_1  matrix has equa] diagonal terms]
or [the Kp_matrix_type is diagonall
and [the Kp matrix has unequa1 diagonal terms])
or [the Kp_matrix_type is symmetric]
or [the Kp_matrix_type is regular]
THEN [Kp_matrix is fulll

Rule_19: IF [the Kd_matrix_type is diagonal]

and [the Kd_matrix has equal diagonal terms]
or [the Kd_matrix_type is diagonall
and [the Kd_matrix has unequal diagonal terms]
or [the Kd_matrix_type is symmetric]
or [the Kd_matrix_type is regular]
THEN [Kd matrix is full]

Rule 20: IF  [the Quaternion is wanted by the user]
and [the value of roll angle is known]
and [the value of pitch_: angle is known]
and [the value of yaw ang]e is known]

THEN [the Quaternion is initialized]
and [initial value of theta for all axes to be 0.0 is wanted]
ELSE [the Quaternion is initialized]
Rule_21: IF [initial value of theta for all axes to be 0.0 is wanted]
THEN [the value of tcontrol 1 is true]
and [theta_x = theta_y = theta_z = 0.0]

Rule 22: IF  [initial value of theta for all axes to be equal is wanted]

and [the value of theta_x is known]
THEN [the value of tcontrol_2 is true]

and [theta_y = theta_x]

and [theta_z = theta x]

Rule_23: IF [initial values of theta for all axes to be unequal is wanted]
and [the value of theta_x is known]
and [the value of theta_y is known]
and [the value of theta_z is known]

THEN [the value of tcontrol_3 is true]

Rule_24: IF [the value of tcontrol_l is found to be true]
or [the value of tcontrol_2 is found to be true]
or [the value of tcontrol_3 is found to be true}

and  [the value of ocontrol_l is found to be true]
or [the value of ocontrol_2 is found to be true]
or [the value of ocontrol_3 is found to be true]
THEN [the Y matrix is fulll
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Rule 25: IF

THEN
and

Rule_26: IF
and

THEN
and
and

Rule_27: IF
and
and
and

THEN
Rule_29: 1IF
THEN
2) run_rb:
Rule_1: IF
and
or
and
THEN

Rule_2: IF
and

THEN

ELSE
and

[initial value of omega for all axes to be 0.0 is wanted]

[the value of ocontrol 1 is true]

‘[omega_x = omega_y =omega_z = 0.0]

[initial values of omega for all axes to be equal is wanted]
[the value of omega x is known]

[the value of ocontrol_2 is true]

[omega_y = omega_x]

[omega_z = omega_x]

[initial values of omega for all axes to be unequal is wanted]
[the value of omega x is known]

[the value of omega_y is known]

[the value of omega_z is known]

[the value of ocontrol_3 is truel

[integration method selected is Euler]

[the value of error is 0.0]

[response type chosen is step response]

[the value of Tfinal has been found]

[response type chosen is frequency response]
[the user wants to run the simulation program]

[run the simulation program]

[response type chosen is step response]
[user 1ikes the calculated value of Tfinal])

[the value of Tfinal has been found]

[ask user to provide his value for Tfinal]
[the value of Tfinal has been found]

3) output_display_rb:

~A11 rules in this rule_base are of the same form viz

IF

THEN

[user wants to observe a particular output from
the simulation program]

[display that output on the screen]

4) disp_init_val_rb:

A1l rules in this rule_base are of the same form viz

IF
THEN

fuser wants to observe the value of a particular parameter]

[display the value of that particular parameter on the screen]
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5) change param rb:

A1l rules in this rule_base are of the same form viz

IF
THEN

and

[user wants to change the value of a particular parameter]

[ask the user to provide his value for that particular
parameter]

[set that particular parameters value to the value given
by the user]

6) change matrix rb:

Ru]q_}:

IF

THEN
and

7) stage 1 rb:

Rule_1:

Ru]e_?:

Rule_3:

Rule_4:

Rule_5:

Rute_6:

Rule_7:

IF
and
THEN

IF
and

THEN

IF
and

THEN
IF
and

THEN

and

THEN

IF
THEN

IF

[user wants to change the value of an element of a matrix]
[ask user for row column and valuel

[set the element in the given row and column to the
given value]

[user wants to observe outputs generated by the simulation
program]
[simulation run has been successful]

[display a menu of the various outputs generated by the
simulation]

{user wants to run the simulation program]
(a1l simulation parameter values are known]

[run the simulation program]

[user wants to observe values of parameters]
fal1 simulation parameter values are known]

[display a menu of the various parameters known to NESS]
[user wants to store parameter values in the database

of NESS to a file]

[a11 simulation parameter values are known]

[store parameter values to file whose name is supplied
by user]

fuser wants to run the simulation program]
[a11 simulation parameter values are not knownl]

[display message saying user cannot run simulation program]
[user wants to set parameter values to default values]

[set parameter values to values found in file whose name
is supplied by user]

[user wants to change values of parameters]
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Ru]q_Bi

Rule_9:

Ru]q_;o:

Rule_11:

Rule_12:

Rule_13:

and
THEN

IF
and

THEN

IF
and

THEN

IF
and

THEN

and

THEN

IF
and

THEN
IF
and

THEN

8) user_rb:

Rule_1:

IF
THEN

ELSE

[a11 simulation parameter values are known]
[display a menu of the parameters known to NESS]

[user wants to set up parameter initial values]
(a1l simulation parameter values are known]

[run the user_rb]

[user wants to observe the outputs generated by the
simulation program]
[the simulation run has not been successful]

[display a message telling the user that outputs cannot
be displayed]

[user wants to change values of parameters]
[all simulation parameter values are not known]

[display a message telling the user that parameter values
cannot be changed]

[user wants to observe values of parameters]
[all simulation parameter values are not known]

[display a message te]]ini the user that he cannot observe
the values of parameters

[user wants to set up parameter initial va]ues}
[a1l simulation parameter values are not known

[run the value_input_rb]

[user wants to store parameter values in the database of
NESS to a file] _

(a1l simulation parameter values are not known]

[display a message telling the user that parameter values
in the database of NESS cannot be stored in a filel

[user wants to change current response typel

[all current parameter values will be saved and user
will be prompted for a new response typel

[a1l current parameter values except the response type
will be deleted from the database of NESS]
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APPERDIX B
NESS PROGRAMMER'S MANUAL

FRAMES USED IN NESS

There are two types of frames used in NESS, static frames and dynamic
frames. Static frames contain time invariant ksowledge while dynamic
frames created either by rule-bases or by the menu-input stage contain
dynamic knowledge.

Static Frames

A 1list of all static frames used in NESS is available in the frame
named “file index" and slot named "frames." This frame is present in the
file simxpert.l. Static frames store rule-bases, menu input control
knowledge, agendas, system specs, param specs and static data. Contents of
each static frame can be found in the computer listing of NESS given in
Appendix D. A brief description of the static data frames used in NESS
follows. The three data frames used in NESS are: top_level menu,
output_display_menu and param menu.

top_level _menu

This frame contains the top level menu of NESS i.e., the eight main
functions of NESS. This frame looks as follows.

(top_level menu
(Exit to GENIE)
(Set up initial parameter values)
(Run simulation program)
(Display current parameter values required for simulation)

fStore current parameter values in a disk-file))
This frame is used by the menu_input frame top_level_control.
output display menu

This frame contains the menu of the outputs that can be generated by
FORTRAN simulation program. This frame looks as follows.

(output_display_menu
(Return to TOP LEVEL MENU)
(Plot of omega)
(P1ot of theta)
(Numerical output generated by simulation))

This frame is used by the menu_input frame output display control.
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param menu

This frame contains a menu of all parameters known to NESS. It con-
tains eighteen parameter names like T0, Tfinal, Kp matrix etc. This frame
lTooks as follows.

(param_menu
(Return to TOP LEVEL MENU)
(Response type)
(T0)
(Tfinal)

ESteady state error))

This frame is used by the menu input frames disp_init val_control and
change_param control. - -

Dynamic Frames

As mentioned earlier, dynamic frames store data obtained during an
interactive session with NESS. The main purpose of these frames in NESS is
to store values of parameters required by the simulation software. The
frames used to store parameter values are initial value, Kp, Kd,
inertial matrix, Quaternion, Y matrix and response chosen. Attributes
about the parameters are stored in the frames Kp matrix, Kd matrix,
inertial mat and controller type desired. A 1listing of these frames
created during a session with NESS can be found in Figure B.l. All the
above mentioned frames are created by the value input rb rule-base.

initia]_ya]ue

This frame stores values of parameters which are scalar in nature. It
also stores some attributes concerning these parameters and some control
knowledge required for an ordered firing of the rules in the backward-
chained rule-base value input_input rb. The parameter values are stored in
slots having the name of their respective parameters. The value of TO is
stored in the slot TO, the value of deltaT is stored in the slot deltaT
and so on. Attributes about parameters are stored in slots like
frame full, quaternion initialized, init theta=0 wanted, etc. Control
knowledge for ordered firing of rules are stored in slots 1like
first step found, second step found, tcontrol 1, ocontrol 1, etc. This
frame is used by the disp_init val_rb, run_rb, change param rb and user_rb
rule-bases.

Kp Kd and inertial_matrix

These three frames are similar to each other, each containing the
values of the controller or inertial matrix it is named after. Since all
the three matrices contain nine elements, each of these frames contain
nine slots, each slot corresponding to a unique element in the matrix. For
example slot (1 2) corresponds to the element in the first row and second
column of the matrix. These frames are used by the disp init val rb and
change_param rb rule-bases. - - 7
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(Kp ((1 2) (0.0))
(1 3) (0.0))
(2 1) (0.0
(2 3) (0.0))
((3 1) (0.0
(3 2) (0.0))
(1 1) (1))
(2 2) (1))
(3 3) (1))

(Kd ((1 2) (0.0))
({1 3) (0.0
((2 1) (0.0))
(2 3) (0.0))
((3 1) (0.0))
((3 2) (0.0))
(1 1) (1))
(2 2) (1))
(3 3) (1)))

(inertial_matrix ((1 1) (1)

(3 3
(2 2) (1)
(1 2) (0.
((1 3) (0.0))
({2 1) (0.0))
(2 3) (0.0))
(3 1) (0.0))
_ (3 2) (0.OM)
(Kp_matrix (matrix_type (diagonal))
(equal_diagonal_terms (true))
(matris_+ull (true)))
(Kd_matrix (matrix_type (diagonal))
(equal_diagonal_terms (true))
(natrix_+ull (true)))

(inertial _mat (matrix_full (true)))

(controller_type_desired (proportional (yes))
(prop_cross_coup_bet_axes (no})
(same_proportional_control_for_all_axes (yes))
(derivative (yes))
(diff_cross_coup_bet_axes (no))
(same_differential_control_¢for_all_axes (yes)))

(response_chosen (response_type (!Frequency rTesponsel)))

(quaternion (uwanted_by_user (no)))

(injitial_value (quaternion_initialized (true))
(integration_method (Euler))
(aris_of_input_command (X))

(TO (0))

(error (0.0))

(init_theta=0_wanted (yes))
(¢tcontrol_1 (true))
(init_omega=0_wanted (yes))
(ocontrol_1 (true))

(V_ratrix_full (true))
(first_step_found (true))

(deltaT (0.01))
(steady_state_error (2))
(fFrane_full (true))

(Tfinal (10.0))

(anplitude (1))
(ini¢_frequency_value (0.0159154))
(nunber_of_samples_per_period (256))
(nyrber_of_decades (3))

(nunber_of_sampling_srequency_per_decade (3))
(phase (0))
(secand_step_found (true)))
(Y_matrix (theta_» (0.0))
(theta_y (0.0))
(theta_z (0.0))
(omega_» (0.0))
(omega_y (0.0))
(omega_1 (0.0)))

ii An example of dynamic frames created by NESS,

Figure B.1



Kp_matrix Kd matrix and inertial _mat

These frames contain attributes about the controller or inertial
matrix they are named after. This is done by using slots 1ike matrix_type,
matrix_full, equal_diagonal_terms, etc.

controller type desired

This frame contains attributes about the type of controller desired
by the user. This is done by using slots 1like proportional, derivative,
etc.

response_chosen Quaternion Y matrix

A1l these three frames store initial values. The first stores the
type of response chosen by the user, the second stores the initial values
of the Quaternion and the third stores initial values of the angular
position and the angular velocity. These frames are used by the
disp_init_val_rb and change param rb rule-bases.

In addition to these frames, four other frames are also created to
store certain choices indicated by the user. They are top level choice,
output display choice, disp_init _val_choice and change param choice.

top_level_choice

This frame stores the choice made by the user from the TOP LEVEL MENU
of NESS. It is created by the top level_agenda frame and is used by the
stage 1 rb rule-base. It Tooks as foTlows.

(top_level choice
(top_level_menu
(Run simulation program)))

output display choice

This frame stores the choice made by the user from menu of outputs
generated by the simulation program. It 1is <created by the
output display_agenda frame and is used by the output display rb rule-
base. Tt looks as follows.

(output_display choice
(output display menu
(P1ot of omega)))

disp_init _val_choice
This frame stores the choice made by the user from the menu of
parameters known to NESS, for the purpose of displaying the value of the

chosen parameter. It is created by the disp init val agenda frame and is
used by the disp_init _val_rb rule-base. It Tooks as foTlows.

B.3



(disp_init_val _choice
(param menu

~(70)))

change param choice

This frame stores the choice made by the user from the menu of
parameters known to NESS, for the purpose of changing the value of the
chosen parameter. It is created by the change param agenda frame and is
used by the change param rb rule-base. It looks as Tollows.

(change_param choice
(param_menu
(deltaT)))

Another frame called "user" is used in NESS to describe certain
events and to store some attributes. This frame is created by the run rb
rule-base and is used by the stage 1 rb rule-base. It looks as follows.

(user
(simulation run
(error free))
(1ikes_Tfinal_value
(yes)7)

DEMONS USED IN NESS

Demons are special purpose FRANZ LISP functions written to perform
specific tasks incapable of being performed by GENIE. Demons are also used
to perform tasks for which GENIE techniques might prove to be inefficient
from the point of execution time, programming time and memory use. A brief
description of the demons used in NESS follows.

Demons Present in File DEMONOO.1

starg_;im

This demon is used to run the FORTRAN-based simulation program in the
FRANZ LISP environment.

store values_in_lisparray from frame

This demon is used to store values in a FRANZ LISP array from a frame
created by NESS.

printarray
This demon is used to display the values of an array or a matrix on

the screen, with each row of the array displayed on one 1line on the
screen.
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load eigen values_in_frame

This demon calls a fortran function to calculate the eigenvalues of
the system matrix. It then stores these eigenvalues in a frame. An heuris-
tic about calculating Tfinal is also incorporated in this demon.

frequency output display

This demon is used to display some of the outputs generated by the
simulation program in case a frequency response is simulated.

clear _display

This demon is used to clear the screen.

delim display

This demon is used to print certain characters on the screen.

Demons Present in File DEMONO1.1

setup_init val_in simula.inp

This demon 1is used to store in a file the parameter values in the
format required by the simulation program. The simulation program gets its
input data from this particular file.

Demons Present in File DEMONO2.1

confirm

This demon is used by the matrix_change rb rule-base to acquire
information from the user.

change

This demon 1s used by the matrix change rb rule-base to change the
value of an element of a matrix.

change_quaternion
This demon is used to change the initial values of the Quaternion.

Demons Present iﬂvFi1e DEMONO3.1

start & iterate

This demon is used to keep NESS in operation at its TOP LEVEL MENU
until the user decides to exit from NESS by using option "Exit to GENIE"
provided on the TOP LEVEL MENU.

Toop

This demon is used to keep NESS at one of its secondary menu stages
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j.e., the output display menu used to select a simulation output for
display or the param menu used to either display or change the values of
parameters. The user can go to the TOP LEVEL MENU by using the option
“Return to TOP LEVEL MENU" present on these secondary menus.

storage of initial_values

This demon is used to perform function 8 of the TOP LEVEL MENU i.e.,
“store current parameter values in a disk file."

change Y matrix

This demon is used to change the values of initial angular velocity
and the initial angular position.

Demons Present jg_Fi1e DEMONARﬂl

array_access_from frame

This demon takes as arguments a name of an array or a matrix, a row
number and a column number and returns a path to a frame containing ele-
ments of that particular array, down to the slot for that particular row
number and column number.

store values in frame from lispvector

This demon 1is used to store values from a FRANZ LISP vector to a
frame created by NESS.

Demon Present jg_Fi]e LISPRC.1

ness

If you have exited to GENIE level after a session with NESS, running
this demon from FRANZ LISP will enable you to come under the control of
NESS without having to go back to the operating system level.

Coupling GENIE and the Simulation Software Using VAX 11/780 and FRANZ LISP

NESS is an expert system which utilizes the GENIE system as its
inference engine. GENIE is documented elsewhere [GENIE Ref Manual] and is
written in FRANZ LISP which is a LISP dialect designed for the UNIX
operating system environment. FRANZ LISP provides a number of ways that a
LISP process such as NESS can implement operating system calls. These
calls allow NESS to do things 1like write a disk file containing the
parameters that the simulation program needs, cause its execution and read
the output files it creates as illustrated in Figure .

The most straightforward utilization of a system call is simply to
include a FRANZ LISP function "“exec" [Franz Manual CH 4] to cause the
execution of a standard UNIX command, directly in a rule clause. For
example output display rb rule6 checks the precondition that insures that
the simulation program has run and that the user wants to see a plot of
theta which the simulation program would have deposited in a disk file
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called “thetaOplt.stp.” The 'then' side of the rule looks as follows:
($then (exec cat thetaOplt.stp)).

This causes the UNIX "cat" command to execute which simply copies the

named file (thetaOplt.stp) to the user's terminal.

A slightly more involved method is to write a demon (i.e., a special
purpose LISP function) to perform some specific operation which may in-
volve one or more calls to UNIX system functions. For example, a demon
named “setup init val in simula.inp” calls the system functions
"fileopen,” "cTose,™ and "cprintf" [see Franz Manual] which does formatted
file write operations. This demon is called by run rb rulel.

This rule also calls the demon "start sim" which uses the FRANZ LISP
function “process" [Franz Manual CH 6] to fork a child process which is
the actual execution of the simulation program. The code for the rules and
the demons is listed in Appendix D.
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APPENDIX C
THEORETICAL BACKGROUND ON QUATERNION

1. INTRODUCTION

This appendix reviews the concepts and properties related to
Quaternion. The definition and the algebra of Quaternion are covered in
the following sections.

2. DEFINITION

In his classical book entitled Elements of Quaternions, Sir W. R.
Hamilton defined Quaternion as

"In fact it will be shown .... that there is an important
sense in which we can conceive a scalar to be added to a
vector; and that the sum so obtained, or the combination,
‘Scalar plus Vector,' is a Quaternion.” (Hamilton)

Throughout his book other definitions related to Quaternions can be found,
where geometrical relations in the cartesian plane and space are involved.
For example, Hamilton pointed out that

"this essential connection of the complex relation between
two lines, and which we have given the name of a geometrical
quotient, with a system of four numerical elements, we have
a motive for saying that the quotient of two vectors is
generally a Quaternion."

Thus, we can expect from such a concept a variety of possible defini-
tions for various applications. For example, a most widely used definition
found in the aerospace literature states that

“a Quaternion is a four-parameter system for uniquely
specifying the attitude of a rigid body with respect to some
reference frame." (Grubin)

The applicability of Quaternions to the solution of digital attitude
control problems which involve transformations among different coordinate
systems offers some advantages over the equivalent direction cosine solu-
tion (Ickes). As an example, let us consider the Space Telescope Pointing
Control System (Glaese, et al.). The initial design was changed in 1974 to
reduce program cost. They include: 1) moving the annular Support Systems
Module components nearer to the composite center of mass; 2) elimination
of the 1Image Motion Compensation system; 3) employment of four reaction
wheels instead of single-gimbal control moment gyroscopes; and 4) perfor-
mance of the emergency and backup functions by a magnetic torquer system.
Significant cost reduction was obtained through the selection of reaction
wheels as primary controllers and magnetic torquers as auxiliary actuators
for momentum management and backup to the primary controllers in case of
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failures. For overall system simplicity, strapdown integration is done in
terms of the Quaternion, i.e. relative four parameter attitude variables.
The advantages for using the Quaternion were summarized as:

1. a single algorithm for all attitude control modes;

2. small vehicle attitude errors at all times;

3. continuous updating of the strapdown calculation through a drift rate
correction added to the reference frame rate; and

4. easy shaping of maneuver, scan or other rate profiles.
In the following, basic algebraic manipulations of Quaternions are

described.

3. ALGEBRA OF QUATERNIONS

An extension of the previous definitions on the Quaternion may state
that the Quaternion is a generalization of the set of complex numbers for
the study of rotational motion (Glaese and Kennel). The mathematical
expression for a Quaternion Q is given by

Q= [Ql Qz Q3 Q4] = (g 04) = Q + 101 + jQZ + kQ3 (C-1)

where Q represents the vector part or imaginary part of the Quaternion, 04
the real or scalar component, and

i=v/1,§ =71, k= V-1 (c-2)

3.1 SUM OF QUATERNIONS

Let Q and R be Quaternions. Then, the sum of Q and R, called S, is
given by:

=Q+R=1(00Q,) + (RRy) = (55,) (c-3)
where,
S =0 +R=1(0+R;) + J(Qy*R;) + k(Q3*R5) (c-4)
and
- C-5
S.= Oy *Ry (c-5)

Therefore, the sum of Quaternions is commutative and associative.

3.2 PRODUCT OF QUATERNIONS

Because a vector and a real number are related to a Quaternion, the
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following conditions are satisfied (Hamilton):
i*i = j*j = k*k = -1 (c-6a)
and |
ixj=k,jxk=1, kxi=]j (C-6b)

The product of two Quaternions is then defined as follows:

PQoR=(Q0Q,) o (RRy) = (PP,) (€-7)
where
£=045+R4g+gxg (Cc-8)
and
Pp=QRa-Q-.R (c-9)

In the above equations, (.) and (x) represent the dot and cross product,
respectively.

From equations (C-8) and (C-9) we observe that the (o) product is
associative and distributive, but it is not commutative.

3.3 CONJUGATE OF QUATERNIONS

The conjugate of a Quaternion Q is given by:

Q= (101 + JQZ + kQ3 + 04)* = 04'101 - JQZ - kQ3 (C-].O)

3.4 INVERSE OF A QUATERNION

By combining definitions (C-7) and (C-10) we can define the inverse
of a Quaternion. First let us consider

Q 0 Q* = Q* o Q = Q1% +02% +q3% + q4? (C-11)
" then, the inverse of the Quaternion Q, Q('l), is given by:
1 1
Qg = [ ------ 1.0Q%= --m- (c-12)
(Q* o Q) Q* 0 Q

3.5 TRIPLE PRODUCT OF QUATERNIONS

In order for us to study rotational motions in the three-dimensional
space, we have to define the triple product of Quaternions, V'. The triple
product is given by:

Vi=Q*oVoQ (€C-13)
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This expression does not mix scalar and vector parts. For the vector part
note from equation (C-13) that

(V')*=(Q*oVoQ)*=0*0oV*0Q=-Q*0oVoQ-=-V' (C-14)

3.6 LENGTH OF VECTORS

From the previous results, we can find the length of a vector as
follows:
] [} [} [} ]
V2= =V o) =

(Q*oloq)o(Q*oloo)“r
* * *x*

(Q oYoQlo(Q oV 00Q)
* * *

Q oVo(QoQ)oV oQ-=
*x 2 *

(Q oQ)" YoV

(C-15)

It can be concluded that the length of a vector V is multiplied by the
factor (Q* o Q) , which is a real number. Thus, from equation (C-15) we
notice that the length of a given vector V' in the prime coordinate frame
is related to the norm of the vector V by —

V'] = (q o Q"2 |v|? (c-16)

4. VECTORIAL ALGEBRA OF QUATERNIONS

This section provides a closer look at the vectorial algebra of
Quaternions.

4.1 NORMALIZATION

*
The real number (Q o Q) is defined as the "common norm" (Hamilton).
It can be assumed without loss of generality that

*o0Q=1 (c-17)

and the concept of normalized Quaternions is introduced. Equation (C-1) is
equivalent to the following expression:

Q = cos(@/2) + sin(@/2) . u (c-18)
where real and 1maglnary parts of the Quaternion are distinguished, and

the vector u is an unitary vector (i.e., u . u =1 ). Equation (C-18)
preserves the vector length.
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4.2 ROTATION OPERATOR

From previous results, the rotation of a vector around another vector
with some angle may be found using Quaternions. Substituting (C-18) into
(C-13), we get

1
V. =C0S(@) . V+ SIN(@) . (u x V) + [1-COS(@)(u . Y)u  (C-19)
|
which is the general expression of a rotation of a vector V around the
axis of the unitary vector u, with an angle of rotation 8.

Equation (C-19) is the same expression as the general rotation trans-
formation

Rot( i é) = kzkyversg + k, s?n ¢ kykyversp+cos¢ k,kyversd — k.sing 0| (C-20)
! kzk,vers¢ — kysing kyk,vers¢ + k;sing  k,k,vers¢ + cos ¢ O
0 0 0 1

The vector V' is obtained by multiplying the matrix Rot(k,@) with V.
For details, see (Paul) or (Glaese & Kennel).

4.3 TIME-RATE CHANGE OF A VECTOR

The rate of change of the norm with respect to time is obtained by
taking derivatives of equation (C-17):

a/dt(Q o) = () 0Q+0"0Q=0 (c-21)

From this equation it is shown that

00=-0"00=-(Q o (c-22)

which represents a particular vector. Let

Q" 0Q=1/2w (c-23)
Premultiplying this equation by Q, we obtain

6 =1/2Qow
The evaluation of the rate of change of a vector with respect to time

in two reference frames is performed in the following way: :

d/dt(¥) = d/dt(Q o 1' 0Q) =
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°* ! * 1 * ' o %k
=QoV oQ +Qod/dt(V oQ)+QoV o0Q (c-25)
Substituting d/dt(Q) and d/dt(Q*) obtained from equation (C-24) into
equation (C-25), the rate of change of the vector v is
] [}
d/dt(v) = Q o [d/dt(V) +wxVIoQ (c-26)

In this equation w is identified as the relative angular velocity of the
primed axes with respect to the unprimed (Glaese & Kennel).

The differential equation represented in equation (C-24) is known as

the ‘"Quaternion-rate equation" (Grubin). In the next section, a more
detailed treatment of this equation and its implications are presented.

5. MATRIX ALGEBRA OF QUATERNIONS

The matrix representation of a Quaternion turns out to be a more
convenient way of representing various Quaternion operations. For example,
equation (C-7) defined the Quaternion product as

QR + R,Q+Q xR
P=QoR=( &+ ¥ =77 (C-27)
QRy -2 - R

which can also be written as

Wy 03 0 0 Ry
+Q, +Q, -Q, +Q R ~
P=QoR= 3 4 1 2 2 =QR (C-28)
-0, 0 Q4 03 (| Ry

-0, -0, -03 +Q Ry

This representation clearly shows that the matrix Q satisfy Quater-
nion properties and comprises "a matrix representation of Quaternion
algebra with matrix multiplication corresponding to (o0)" (Glaese &
Kennel). The product in equation (C-28) can be also expressed in the
alternate form:
+R

+R -R

4 YRy Ry Ry {1 Qy
-Ry Ry Ry Ry 11 O
Ry Ry Ry Ry 1 0

(C-29)

-
1
]
n
o

-R

1 “Rp Ry Ry (| Qy
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Therefore we can show that:

P=QR=RQ (c-30)
D=AoBoC=(AoB)oC=(RoB)C=ABC=
== = = (C-31)
=CBA=ACB=CAB
BoC=CB (Cc-32)
Hence A E =C A, which is a very useful result.

5.1 QUATERNION-RATE EQUATIONS

‘ In Section 4.3 the rate change of a vector V and the Quaternion-rate
_equations were derived. In this section, by applying some of the Quater-
nion matrix operations to them, more convenient representations will be
derived.

First, let us consider equation (C-19) in product form:
* ~k ~ ~% =
¥'=Q oVoQ=0Q VQ=0 QY (c-33)
1
Vectors V and V in the three-dimensional space are related through
[}

V=MV (C-34)

where M is a direction cosine matrix and is a 3x3 matrix which transforms
V coordinates to the primed coordinates V' by means of Q, i.e.,

M=0Q" Q (c-35)
Referring now to equation (C-19) and substituting @ by -@, we have
M=uul - sin(Plu+ cos(PILI - u u'] (c-36)

The matrix u is called the “cross product matrix" (Glaese & Kennel) and is
formed by dropping the final row and final column of u. The identity
matrix is represented by I and its dimension depends on the current im-
plementation.

Solving equation (C-35), the expanded form of the direction cosine

matrix is given in terms of the Quaternion parameters by (Glaese &
Kennel):

0,%-0,70340," 20 004050 ) 20 Qy03-050, )
M= | 20007040, ) -0,%40,%-0,%40,% 20 0,05+0;Q, ) (c-37)
20 05004000 ) 20 00,-0,0, ) -0,%-0,%+0,%+q, 2
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Finally, the Quaternion-rate equations are expressed in matrix form as
0 Wy W, Wy Q1
-W3 0 ) W, 02

Q=1/2Qow=1/2wQ=1/2 (c-38)
Wy Wy 0 Wy ) Qg
Wy =Wy -Wg 0 04
or
W 0 W
+Q, +Q, - W.
Q=1/2Qow=1/2Qw=1/2 | 3 4 Uil e (C-39)
U Yy Yy |
-Ql "02 '03
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(change_param_rb (if_romoved (d_remove_rules))

(created_by (samir))

(created_on (12_23_8S31))

(rules (change_param_rb_rulel)
(change_gparam_rb_ruled)
(change_param_rbd_rule?)
(change_param_rb_rulel0)
(change_param_rbd_rulell)
(change_param_rb_rulel2)
(change_param_rb_rule13d)
(change_param_rb_rulel7)
(change_param_rb_rulel8)
(change_param_rb_rule3d)
(change_param_rb_rule3)
(change_param_rb_ruleid)
(change_param_rb_ruleld)
(change_param_rb_rulels)
(change_param_rb_vrule?)
(change_param_rb_rules)
(change_param_rb_rule8)
(change_param_rb_ruleld)
(change_param_rb_rule))

(params_in_1ifs

(change_param_choice

(param_menu
(rule (change_param_rd_rulel)
(change_param_rb_ruled)
(change_param_rb_rule?)
(change_param_rb_rulet0)
(change_param_rb_rulell)
(change_param_rb_rulel2)
(change_param_rb_rule13d)
(change_param_vb_rulel?7)
(change_param_rb_rulelB8)
(change_param_rb_ruled)
(change_param_rb_ruled)
(change_param_rb_ruletd)
(change_param_rb_ruleld)
(change_param_rb_ruleld)
(change_param_rb_rule7)
(change_param_rb_ruleb)
(change_param_rb_rule8)
(change_param_rb_rulel?)
(change_param_vrb_rule2))))))
(change_param_rb_rulel (Stype (ifall))

(8if (triple (change_param_choice param_menu) = TO))

(created_by (samir))

(created_on (12_27_831))

($then (frem ‘(initial_valve T0))
(delim_display)
(clause_print)
(clauvse_print

{Enter nesw value of starting time (TO): 1)
(msg " 5> *)
(fput ‘(initial_value TO) (read)))
(modified_by (lJuan J. Rodriguet & Bor~Jau Hsiehl!))
(moditied_on (16_14_831)))
(change_param_rb_ruled ($type (ifall))
($i¢
(triple (change_param_choice param_menu)



M ° jMulti-step integration error!))
(created_by (samir))
(created_on (12_27_8%1))
($then (frem ‘(initial_value error))
(delim_display)
(clause_print)
(clause_print
IEnter new value of multi-step integration errvor:l)
(msg “ 25> ")
(fput ‘(initial_value ervor) (read))) .
(modified_by (lJuan J. Rodrlgucz & Bor-Jau Hsieh!))
(modified_on (16_14_831)))
(change_param_rb_rule? ($type (ifall))
(8i¢
(triple (change_param_choice param_menu)
=

1Amplitude of input wave signall))
(created_by (samir)) )
(created_on (12_27_8%1))
($then (frem ‘(initial_value amplitude))

(delim_display)

(clause_print)

(clause_print

IEnter new value of amplitude of the input wave signal:!)

(msg " 2> ")

(fput ‘(initial_value amplitude) (read)))
(modified_by (!Juan J. Rodriguez & Bor-Jau Hsieh!))
(modified_on (16_14_831)))

(change_param_vrb_rulel0 (stype (ifall))
(sif
(triple (change_param_choice param_menu)
-

iInitial lowest frequencyl!))
(created_by (samir))
(created_on (12_27_831))
($then (frem
‘tinitial_value init_frequency_value))
(delim_display) :
(clause_print)
(clause_print
{Enter new value of initial lowest frequency:!)
(msg * 5> ")
(fput ‘(initial_value init_frequency_value)
(read)))
(modified_by (iJuan J. Rodriguez & Bor-Jau Hsishi))
(modified_on (16_14_851)))
(change_param_rb_rulell (Stype (ifall))
(sif
(triple (change_param_choice param_menu)
-

iNumber of decades!))
(created_by (samir))
(created_on (12_27_8351))
(sthen (frem ‘(initial_value number_of_decades))
(delim_display)
(clause_print)
(clause_print
{Enter new value of number of decades:!)
(msg “ >> ")
(fput ‘(initial_value number_of_decades)
(read)))



(change_param_rb_rulel2

(change_param_rb_rulel3

(change_param_rb_rulel?

(change_param_rb_rulelB

*{modified_by (!Juan J. Rodriguez & Bor-Jau Hsieh!l))
(modified_on (16_14_8%1)))

($type (ifall))

($i¢

(triple (changa_param_choice param_menu)
=

I{Number of sampling frequencies/decadel))
(created_bdy (samir))
(created_on (12_27_851))
($then (frem
‘(initial_value
number_of_sampling_frequency_per_decade))
(delim_display)
(clause_print)
(clause_print

|Enter new value of number of sampling frequencies per decade:!)

(msg ¥ S>> ™)
(fput ‘(initial_value .
number_of_sampling_frequency_per_decade)
(read)))
(modified_by (lJuan J. Rodriguer & Bor-Jau Hsiehl))
(modified_on (146_14_851)))
(Stype (ifall))
($if

(triple (change_param_choice param_menu)
-

iPhase of input wave signall))
(created_by (samir))
(created_on (12_27_831))
(sthen (frem ‘(initial_value phase))
(delim_display)
(clause_print)
(clause_print
IEnter new value of phase of the input wave signal:!)
(msg " 5> ") )
(fput ‘(initial_value phase) (read)))
(modified_by (lJuan J. Rodriguez & Bor-Jau Hsieh!))
(modified_on (16_14_831)))
(Stype (ifall))
(si¢
(triple (change_param_choice param_menu)
-

lAmplitude of impulsel))
(created_by (samir))
(created_on (12_27_8951))
(sthen (frem ‘(initial_value impulse_amplitude))
(delim_display)
(clause_print)
(clause_print
{Enter new value of amplitude of impulse: )
(msg “ D> ")
(fput ‘(initial_value impulse_amplitude)
(read)))
(modified_by (lJuan J. Rodriguez & Bor-Jau Hsieh!))
(modified_on (16_14_831)))
(Stype (ifall))
($i¢
(triple (change_param_choice param_manu)
=

iResponse typel))
(created_by (samir))
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(change_param_rb_rule3

(change_param_rb_ruled

(change_param_rb_rvulelsd

(change_param_rb_rulel$

(created_on (12_27_851))
(sthen (delim_display)
: (clavuse_print)
(clause_print
IThe response type must not be changed from this level, because of!)
(clauvuse_print
{the lack of consistancy checking. Please use option 2 of the TOP!)
(clause_print
{LEVEL MENU to change ‘Response type’.!))
(modified_by (iJuan J. Rodriguez & Bor-Jau Hsieh!))
(modified_on (156_14_831)))
(Stype (ifall))
($if
(triple (change_param_choice param_menu)
=

iDeltaT (time increment)!))
(created_hy (samir))
(created_on (12_27_831))
($then (frem ‘(initial_value deltaT))

(delim_display)

(clause_print)

(clavse_print

{Enter new value of time increment (deltaT):!)

(msg " 2> ")

(fput ‘(initial_value deltaT) (read)))
(modified_by (lJuan J. Rodriguez & Bor-Jau Hsiehi))
(modified_on (16_14_6851)))

(Stype (ifall))

(si¢

(triple (change_param_choice param_menu)
-

{Eteady state ervorl!))
(created_by (samir))
(created_on (12_27_831))
($then (frem ‘(initial_value steady_state_error))
(delim_display)
(clause_print)
(clause_print
{Enter new value of steady state error:|)
(msg " 5> ) .
(fput ‘C(initial_value steady_state_errar)
(read)))
(modified_by (1Juan J. Rodriguez & Bor-Jau Hsiehl!))
(modified_on (16_14_831)))
(stype (ifall))
(sit
(¢riple (change_param_choice param_menu) = IKp Matrix!))
(created_by (samir))
(created_on (12_27_83%1))
($then (delim_display)
(fput ‘(matrix_change matrix) ‘Kp)
(fput ‘(matrix_change desired)
‘yes)
(reset_rule_base ‘change_matrix_rb)
(forward ‘change_matrix_rb))
(modified_by (lJvan J. Rodriguez & Bor-Jau Hsiehil))
(modified_on (16_14_851)))
(stype (ifall))
($i¢
(triple (change_param_choice param_menu) = 1Kd Matrixl))
(created_by (samir))

e € ¢ e € 6



(change_param_rb_rulels

(change_param_rb_rule?

(change_parvam_rb_rulebd

(created_on (12_27_851))
(Sthen (delim_display)
(fput ‘(matrix_change matrix) ‘Kd)
(fput ’‘(matrix_change desired)
‘yes)
(reset_rule_base ‘change_matrix_rb)
(forward ‘change_matrix_rb))
(modified_by (lJuan J. Rodriguez & Bor-Jay Hsieh!))
(modified_on (16_14_831)))
(stype (ifall))
(si¢
(triple (change_param_choice param_menu)
=

iInertial Matrixl))
(created_by (samir))
(created_on (12_27_831))
(Sthen (delim_display)
(fput ‘(matrix_change matrix)
‘inertial_matrix)
(fput ‘(matrix_change desired)
‘yes)
(reset_rule_base ‘change_matrix_rb)
(forward ‘change_matrix_rb))
(modified_by (lJuan J. Rodriguez & Bor-Jau Hsieh!))
(modified_on (16_14_831)))
(Stype (ifall))
(sie
(triple (change_param_choice param_menu) = GQuaternion))
(created_by (samir))
(created_on (12_27_851))
($then (delim_display) (change_quaternion))
(modified_by (lJuan J. Rodriguez & Bor=-Jau Hsieh!))
(modified_on (16_14_831)))
($type (ifall))

(si¢

(triple (change_param_choice param_menu)
=

tInitial values of Omega and Thetal))
(created_by (samir))
(created_on (12_27_835!))
($then (delim_display) (change_Y_matrix))
(modified_by (lJuan J. Rodriguez & Bor-Jau Hsiehl))
(moditied_on (16_14_8%1)))



(change_param_rb_ruleB (Stype (ifall))
(created_by (samir))
(created_on (12_27_831))
($if
(triple (change_param_choice param_menu)
-

IFrequency deltaT!))
($then (frem
‘tinitial_value frequency_deltaT))
(delim_display)
(clause_print)
(clause_print Enter
new
value
of
Frequency
deltaT.)
(clause_print

IEnter from the follo i
(mog o' STo? wing values 256 or 512 or 10241)
(fput ‘¢initial_value

frequency_deltaT)
(read)))
(modified_py (samivr))

(modified_on (18_1_851)))



| W

(change_param_rbd_rulel? (stype (ifall))
(sif
(triple (change_param_choice param_menu)
=

1Axis of input command!))
(created_by (iSamir, Andy, and Juan!))
(created_on (16_15_831))
($then (frem
‘tinitial_value axis_of_input_command))
(delim_display)
(clavse_print)
(clause_print
1Enter the new value for ‘Axis of input command !}
(clavse_print
iThe only values possible are X Y Z or none!l)
(clause_print
IEnter X ¥ or Z (upper case only) or ‘none’ (lower casell!)
(msg " D> %)
(fput ‘(initial_value axis_of_input_command)
(read)))
(modified_by (samir))
(modified_on (1&6_24_6%1)))
(change_param_rb_rule2 (stype (ifall))
($if (triple (change_param_choice param_menu) = Tf#inal))
(created_by (samir))
(created_on (12_27_831))
(Sthen (clause_print
1You can change the value of Tfinal when you run the simulation programt)
(clause_print
lusing option 3 of the TOP LEVEL MENUI})
(clavse_print
iNo change in value of Tfinal is possible now!))
(modified_by (samir))
(modified_on (16_24_831)))
(change_matrix_rb (i1f_removed (d_remove_rules))
(created_by (samir))
(created_on (12_27_831))
(rules (change_matrix_rb_rulel))
(params_in_ifs
(matrix_change (desired (rule (change_matrix_rb_rulel))))))
(change_matrix_rb_rulel (Stype (ifall))
($if (triple (matrix_change desired) = yes) (confirm))
(sthen (change)
(reset_rule_base ‘change_matrix_rb))
(Selse (frem ‘matrix_change))
(created_by (samir))
(created_on (12_27_831)))



(def start_sim - s
(lambda nil
(prog (ret_code)
(setq ret_code (#process ‘main))
(cond ((neq ret_code 0O)

(terpri)

(nsg N “+ +")
(msg N "! Simulation terminated abnormally. ")
(rsg N “+ +"

(return nil))
(¢t (fput ‘(user simulation_run) ‘error_free)
(fput ‘(user last_response_run)
(car
(fget_values
‘(response_chosen response_typel))))))))
(def store_values_in_lisparray_from_frame
(lambda (array_name)

(prog (1)
(setq {1 0)
loopi(prog (y)
(setq 3 0)
loop2(store (array_name 1 J)
(times 1.0
(car
(fget_valuves
(array_access_from_frame array_name

(+ 1 1)
(+ 53 11NN
(setq j (+ 3 1))
(cond ((eq § 3) (return nil)))
(go loop2))
(setq 1 (+ { 1))
(cond ((eq { 3) (return nil)))
(go loop1)?)))
(det printarray
(lambda (array_name)

{prog (i)
(setq 1 1)
loopi(prog ()
(setq 5 1)
loop2(cprints “Xe¢
(times 1.0
{car
(fget_values

(array_access_from_frame array_name i §)))))
(satq 3 (+ § 1))
(cond ((eq J 4) (return nil)))
(go loop2))
(terpri)
(setq 1 ¢+ 4 1))
(cond ((eq i 4) (return nil)))
(go lcopt))))
(def load_eigen_values_in_frame
(lambda nil
(prog (ret_codel)
(setq ret_codel
(eigen (getd ‘Kp)
(getd ‘Kd)
(getd ‘inartial_matrix)
(getd ‘one_over_tau)
(getd ‘eigr)



« (gesd ’‘eigi)))
(cond ((equal ret_codel 0.0)
(cond
({equal (one_over_tav 0) 0.0)
(nsg N "Uncontrolled system. Will not reach steady state. ™)
(nsg N
"Probable cause: Kd or Kp matrix has all 0.0 elements. ™)

(nsg N “Tfinal has been set to defauvlt value *)

(store (one_over_tau 0) 1.0)))
(store_values_in_frame_from_lispvector ‘one_over_tau 1)
(store_values_in_frame_¢from_lispvector ‘eigr 6)
(store_values_in_frame_from_lispvector ‘eigi &)

(nsg N "Eigenvalues computation has been succesful.*)
(terpri)
(cond
((neq (car
(foget_values
‘(response_chosen response_type)))
‘{8tep response!)

(print (quotient 1.0 (one_over_tau 0)}))

(terpri)

(nsg N “Given above is the calculated value of TAU. ")

(terpri))))

(t (msg N “Eigenvalues calculation has not been succesful.”)

(nsg N “Probable cause: the Inertial Matrix is singular.”)

(msg N “Tfinal has been set to default value. *)

(store (one_over_tau 0) 1.0))))))

(def frequency_output_display
(lambda (x)

(prog (a)
(msg N “Do you want to display for ")
(print x)
(msg N 1) Amplitude. ")
(msg N * 2) Phase. ")

loopil(msg N "Please enter choice: ")
(msg N * * “)
(setq a (read))
(cond ((eq a 1)
(cond ((eq x ‘theta)
(exec cat thetaOamp. frq)
. (wait_a_while)
(clear_display))
(t (exec cat omegaOamp. frq)
(wait_a_while)
(clear_display))))
((eq a Q) ‘
(cond ((eq x ‘theta)
(exec cat thetaOpha. frq)
(wait_a_while)
(clear_display))
(t (exec cat omegaOpha. #rq)
(wait_a_while)
(clear_display))))
. (¢ (msg N "Your entry is not recognized. ") (go loopl))?}))
(def clear_display
(lambda nil
(princ (ascii 27))
(princ (ascii 91))
(princ (ascii 72))
(princ (ascii 27))
(princ (ascii 91))



(princ Cascii SG)) v
(princ (ascii 74))))
(def clear
(lambda nil
(princ (ascii 27))
(princ (ascii 91))
(princ (ascii 72))
(princ (ascii 27))
(princ (ascii 91))
(princ (ascii 50))
(princ (ascii 74))))
(def delim_display
(lambda nil
(m’g (N 2) N g, m, 0y, A N N ”)),
(def wait_a_while
(lambda nil
(prog (1)
(setq 1 1)
loop (cond ((lessp i S000) (setq i (+ i 1)) (go loop)) (¢t (return))))))




i1 Modified on Jun-15-85 (yyr)
(def setup_init_val_in_simula. inp

(lambda nil

(prog (x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 v q m dbin)

(setq
(setq
(setq
(setq

(setq

(setq
(cond

(cond

(cond

dbin (fileopen "simula. inp* “"w")) .
T (car (fget_values ‘(response_chosen response_type))))
q (car (fget_values ‘(quaternion wanted_by_user))))
m
(car (fget_values ‘(initial_value integration_method))))
x1 .‘T) :
x2 ‘F)
((eq v ’IStep responsel)
(cprintf “%4s " x1 dbin)
(cprinté “¥%s “ x2 dbin)
(cprintf “%s * x2 dbin))
((eq v ‘IFrequency responsel)
(cprinté "%s * x2 dbin)
(cprintf “"%s " x1 dbin)
(cprinte “%s " x2 dbin))
(t (cprinte “%s * x2 dbin)
(cprinte "4s * x2 dbin)
(cprinté “%s * x1 dbin)))
((eq q ‘yes) (cprintf "Xs * x1 dbin))
(t (cprinte “%s “ x2 dbin)))
((eq m ‘Euler)
(cprintf “%Zs * xi dbin)
(cprinte “%s " x2 dbin)
(cprintf "%s " x2 dbin))
((eq m ‘IFourth—order Runge-Kuttal)
(cprinte® “%s " x2 dbin)
(cprinté “ZLs * x1 dbin)
(cprintf “%s * x2 dbin))
(t (cprinte¢ “Zs " x2 dbin)
(cprintf "4s " x2 dbin)
(cprintt “%s " x1 dbin)))

(terpri dbin)

(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(cond

x1 (times 1.0 (car (fget_values ‘(initial_value TO)))))
x4 (times 1.0 (car (fget_values ‘(initial_value error)))))

x3 0.0)
x6 0.0)
x7 0.0}
x8 0, 0)
x? 0.0)
x10 0.0)
x11 0.0)
x12 0.0)
x13 0.0)
x14 0. 0)
x13 0.0)
((eq r ‘I1Step responsel)
(setq x2
(times 1.0
(car
(fget_values ‘(initial_value Tfinal)))))
(setq x3
(times 1.0
(car
(fget_values ‘(initial_value deltaT)))))
(setq xé6
(times 1.0

(car



(fget_values
‘tinitial_value steady_stote_errcrldl))?

((eq T ‘!Impulse responsel)
(setq x2 (quatient 1.0 (aone_over_tauv 0)))

(setq x3
(times 1.0
(car
(fget_values ‘(initial_value deltaT})}))
(setq x7
(times 1.0
(car
(fget_values
‘Cinitial_value impulse_amplitude)))}))
(t (setq x2 (quotient 1.0 (one_over_tau 0)))
(setq x3
(times 1.0
(car
(fget_values
‘(initial_value
frequency_deltaT)))))
{(setq x8
(times 1.0
(car
(fget_values ‘
‘¢initial_value amplitude)))))
(setq x9
(times 1.0
(car
(fget_valves
‘Cinitial_value init_frequency_value)})))
(setq x11
(times 1.0
(car
(fget_values
‘¢initial_value number_of_decades))}))
(setq x10
(times 1.0
(car
(fget_values
‘(initial_value phase)))))
(setq x12
(times 1.0
(car

(cprinte “xXe =
(cprintt "X¢ »
(cprintd "%¢ »
(cprintf “%Ze
(cprinte “Xe «
(terpri dbin)
(cprintf "4if
(cprintf “ie
(cprintf "4t
(cprintf “%f
(cprintf "%if
(terpri dbin)
(cprinté "%4e ¢
(cprintf “%4e *
(cond ((eq.

(fget_values
‘(initial_value
number_of_sampling_frequency_per_decade)))))))

x1 dbin)
x2 dbin)
x3 dbin)

x4 dbi

n)

x93 dbin)

x6 dbi
x7 dbi

n)
n)

x8 dbin)
x? dbin)

x10 db

x11 db
x12 db

in)

in)
in)



- A(car-
(fget_values ‘(initial_value axis_o?_input_command)))
‘X) (setq x13 1.0))
((eq
(car
(fget_values ‘(initial_value axis_of_input_command)))
‘Y) (setq x14 1.0))
((eq
(car
(fget_values ‘(initial_value axis_of_input_command)))
‘Z) (setq x13 1.0)))
(cprinte "%4¢ * x13 dbin)
(cprintf "“4¢# “ x14 dbin)
(cprintf “%4f * x13 dbin)
(terpri dbin)

(setq x1 (times 1.0 (car (fget_values ‘(V_matrix omega_x)))))
(setq x2 (times 1.0 (car (fget_valuves ‘(Y_matrix omega_y)))))
(setq x3 (times 1.0 (car (fget_values ‘(Y_matrix omega_z)))))
(setq x4 (times 1.0 (car (fget_values ‘(V_matrix theta_x)))))
(setq x3 (times 1.0 (car (fget_values ‘(Y _matrix theta_y)))))
(setq x&6 (times 1.0 (car (fget_values ‘(Y_matrix theta_z)))))
(setq x7 0.0)
(setq x8 0.0)
(setq x9 0.0)
(setq x10 0.0)
(cand
((eq q ‘yes)
(setq x7
(times 1.0
(car (fget_values ‘(quaternion roll_angle)))))
(setq x8
(times 1.0
(car (fget_values ‘(quaternion yaw_angle)))))
(setq x9

(times 1.0
(car (fget_values ‘(quaternion pitch_anglel)))))))

(cprints “Z& * x1 dbin)
(cprintf “4f * x2 dbin)
(cprintt “Z# * x3 dbin)
(cprinte “%f * x4 dbin)
(cprints “%¢ * x5 dbin)
(terpri dbin)

(cprintf “4¢f * 26 dbin)

(cprints “%4e * x7 dbin)
(cprinte "%4e * xB dbin)
(cprintt “%¢ * x9 dbin)
(cprintt "%¢ " x10 dbin)
(tearpri dbin)
(prog nil

(setq x6 1)

loopi(cond ((eq x& 1) (satq x9 ‘Kp))
((eq x6 2) (setq x9 ‘Kd))
(t (setq x9 ‘inertial_matrix)))
(prog nil
(setq x7 1)
loop2(prog nil
(setq xB 1)
loop3(setq x1
(times 1.0
(car
(fget_values



(array_access_from_frame =9
%7
x8)))))
(cprintf “%X¢ * x1 dbin)
(setq x8 (+ x8 1))
(cond ((eq x8 4) (return nil))) -
(go loop3))
(setq x7 (+ x7 1))
(cond ((eq x7 4) (return nil)))
(go loop2))
(terpri dbin)
(setq x6 (+ x6 1))
(cond ((eq x& 4) (raturn nil)))
(go loopl))
(close dbin)
(exec /etc/unixtovms simula. inp))))



(def confirm . .
(lambda nil
(prog (ans)
(terpri)
(fprint ‘(matrix_change matrix))
(msg N “Do you want to alter any elements of the above matrix ?" N)

(msg N ¢ 1) yes*)

(msg N " 2) no" N)
loopi(msg N “Please enter choice: ")

(msg N * * )

(setq ans (read))
(cond ((eq ans 1) (return ‘(1 (3 9))))
((eq ans 2) (return ‘(-1 (S 3))))
(t (msg N "Your entry is not recognized. Try again.")
(go loop1)?))))) '
(def change
(lambda nil

(prog (row col val mat)
(setq mat (car (fget_values ‘(matrix_change matrix))))
(msg N “About the element you want to alter. Please, ")
(msg N "= Enter the row number = *)
(setq row (read))
(msg N "= Enter the col number = *)
(setq col (read))
(msg N “— Enter the new value = %)
(setq val (read))
(frem (array_access_from_frame mat row col))
(fput (array_access_from_frame mat row col) val))))

(det change_quaternion
(lambda nil
(prog (a b ¢ d)

(msg N
“Do you want the Quatarnion block to be included {n simulation 2"
N)

(msg N * 1) yes”)

(msg N ¢ 2) no" N)

loopl{(msg N “Please enter choice:")
(msg N * *")
(setq a (read))
(cond ((eq a 1)
(prog nil
(frem ‘(quaternion wanted_by_vuser))
(fput ‘(quaternion wanted_by_user) ‘yes)
(msg N “Do you want a new value for Roll angle ?")

(msg N
"Be sure you had earlier entered a value for Roll angle.”
N)

(mesg N 1) yes*)

(msg N “ 2) no* N)

loop2(msg N “Please enter choice: ")}
(msg N * . ")
(setq b (read))
(cond ((eq b 1)
(frem ‘(quaternion roll_angle)) .
(msg N "Enter the new value of initial angle: ")
(fput ‘(quaternion roll_angle) (read)))
((eq b 2) (msg N "No change to Roll angle. "))
(t (msg N .
“Your entry is not recognized. Try again. ")
(go loaop2)))
(msg N "Do qou‘uant a new value for Pitch angle ?%)



. (msg N
' "Be sure you had earier entered a value for Pitch angle. "
N)

(msg N " 1) yes*)
(msg N * 2) no* N)

loop3(msg N “Please enter choice: *) .
(msg N %« v)

(setq ¢ (read))
(cond ((eq ¢ 1)

(frem ‘(quaternion pitch_angle))

(msg N "Enter the new value of initial angle: ")

(fput ‘(quaternion pitch_angle) (read)))

((eq ¢ 2) (mag N "No change to Pitch angle. "))

(t (msg N

"Your entry is not recognized. Try again. ™)
(go loop3))) .

(msg N “Do you want a new value for Yaw angle ?%)

(msg N
“Be sure you had earier entered a value for Yau angle.*®
N}

(msg N * 1) yes®)

(msg N * 2) no" N)

loap4(msg N "Please enter choice: ")
(msg N " “. ")
(setq d (read))
(cond ((eq d 1)
(frem ’‘(quaternion yaw_angle))
(msg N "Enter the new value of initial angle: *)
(fput ‘(quaternion yaw_angle) (read)))
((eq d 2) (msg N "No change to Yaw angle. "))
(t (msg N
“Your entry is not recognized. Try again. ™)
(go loaop4)})))
((eq a 2)
(nsg N i
“The simulation program will not use the Quaternion block. ™)
(rsg N "That is:, you will be running PROTOTYPE SYSTEM 0." N)
(frem ‘(quaternion wanted_by_user))
(fput ‘(quaternion wanted_by_user) ‘no))
(t (nsg N “Your entry is not recognized. Try again.")
(go loopi1))))))



¥

i) Modified by Juan J. Rodriguez-Moscoso &
i Bor-Jau Hsish (16-Jun-89)
(def start_%_iterate
(lambda nil
(prog nil
loop (eval_agenda ‘top_level_agenda)
(cond
((eq (car (fget_values ‘(top_level_choice top_level_menu)))
‘1Exit to OGENIE!)
(clear_display)
(return (genie))))
(terpri)
(terpri)
(wait_for_user)
(terpri)
(terpri)
(go loop))))

(de# loop
(lambda (option)
(prog nil
loopi(cond ((eq option ‘disp)
(cond ((eq (car
(fget_values
‘(disp_init_val_choice param_menu)))

‘IReturn to TOP LEVEL MENU!)
(return nil))

(t (wait_for_user)
(clear_display)
(eval_agenda ‘disp_init_val_agenda))))
((eq option ‘change)
(cond ((eq (car
(fget_values
‘(change_param_choice param_menu)))
‘{Return to TOP LEVEL MENU!)
(return nil))
(t (wait_¢for_user)
(clear_display)
(eval_agenda ‘change_param_agenda))))
((eq option ‘out_disp)
(cond ((eq (car
(fget_values

‘(output_display_choice output_display_menu)))

‘{Return to TOP LEVEL MENUI)
(return nil))
(t (wait_for_user)
(clear_display)

(eval_agenda ‘output_display_sgenda)?)))
(go loop1))))

(def storage_of_initial_values
(lambda nil
(store_frames_in_file ‘(Kp Kd

. inertial_matrix
Kp_matrix
Kd_matrix
inertial_mat
controller_type_desired
response_chosen
quaternion
1nltia}_valuo



. * Y_matrix)

(read))))
(def change_Y_natris
(larbda nil
(prog (a)
(msg N “Do you want to change the value of Theta(x) ?" N)
(msg N * 1) yes") .
(msg N * 2) no* N)

loopl{msg N "Please enter choice:")
(msg N * *")
(setq a (read))
(cond ((eq a 1)
(frem ‘(Y_matrix theta_x))
(nsg N “Enter the new value for Theta(x) = *)
(fput ‘(Y_matrix theta_x) (read)))
((eq a 2) (msg N “No change to Thetal(x). "))
(t (msg N "Your entry is not recognized. Try again.*)
(go loaopl))})
(msg N “Do you want to change the value of Theta(y) 27" N)
(msg N " 1) yes”)
(msg N “ 2) no" N) .
loop2(msg N “Please enter choice:")
(msg N © .")
(setq a (read))
(cond ((eq a 1)
(frem ‘(Y_matrix theta_y))
(nsg N “Enter the new value for Theta(y) = ")
(fput ‘(Y_matrix theta_y) (read)))
((eq a 2) (msg N "No change to Theta(y). "))
(t (nsg N “Your entry is not recognized. Try again.™)
(go loop2)))
(msg N “Do you want to change the value of Theta(z) ?* N)
(msg N “ 1) yes*)
(msg N * 2) no* N)
loop3(msg N “"Please enter choice: ")
(msg N " . ")
(setq a (read))
(cond ((eq a 1)
(frem ‘(Y_matrix theta_z))
(msg N "Enter the new value for Theta(z) = *)
(fput ’(Y_matrix theta_z) (read)))
((eq a 2) (msg N “No change to Theta(z). "))
(t (msg N “Your entry is not recognized. Try again. ™)
(go loop3)))
(msg N “Do you want to change the value of Omega(x) ?* N}
(msg N * 1) yes”)
(msg N * 2) no" N)
loopd(msg N "Please enter choice: ")
(msg N * ")
(setq a (read))
(cond ((eq 2 1)
(frem ‘(Y_matrix omega_x))
(msg N "Enter the new value for Omega(x) = ")
(fput ‘(Y_matrix omega_x) (read)))
((eq 2 2) (msg N “"No change to Omega(x). "))
(t (msg N "Your entry is not recognized. Try again.")
(go loopi)))
(msg N “Do you want to change the value of Omegaly) ?* N)
(msg H * 1) yes*)
(msg N “ 2) no” N)



*

e

loopS(msg N "Please ehter choice:")
(msg N * #")
(setq a (read))
(cond ((eq a 1)
(frem "(Y_matrix omega_y))
(msg N "Enter the new value for Omegaly) = ")
(fput ‘(Y_matrix omega_y) (read)))
((eq a 2) (msg N “No change to Omegaly). "))
(¢ (msg N “Your entry is not vecognized. Try again.")
(go loopS5)))
(msg N “Do you want to change the value of Omega(z) ?* N)
(msg N * 1) yes™)
(msg N ¥ 2) no*" N)
loopb(msg N “"Please enter choice: ™)
(msg N . ")
(setq a (read))
(cond ((eq a 1)
(frem ’‘(Y_matrix omega_z))
(msg N “Enter the new value for Omegalz) = ")
(fput ‘(Y_matrix omega_z) (read)))
((eq a 2) (msg N "No change to Omega(z). ™))
(¢t (msg N "Your entry is not recognized. Try again.")
(go loopé))))))



(def array_access_from_frame
(lambda (array_name row_num col_num)
(list array_name (list row_num col_num))))

(def define_array
(lambda (array_name row_bnd col_bnd)
(array array_name flonum row_bnd col_bnd)))

(def stove_valvues_in_frame_from_lispvector
(lambda (array_name row_bnd)
(prog (1)
(setq 1 1)
loopi(prag ()
(setq 3 1)
loop2(frem (array_access_from_frame array_name i j))
(fput (array_access_from_frame array_name i ))
(array_nhame (- i 1)))
(setg y (+ 5 1))
(cond ((eq § 2) (return nil)))
(go loop2))
(setq i (+ { 1))
(cond ((eq i (+ row_bnd 1)) (return nil)))
(go laopl))))

(def form_identity_matrix
(lambda (array_name row_bnd col_bnd)
(prog (i)
(setq 1 1)
loopi(prog ()
(setq 3 1)
loop2(cond ((eq i ) (store (arvay_name i §) 1.0))
(t (store (arrvay_name i §) 0.0)))
(setq J (+ 3 1))
(cond ((eq § (+ col_bnd 1)) (return nil)))
(go loop2))
(netq 1 (+ § 1))
(cond ((eq i (+ row_bnd 1)) (return nil)))
(go loop1))))

e 6 o & @& ¢

¢



i1+ Initialization program for running either:

[N 1) NASA Simulation Expert System

i 2) GENIE, or

i 3) Franz Lisp Opus 38.79

1i#% Hritten by

[ N] Bor-Jau Hsieh (Andy) and

1 Juan J. Rodriguez-Moscoso (May-11-83)
it . Revised by

Vi Juan J. Radriguez-Moscoso and

i Bor-Jau Hsieh (Andy) (Jun-09-83)

11 NEES means NASA Expert Simulation System required by user in LISP
ii (defun ness () '

[N (cond ((equal ans 1)(eval_agenda ‘start_agenda))
i (t (msg N “You should use option 1 to start loading NESS" N )
i (startup))))

(defun ness()
(start_%_iterate))

11 NESS_LOAD means NASA Expert Simulation System at “load" time.
(def ness_load
(lambda nil
(prog (answerl answer2)
(clear_display)
(heading)
(terpri)
(msg N “Loading QENIE, and NESS.... (please be patient)" N)
(include /u/gait/henrik/genie))
(set_up_frames_¢from_¢file ‘simxpert.l)
(clear_display)
(eval_agenda ‘start_agenda)
(clear_displayl

i1+ HEADING stands for the heading of the NESS

(defun heading()
(msg N “+= s +*)
(msg N "1 Helcome to NASA Expert Simulation System (NESS) 1)
(msg N “"#+mrmm +4)

]
1} STARTUP stands for starting up the Lisp environment
(defun startup()
(prog (ansuer)
(terpri)(terpri)
(msg N "Do you want to run: ")
(terpri)
(nsg B " 1) NASA Expert Simulation System ?")
(nsg N * 2) GENIE (GENeric Inference Engine) ?%)
(msg N * 3) Franz Lisp ?*)

(terpri)

loop

(nsg N "Please enter choice(s): ")
(msg N * . ")

(setq answer (read))
(cond ((equal answer 1)
(clear_display)
(prog (ans)
(msg N “Before running the NASA Expert S8imulation System, )
(msg N "did you type in ‘SHELL’ while you wers under VMS?")
(terpri)
(msg N " 1) yes™)
(msg N 2) no.“)



(cond

(cond
(cond
(cond

*(msg N 3) don’t know")
loopl
(terpri)
(msg N "Please enter choice(s): ")
(msg N * ")
(setq ans (read))
(cond ((equal ans 1)(return (ness_load)))
((equal ans 2)
(msg N “You are being sent to the Operating ")
(princ "System you started in.*)
(msg N “Pleases type ‘SHELL’ now if you are ")
(princ “under VMS 0/S8. *)
(terpri)
(return (exit)))
((equal ans 3)
(msg N “You are being sent back to the ™}
(princ "Operating System you were before")
(msg N “you typed in ‘lisp’. If you are ")
(princ “under VMS, type ‘SHELL’ to enter")
(msg N “into EUNICE. If not., Just type ‘lisp’™)
(princ “ again.*)
(terpri)
(return (exit)))
(t (terpri)
(msg N “Please enter 1, 2 or 3 only")
(go loopl)

)
)
)

((equal answer 2)

(clear_display)

(msg N “Loading GENIE.... *" N )
(include /u/gait/henrik/genie)
(set_up_frames_from_file ‘simxpert.l)
(return (genie))))

((equal answer 3)(return nil)))
((equal answer 2){(return nil)))

((equal answer 1)(return nil))

(¢

(terpri)

(msg N “Please enter 1, 2 or 3 only*)
(go loop)

i1 clear_display stands for clearing the display on VT100 type terminal.
(defun clear_display()

(princ
(princ
(princ
(princ
(princ
(princ
(princ

1: Running ‘startup
(clear_display)
(startup)

(ascii 27))
(ascii 91))
(ascii 72))
tascii 27))
(ascii 91))
(ascii SON)
(ascii 741

! function



(value_input_rb (params_in_ifs (initial_value (equal_theta_values_for_all_axes
(rule (valve_input_vrb_rule22)
(valve_input_rb_rule2d)))
(equal_omega_values_for_all_axes
(rule (valuve_input_vb_rule26)
(value_input_1b_rule2?7)))
(first_step_found
(rule (value_input_vrb_ruled)))
. (deltaT
(rule (value_input_rb_ruled)))
(steady_state_error
(rule (value_input_rbt_rule3d)))
(second_step_found
(rule (value_input_rb_ruled)))
(imp_amp_found
(rule (value_input_rb_ruleld)))
(init_theta=0_wanted
(rule (value_input_vrb_rule2l)))
(integration_method
(rule (value_input_rbd_rule2?)
(value_input_vrb_rule2)))
(tcontrol_1
(rule (value_input_rb_rule24)))
(tcontrol_2
(vule (value_input_vb_rule24)))
(tcontrol_3
(rule (value_input_rb_rule24)))
(ocontrol_1
(rule (value_input_rb_rule24)))
(ocontrol_2
(rule (valuve_input_vrb_rule24)}))
(ocontrol_3
(rule (value_input_rb_rule24)))
(quaternion_initialf{zed
(rule (value_input_rb_rule)))
(axis_of_input_command
(vrule (value_input_trb_rule2)))
(T0
(rule (value_input_rb_rule2)))
(error
(rule (value_input_rb_rule2)))
(Y_matrix_full
(rule (value_input_rb_rule2)))
(init_omega=0_wanted
(rule (value_input_rb_rule23)))
(frame_full
(rule (value_input_vrb_rulel)))
(amplitude
(rule (value_input_rb_ruled)))
(init_¢frequency_valuve
(rule (valuve_input_rb_vruled)))
(frequency_deltaT
(rule (valuve_input_rb_rule4d)))
(number_of_decades
(rule (value_input_rb_ruled)))
(number_of_sampling_frequency_per_decade
(rule (value_input_vb_ruleld)))
(phase
(rule (value_input_rb_ruled))))
(Kp_matrix (matrix_symmetric
(rule (value_input_rb_rulelq)



(value_input_rbdb_ruleld))d)
(matrix_type
(rule (value_input_rb_rulel8)))
(equal_diagonal_terms
(rule (value_input_rb_rulel8))})
(matrix_~full
(rule (value_input_rb_rule2))))
(Kd_matrix (matrix_symmetric )
(rule (valuve_input_rb_rulel?7)
(value_input_rb_rulei1d)))
(matrix_type
(rule (value_input_rb_rulel19)))
(equal_diagonal_terms
(rule (value_input_rb_rulel®)))
(matrix_full
(rule (valuve_input_rb_rule2))))
(controller_type_desired (same_differential_control_for_oall_axes
(rule (value_input_rb_rulelO)
(value_input_rb_rulel2)))
(derivative
(rule
(value_input_rb_ruled)))
(proportional
(rule
(value_input_rb_ruleb)))
(same_proportional_control_for_all_axes
(rule (value_input_rb_rule?)
(value_input_rb_rulell)))

i3 <CCCC start back on the left <<C<<<
(diff_cross_coup_hbet_axes
(rule (value_input_rb_ruleB8)
(value_input_rb_rulel0)
(value_input_rb_rulel?7)
(value_input_rb_rulel)
(value_input_rb_ruleld)))
P 22222 continue on the right >>>>>

i CCCCC start back on the left <CCCC
(prop_cross_coup_bet_axes
(rule (value_input_vb_rule?)
(value_input_rb_rule?)
(value_input_rb_ruleil)
(value_input_rb_rulel4d)
(value_input_rb_rulels)))
i1 22222 continue on the right >O>0>
)
(K ((1 1)
(rule (value_input_rb_rulel0)
(value_input_rb_rulel?7)
(value_input_rb_rulei2)
(value_input_rb_rulelS)))
((22)
(rule (value_input_rb_rulel17)
(value_input_rb_rulell)
(value_input_rb_rulel13)))
((3 3)
(rule (value_input_rb_rulet?7)
(value_input_rb_rulel2)
(value_input_rb_rulel15)))



(1 2)

(rule (value_input_rb_rulel1?)

(value_input_rb_rulel1%)))
((1 3)

(rule (value_input_rd_rulel?)

(value_input_rb_rulel1S)))
(2 3)

(vrule (value_input_rb_rulel?7)
(value_input_rd_ruleiS)))

((2 1) (rule (value_input_rbd_rulel1?7)))

((3 1) (rule (value_input_rb_rulel?)))

((3 2) (rule (value_input_rb_rulel?))))
(Kp ((1 1)

(rule (value_input_vrb_rule?d)
(value_input_rbd_rulell)
(value_input_rb_rulel4d)
(value_input_rb_rulels)))

(2 2)

(rule (value_input_rbd_ruleil)
(value_input_rb_ruleld)
(value_input_rb_rulels)))

(3

(rule (value_input_rb_rulell)
(value_input_rb_ruleid)
(value_input_rb_rulelsd)))

(1 2)

(rule (value_input_rb_ruleisd)

(valve_input_rb_rulelé)))
(1 3)

(rule (value_input_rb_rulels)

(value_input_rb_rulel6)))
(2 3

(rule (value_input_rb_ruleild)

(value_input_rb_rulels)))
((2 1) (rule (value_input_rb_ruleld)))
((3 1) (rule (value_input_rb_ruleibd)))
((3 2) (rule (value_input_rb_rulelb))))
(response_chosen
(response_type
(rule (value_input_rb_ruleld)
-(value_input_rb_rule2))))
(Y_matrix (theta_x
(rule (value_input_rb_rule22)
(value_input_rbd_rule2d)))
(omega_x
(rule (value_input_rb_rule2é)
(value_input_rb_rule2?)))
(theta_y
(rule (value_input_rb_rule2d)))
(theta_:
(vrule (value_input_rb_rule2d)))
(omega_y
(rule (value_input_rb_rule27)))
(omega_z
(rule (value_input_rb_rule27))))
(quaternion (wanted_by_user
(ruvle (value_input_rb_rule20)))
(roll_angle
(rule (value_input_rb_rule20)))
(pitch_angle
(rule (value_input_rb_rule20)))



(yaw_angle
(vrule (value_input_rbdb_rule20))))

(inertial_mat
(matrix_full (vrule (value_input_rb_rule2))))
(inertial_matrix
({1 1) (rule (value_input_rb_rule13d)))))
(if_removed (d_remove_rules))
(created_by (iSamir, Juan, and Andy!))
(created_on (16_13_851))
(rules (value_input_rb_rule3d)

(value_input_rb_rule3)

(value_input_rb_rules)

(valuve_input_rb_rulel8)

(value_input_rb_rulel®)

(value_input_rb_rule2l)

(value_input_rb_rule22)

(value_input_rb_rule2d)

(value_input_rb_rule26s)

(value_input_rb_rule27)

(value_input_rb_rule29) ~

(value_input_rb_rule20)

(value_input_rb_rule24)
(valve_input_rb_rule8)

(value_input_rb_rulel10)
{value_input_rb_rulel?)
(value_input_rb_rulel2)
(value_input_rb_rule2)
(value_input_rb_rule23)
(value_input_tb_rulel)
(value_input_rb_rule?7)
(value_input_rb_rule?)
(value_input_rb_rulell)
(value_input_rb_rulel1d)
(value_input_rb_ruleléb)
(value_input_rb_ruled)
(value_input_rb_ruleld)
(value_input_rb_rulel13))
(param_specs (frame_full (value_type (literal))
(param_cf (no))
(find_strategy (try_rules) (ask)))
(mode (value_type (literal))
(value_multiplicity (single))
(value_required (yes))
(param_cf (no))
(legal_values (step)
(tcontrol_1 (find_strategy

(frequency)))
(try_rules)))

(tcontrol_2
(ocontrol_1
(ocontrol _2

(find_strategy
(find_strategy
(find_strategy

(try_vrules)))
(try_rules)))
(try_rules)))

(imp_amp_ok (value_type (literal))
(value_multiplicity (single})
(value_required (yes))
(legal_values (yes) (no))
(prompt_format (menu_input))
(message_format (print
iDo you want the calculated value of ‘Impulse amplitude’ ?1)
(print
11# you say NO,
(axis_of_input_command (value_multiplicity
(single))
(value_required (yes))

then you can give your own value. {)))



. : (prompt_format
(menu_1input))
(legal_values (X)
(Y)
(2)
(nane))

1 <CCCC start back on the left <CC<C
(message_format (print
1You can apply the input command to only one axis or none of them!)
(print IPlease select your choice (only onel)!))
1 22225 continue on the right 350>
»
(param_conclusions (initial_value (frame_full
(rule
(value_input_rb_ruled)))
(tcontrol_t
(rule
(value_input_rb_rule2i)))
(tcontrol 2
(rule
(value_input_rb_rule22)))
(tcontrol_3
(vrule
(value_input_rb_rule23d)))
(ocontrol_R2
(rule
(value_input_rb_rule2és)))
(ocontrol _3
(rule
(value_input_rb_rule27)))
(error
(rule
(value_input_rb_rule29)))
(quaternion_initialized
(rule
(value_input_rb_rule20)))
(init_theta=0_wanted
(rule
(value_input_rb_rule20)))
(Y_matrix_¢full
(rule
(value_input_rb_rulels)))
(first_step_tfound :
(rule
(value_input_rb_rule2)))
(ocontrol_t
(rule
(value_input_rb_rule2d)))
(second_step_found
(rule
) (value_input_rb_ruled))))
(Kd_matrix (matrix_type ’
(rule (value_input_rb_ruled)}
(value_input_rb_ruleB)
(value_input_rb_rulel?7)
(value_input_rb_rulel3)))
(equal_diagonal_terms
(rule (value_input_rb_rulel0)
. (value_input_rb_rulei2)))
(matrix_full



(Kp_matrix

(Kp

(Kd

(1 2
(rule

(<1 3
(rule

“z2 1)
(rule

(2 2)
(rule

(2 3)
(rule

((3 1)
(rule

((3 2)
(rule

((3 )
(rule

((1 1)
((1 2)
(rule

(<1 3)
(rule

2 1)
(rule

(2 2)
(rule

(2 3)
(rule

((3 1)
(rule

(rule (value_input_rb_rule3)

(value_input_rb_rulel?))))

(matrix_type
(rule (valuve_input_rb_rulesd)

(value_input_rb_rule?7)
(value_input_rb_ruleis)
(value_input_rb_rulelé)))

(equal _diagonal_terms
(rule (valve_input_rb_rule?)

(valve_input_rb_rulell)))

(matrix_full
(vule (value_input_vrb_ruled)

(value_input_rb_rulel8))))

(value_input_rb_ruleés)
(value_input_rbd_rule?)))

(value_input_rbd_ruleébé)
(value_input_rb_rule7)))

(value_input_rb_rules)
(value_input_rb_rule?7)
(value_input_rb_ruleld)))

(value_input_rb_ruleb)
(value_input_rb_rvie?)))

(value_input_rb_rulebd)
(value_input_rb_rule?7)))

(value_input_rb_ruled)
(value_input_rb_rule?)
(valuve_input_rb_ruleld)))

(value_input_rb_rulebd)
(value_input_rvb_rule?)
(value_input_rb_rulels)))

(value_input_rbd_ruleb)
(value_input_rb_rule?)))

(rule (value_input_rb_rules))))

(value_input_rbd_rulel)
(valve_input_rb_rule8)))

(value_input_rb_ruled)
(value_input_rb_ruleB8)))

(value_input_rtb_ruled)
(value_input_rb_ruleB)
(value_input_rb_ruleld)))

(value_input_rb_ruled)
(value_input_rb_rulel0)))

(value_input_rb_ruleS)
(value_input_vrb_ruleB)))

(value_input_rb_rule3)
(value_input_rb_ruleB)
(value_input_rbdb_ruleld)))



. . ((3 2)
(rule

((3 3)
(rule

«f 1)
(Y_matrix

(value_{input_rb_rulely)
(value_input_rb_rulef)
(value_input_rb_rulelI)))

(value_input_rb_ruled)
(value_input_rb_rule10)))
(vrule (value_input_rb_ruled))))
(theta_y
(rule (value_input_rb_rule21)
(value_input_rb_rule22)))
(theta_:
(rule (value_input_rbd_rule21)
(value_input_rd_rule22)))
(omega_y
(rule (value_input_rb_rule2é)
(value_input_rb_rule23)))
(omega_z
(rule (value_input_rb_ruvle2s)
(value_input_rbd_rule23)))
(theta_x
(rule (valvue_input_rb_rule21)))
(omega_x
(rule (value_input_rb_rule23))))

(inertial_matrix ((3 3)

(rule
(value_input_rb_rulel3d)))

(2 2)

(rule
(value_input_rb_rulel3)))

(<1 2)

(rule
(value_input_rb_rulel3d)))

(<1 )

(rule
(value_input_rb_rulel3)))

2 1)

(rule
(valuve_input_rb_rulel3d)))

(2 3)

(rule
(value_input_rb_ruleild)))

((3 1)

(rule
(value_input_rb_vuleld)))

((3 2)

(rule
(value_input_rb_ruleid))))

(inertial_mat
(matrix_¢full
(rule (value_input_rb_rulel13))))))

(valve_input_rb_ruled (stype (ifany))

(sthen (conclude (initial_value frame_¢full) true))

(created_by (samir))
(created_on (12_13_851)

)

(8if (sand (triple (initial_value first_step_found)

true

)

(triple (response_chosen response_type)

{Step responsel)



(value_input_rb_ruled

(value_input_rb_ruleb

) ($not (triple (initial_valuo deltaT) = nil))
($not

(triple (initial_value steady_state_error)
=

nil)))
(sand (triple (response_chosen response_type)
=
{Frequency responsel)
(triple (initial_value first_step_found)

true)
(triple (initial_value second_step_found)
=

true))
($and (triple (response_chosen response_type)
-

{Impulse response!)
(triple (initial_value first_step_found)
=

true)
($not (triple (initial_value deltaT) = nil))
(triple (1n1ttal _value imp_amp_~found)

truo)))

(modified_by (lJuan J. Rodriguoz-ﬂoscosol))
(modified_on (16_9_8%1)))
(Stype (ifall))
(created_by (samir))
(created_on (13_12_851))
(8if (triple (controller_type_desired derivative) = no))
(sthen (conclude (Kd_matrix matrix_full) true)

(conclude (Kd_matrix matrix_type) zevo)

(conclude (Kd (1 1)) 0.0)

(conclude (Kd (1 22)) 0.0)
(conclude (Kd (1 3)) 0.0)
(conclude (Kd (2 1)) 0.0)
(conclude (Kd (2 2)) 0.0)
(conclude (Kd (2 3)) 0.0)
(conclude (Kd (3 1)) 0.0)
(conclude (Kd (3 2)) 0.0)
(conclude (Kd (3 3)) 0.0)

(clause_print
{All values of the Kd Matrix have been found. !))
(modified_by (lJuan J. Rodriguez~Moscosol))
(modified_on (16_9_851)))
(Stype (ifall))
(created_by (samir))
(created_on (13_12_851))
($if
(triple (controller_type_desired proportional) = no))
($then (conclude (Kp_matrix matriz_full) true)
(conclude (Kp_matrix matrix_type) zero)
(conclude (Kp (1 1)) 0.0)

(conclude (Kp (1 2)) 0. O}
(conclude (Kp (1 3)) 0.0)
(conclude (Kp (2 1)) 0.0)
(conclude (Kp (2 2)) 0.0)
(conclude (Kp (2 3)) 0.0)
(conclude (Kp (3 1)) 0.0)
(conclude (Kp (3 2)) 0.0)
(conclude (Kp (3 3)) 0.0}



(value_input_rb_ruvlel8

(value_input_rb_rulel?

(value_input_rbd_rule21

(value_input_rb_rule22

(clause_print
{All values of the Kp Matrix have bean found. 1))
(modified_by (lJvan J. Rodriguez-Moscosol))
(modified_on (16_9_851)))
($type (ifany))
(sthen (conclude (Kp_matrix matrix_full) true))
(created_by (samir))
(created_on (13_15_831))
(8if (dand (triple (Kp_matrix matrix_type) = diagonal)
(triple (Kp_matrix equal_diagonal_terms)
=
true))
(8and (triple (Kp_matrix matrix_type) = diagonal)
(triple (Kp_matrix equal_diagonal_terms)
-
false))
(triple (Kp_matrix matrix_type) = symmetric)
(triple (Kp_matrix matrix_type) = regular))
(mndified_by
(iJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_9_8631)))
(Stype (ifany))
(sthen (conclude (Kd_matrix matrix_full) true))
(created_by (samir))
(created_on (13_15_83%1))
(8if (sand (triple (Kd_matrix matrix_type) = diagonal)
(triple (Kd_matrizx equal_diagonal_terms)
=
true))
(sand (triple (Kd_matrix matrix_type) = diagonal)
(triple (Kd_matrix equal_diagonal_terms)
-
false))
(triple (Kd_matrix matrix_type) = symmetric)
(triple (Kd_matrix matrix_type) = regular))
(moditied_by
(1Juan J. Rodriguez-Moscoso & Bor—-Jau Hsiehl!))
(modified_on (16_9_831)))
(Stype (ifall))
(created_by (samir))
(created_on (14_30_831))
($if (triple (initial_value init_thetam0_wanted) = yes))
(sthen (conclude (initial_value tcontrol_1) true)
(conclude (Y_matrix theta_x) O.0)
(conclude (Y_matrix theta_y) 0.0}
(conclude (Y_matrix theta_z) 0.0)
(clause_print

i1The angular position for all axes have been initialized. 1))

(modified_by

(lJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))

(modified_on (1&6_9_831)))

(stype (ifall))

(created_by (samir))

(created_on (14_30_831))

($if (triple (initial_value
squal_theta_values_for_all_axes)
=
yes)

(clause_print

{The common value of angular position for all axes, Theta(x),

(clause_print required.)

isl)



(value_input_rb_rule23d

(value_input_rb_rule2bd

(value_input_rb_rule27

($not (triple (Y_matrix theta_x) = nil)))

(sthen (conclude (initisl_value tcontrol_2) trua)
(conclude (Y_matrix theta_y) (Y_matrix theta_x))
(conclude (Y _matrix theta_z) (Y_matrix theta_x))
(clause_print

fAngular position has been initialized. 1))

(modified_by

(1Juan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))

(modified_on (16_9_831)))

(Stype (1fall))

(created_by (samir))

(created_on (14_30_8351))

(8if (triple (initial_value

equal_theta_values_for_all_axes)

-

na)
‘(clavse_print

iValues for angular position (Theta) along &1l axes are required.!)

($not (triple (Y_matrix theta_x) = nil))
($not (triple (Y_matrix theta_y) = nil))
($not (triple (Y_matrix theta_z) = nil)))

($then (conclude (initial_value tcontrol_3) true)

(clause_print
{Angular position has been initialized.{))
(modified_by °
(iJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))

(modified_on (1&6_9_8351)))

(Stype (ifall))

(created_by (samir))

(created_on (14_30_8351))

($if (triple (initial_value

equal_omega_valuss_for_all_axes)
-
yes)
(clause_print
IThe common value of angular rate, Omega(x), is required. !)
($not (triple (Y_matrix omega_x) = nil)))

($then (conclude (initial_value ocontrol_2) true)
(conclude (Y_matrix omega_y) (Y_matrix omega_x))
(conclude (Y_matrix omega_z) (Y_matrix omega_x))
(clause_print

{The angular rate has been initialized.!))

(modified_by

(iJuvan J. Rodriguez-Moscoso & Bor-Jau Hsieh!}))

(moditied_on (16_9_831)))

(stype (ifall))

(created_by (samir))

(created_on (14_30_831))

($if (triple (initial_value

equal_omega_values_for_all_axes)
=
no)
(clause_print
{Values for angular rate along all axes are required. )
($not (triple (Y_matrix omega_x) = pil))
($not (triple (Y_matrix omega_y) = nil))
($not (triple (Y_matrix omega_z) = nil)))

(s$then (conclude (initial_value ocontrol_3) true)

(clavse_print
i{The angular rate has been initialized. !))
(modified_by



.

(value_input_rb_rule29?

(value_input_rb_rule20

(value_input_rb_rule24

(value_input_rb_ruled

(value_input_rb_rulel0

({Juan J. Rodriguez-Moscoso & Bor-Jau Hegicoh!))
(modified_on (16_9_831)))
($type (ifall))
($if
(triple (initial_value integration_method) = Euler))
($then (conclude (initial_value error) 0.0))
(created_by (1Bor-Jau Hsieh & Juan Rodriguez-Moscoso!))
(created_on (16_12_831)))
(Stype (ifall))
($if (triple (quaternion wanted_by_user) = yes)
($not (triple (quaternion roll_angle) = nil))
($not (triple (quaternion pitch_angle) = nil))
($not (triple (quaternion yaw_angle) = nil)))
(Selse
(conclude (initial_value quaternion_initialized) true))
(created_by (samir))
(created_on (14_29_851))
($then (conclude (initial_value quaternion_initialized)
true)
(conclude (initial_value init_theta=O_wanted)
yes)
(clavse_print
iThe Roll, Pitech:, and Yaw angles have been initialized.!))
(modified by (!Bor-Jau Hsieh & Juan Rodriguez-Moscosol))
(modified_on (16_12_8%51)))
(sthen (conclude (initial_value Y_matrix_full) true))
(created_by (samir))
(created_on (14_30_831))
(Stype (ifall))
(8if (clause_print .
{Initial values for angular rate and/or angular position are required!)
(sor (triple (initial_value tcontrol_1) = true)
(triple (initial_value tcontrol_2) = true)
(triple (initial_value tcontrol_3) = true))
(sor (triple (initial_value acontrol_1) = true)
(triple (initial_value ocontrol_2) = true)
(triple (initial_value ocontrol_3) = true)))
(modified_by (likes_Tfinal_value))
(modified_on (16_14_8351)))
(Stype (ifall))
(created_by (samir))
(created_on (13_12_8351))
(sthen (conclude (Kd_matrix matrix_type) diagonal)
(conclude (Kd (1 2)) 0.0)
(conclude (Kd (1 3)) 0.0)
(conclude (Kd (2 1)) 0.0)
(conclude (Kd (2 3)) 0.0)
(conclude (Kd (3 1)) 0.0)
(conclude (Kd (3 2)) 0.0))
(si¢ ’
(triple (controller_type_desired
diff_cross_coup_bet_axes)
-
no))
(modified_by (likes_Tfinal_value))
(modified_on (16_14_68351)))
(Stype (ifall))
(created_by (samir))
(created_on (13_12_851))
($then (conclude (Kd_matrix equal_diagonal_terms) true)
(conclude (Kd (2 2)) (Kd (1 1)))



1 . (conclude (Kd (3 3)) (Kd (1 1))}
(clause_print
{All values of the Kd Matrix have besn found. 1))
($if (triple (controller_type_desired
diff_cross_coup_bet_axes)

no)

(triple (controller_type_desired
same_differential_control_for_all_axes)

yes)
(clause_print

IThe value of the Kd Controller Cain Matrix common to all axes!)
(clavse_print !is required.!)
($not (triple (Kd (1 1)) = nil)))
(modified_by (likes_Tfinal_value))

(moditied_on (16_14_8%1)))

(value_input_rb_rulel7 (stype (ifall))

(created_by (samir))
(created_on (13_14_851))
(sthen (conclude (Kd_matrix matrix_type) regular)
(clause_print
1All values of the Kd Matrix have been found. }))
($if (triple (controller_type_desired
diff_cross_coup_bet_axes)

(triple (Kd_matrix matrix_symmetric) = no)

(clause_print

i18ince Kd is neither symmetric nor diagonal, all 9 of its values!)

(clause_print

lare reaquired. As you see

($not (triple
($not (triple
(Snot (triple
(snot (triple
(Snot (triple
(snot (triple
(snot (triple
($not (triple
($not (triple

(Kd
(Kd
(Kd
(Kd
(Kd
(Kd
(Kd
(Kd
(Kd

(1
(1
(1
(2
(2
2
3
(3
(3

1M
2))
an
1))
2))
an
1))
2))
3N

them prompted for., please enter values. )
nil)}
nil))
nil))
nil))
nil))
nil))
nil))
nil))
nil)))

(modified_by (likes_Tfinal_value))

(modified_on (16_14_831)))

(value_input_rb_rulel2 (stype (ifall))

(created_by (samir))
(created_on (13_12_8%1))
(sthen (conclude (Kd_matrix equal_diagonal_terms) false)
(clauvse_print
1All values of the Kd Controller Cain Matrix have been found. !))
(8if (triple (controller_type_desired
diff_cross_coup_het_axes)

=
no)

(triple (controller_type_desired
same_differential_control_for_all_axes)

=
no)
(clause_print

{The different values of the Kd Controller Qain Matrix alongl)

(clause_print

Ithe axes are required. Qains along the X, VY, and Z axes willl)



(values_input_rb_rule2

(clause_print
ibe prompted in that order. Please onter values.!)
($not (triple (Kd (1 1)) = nil))
(snot (triple (Kd (2 2)) = nil))
(Snot (triple (Kd (3 3)) = nil)))
(modified_by (likes_Tfinal_value))
(mndified_on (16_14_833)))
(Stype (ifall))
(created_by (samir))
(created_on (12_35_851))
($then (conclude (initial_value first_step_¢found) true))
(8if (triple (inertial_mat matrix_full) = true) '
(triple (Kp_matrix matrix_full) = true)
(triple (Kd_matrix matrix_full) = true)
(triple (initial_value quaternion_initialized)

true)
($not
(triple (initial_value integration_method) = nil))
($not
(triple (response_chosen response_type) = nil))
($not

(triple (initial_value axis_of_input_command)
=

nil))
($not (triple (initial_value TO) = nil))
($not (triple (initial_value error) = nil))
(triple (initial_value Y_matrix_full) = true))
(modified_by (1Samir, Andy. and Juani))
(modified_on (16_19_831)))

(value_input_rb_rule25 ($if (triple (initial_value init_omega=0_wanted) = yes))

(value_input_rb_ruletl

(value_input_rb_rule?

(created_by (samir))
(created_on (14_30_831))
($type (ifall)) .
($then (conclude (initial_value ocontrol_1) true)
(conclude (Y _matrix omega_x) 0.0)
(conclude (Y_matrix omega_y) 0.0)
(conclude (Y_matrix omega_z) 0.0)
(clause_print
iThe angular rate has been initialized. 1))
(modified_by
({Juvan J. Rodriguez-Moscoso & Bor~-Jau Hsiehl))
(modified_on (16_16_831)))
($type (ifall))
($if (triple (initial_value frame_full) = true))
(created_by (samir))
(created_on ({2_95_631))
($then (clause_print
{All parameter values needed for the simulation program have been found. §)
(clause_print
IBy using option 3 of the TOP LEVEL MENU, the simulation program can be!)
(clavse_print run.))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_16_8353)))
(stype (ifall))
(created_by (samir))
(created_on (13_12_831))
($then (conclude (Kp_matrix matrix_type) diagonal)
(conclude (Kp (1 2)) 0.0)
(conclude (Kp (1 3)) 0.0)
(conclude (Kp (2 1)) 0.0)



s i+ (conclude (Kp (2 3)) 0.0)
(conclude (Kp (3 1)) 0.0)
(conclude (Kp (3 2)) 0.0))
($if
(triple (controller_type_desired
prop_cross_coup_bet_axes)
=
no))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (1&6_16_851)))
(value_input_rb_rule? (stype (ifall))
(created_by (samivr))
(created_on (13_12_851))
(sthen (conclude (Kp_matrix equal_diagonal_terms) true)
(conclude (Kp (2 2)) (Kp (1 1)))
(conclude (Kp (3 3)) (Kp (1 1)))
(clause_print
1All values of the Kp Matrix have been found. 1))
($if (triple (controller_type_desived
praop_cross_coup_bet_axes)
-
no)
(triple (controller_type_desired
same_proportional_control_for_all_axes)
=
yes)
(clavse_print

IThe common value of the Kp gain for all axes is required.

(clause_print lcalled Kp (1 1).1)
($not (triple (Kp (1 1)) = nil)))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_16_851)))
(value_input_rb_ruleil (sStype (ifall))
(created_by (samir))
(created_on (13_12_8351))
($then (conclude (Kp_matrix squal_diagonal_terms) false)
(clause_print
1All values of the Kp Matrix have been faound. 1))
($it (triple (controller_type_desired
prop_crass_coup_bet_axes)
-
no)
(triple (controller_type_desired
same_proportional_control_for_all_axes)
-
no)
(clause_print

It isl)

1The values of the elements of the Kp Matrix along the axes arel)

(clause_print required.)

($not (triple (Kp (1 1)) = nil))

(Snot (triple (Kp (2 2)) = nil))

($not (triple (Kp (3 3)) = nil)))
(modified_by (iJuan J. Rodriguez-Moscosol))
(modified_on (16_156_831)))

(value_input_rb_ruleld (Stype (ifall))

(created_by (samir))

(created_on (13_14_831))

($then (conclude (Kp_matrix matrix_type) symmetric)
(conclude (Kp (2 1)) (Kp (1 2)))
(conclude (Kp (3 1)) (Kp (1 3)))
(conclude (Kp (3 2)) (Kp (2 3)))



» B (clause_print
{Al1l values of the Kp Matrix have been ¥ound. 1))
($if (triple (controller_type_desired
prop_cross_coup_bet_axes)
yes)
(triple (Kp_matrix matrix |ummotric) = yas)
(clause_print
iSince Kp is a symmetric matrix. only & of its values are required. !)
(clause_print
1As you see them prompted for, please enter values.!)
($not (triple (Kp (1 1)) = nil))
($not (triple (Kp (1 2)) = njl))
($not (triple (Kp (1 3)) = nil))
($not (triple (Kp (2 2)) = nil))
($not (triple (Kp (2 3)) = nil))
(snot (triple (Kp (3 3)) = nil)))
(modified_by (iJuan J. Rodriguez-Moscosal))
(modified_on (146_16_851)))
(value_input_rb_rulelé (Stype (ifall))
(created_by (samir))
(created_on (13_14_851))
($then (conclude (Kp_matrix matrix_type) regular)
(clause_print
{All values of the Kp Matrix have been found. 1))
($if (triple (controller_type_desired

prop_cross_coup_bet_axes)
=

yes)
(triple (Kp_matrix matrix_symmetric) = na)
(clause_print
iS8ince Kp is neither symmetric nor diagonal, all 9 of its values!)
(clause_print

lare required. As you see them prompted far: please enter values.!)
($not (triple (Kp (1 1)) = nil))
($not (triple (Kp (1 2)) = nil))

($not (triple (Kp (1 J)) = nil))
(snot (triple (Kp (2 1)) = nil))
($not (triple (Kp (2 2)) = nil))
($not (triple (Kp (2 3)) = nil))
($not (triple (Kp (3 1)) = nil))
($not (triple (Kp (3 2)) = nil))

($not (triple (Kp (3 3)) = nil)))
(modified_by (iJuan J. Rodriguez-Moscosol))
(modified_on (16_16_851)))
(value_input_rb_rule4 (stype (ifall))
(created_by (samir))
(created_on (12_13_853))
(sthen (conclude (initial_value second_step_found} true)
(clause_print
{All parameter values for FREGUENCY respouse analysis have been!)
(clauvse_print found. )}
($if (clause_print
{Initial parameter values for FREGUENCY vesponse analysis are required. !)
($not (triple (initial_value amplitude) = nil))
($not
(triple (initial_value init_frequency_value)
=
nil))
($not
(triple (initial_value



B frequency_del taT)

nil))
($not
(triple (initial_value number_of_decades) = nil))
{($not

(triple (initial_value
number_of_sampling_frequency_per_decade)
L J
nil))
(snot (triple (initial_value phase) = nil}}))
(modified_by (lJuan J. Rodriguezr~-Moscosol))
(modified_on (16_16_631)))

(value_input_rb_rulel3 (stype (ifall))

(value_input_rb_rulels

(created_by (samir)) )
(created_on (13_13_851))
($if (clause_print
iFor the present, the Inertia matrix is assumed to be diagonal. i)

(clause_print

11t is also assumed all diagonal elements to be ‘equal’. This!)
(clause_print

lassumption makes the ‘system’ uncoupled in nature. {)
(clause_print

i{Please enter the common element of the diamgonal of the Inertiall)
(clause_print Matrix.)
($not (triple (inertial_matrix (1 1)) = nild))
(Sthen (conclude (inertial_matrix (3 3))
(inertial_matrix (1 1)))
(conclude (inertial_matrix (2 2))
(inertial_matrix (1 1)))
(conclude (inertial_mat matrix_full) true)d
(conclude (inertial_matrix (1 2)) 0.0)
(conclude (inertial_matrix (1 3)) 0.0)
(conclude (inertial_matrix (2 1)) 0.0}
(conclude (inertial_matrix (2 3)) 0.0)
(conclude (inertial_matrix (3 1)) 0.0)
(conclude (inertial_matrix (3 2)) 0.0)
(clause_print
1All values of the ‘Inertia matrix’ have been found. !))
(modified by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_16_831)))
($type (ifall))
(created_by (samir))
(created_on (13_14_831))
($then (conclude (Kd_matrix matrix_type) symmetric)
{conclude (Kd (2 1)) (Kd (1 2)))
(conclude (Kd (3 1)) (Kd (1 3)))
(conclude (Kd (3 2)) (Kd (2 3)))
(clause_print
{All values of the Kd Matrix have bean faund. )}
(8if (triple (controller_type_desired
diff_cross_coup_bet_axes)
-
yes)
(triple (Kd_matrix matrix_symmetric) = yes)
(clause_print
ISince Kd is a symmetric matrix, only & of its values are required. !)
(clause_print
{As you see them prompted for. please enter values.!)
($not (triple (Kd (1 1)) = nil}))
($not (triple (Kd (1 2)) = nil))



($not
($not
($not
(¢$not

(triple
(triple
(triple
(triple

(Kd
(Kd
(Kd
(Kd

(1 3))
(2 2))
2 3»)
(3 3N

nil))
nil))
nil))
nil)))

(modified_by (lJuan J. Rodriguez~Moscoscl})
(modified_on (16_16_851)))



(file_index (frames.(file_index (simxpert.1))
(param_specs (simxpert.l))
(system_specs (simxpert.1))
(value_input_rb (rules. 1))
(sim_expert agenda (simxpert.1))
(start_agenda (simxpert. 1))
(top_level_agenda (simxpert. 1))
(top_level_menu (simxpert.1l))
(top_level_control (simxpert.1))
(stage_1_rb (simxpert.1l))
(change_param_control (simxpert. 1))
(disp_init_val_control (simxpert.1l))
(param_menu (simxpert. 1))
(disp_init_val_agenda (simxpert.1))
(disp_init_val_rb (simxpert.l))
(change_param_agenda (simxpert. 1))
(test_tb (as. 1))

(output_display_menu (simxpert. 1))
(output_display_control (simxpert.1))
(output_display_agenda (simxpert. 1))
(output_display_rb (simxpert.l))
{run_tb (simxpert. 1))

(run_agenda (simxpert.l))

(user_rb (user.l))

(change_param_rb (change. 1))
(change_matrix_rb (change.1)))

(files (simxpert.l (file_index)
(system_specs)
(param_specs)
(sim_expert_agenda)

"(start_agenda)
(top_level_agenda)
(top_level_menu)
(top_level_control)
(stage_1_rb (rule_base))
(change_param_control)
(disp_init_val_control)
(param_menu)
(disp_init_val_agenda)
(disp_init_val_rb (rule_base))
(change_param_agenda)
(output_display_menu)
(output_display_control)
(output_display_agenda)
(output_display_rb (rule_base))
(run_rb (rule_base))
(run_agenda))

(rules. 1l (value_input_rb (rule_base)))
(user.1l (user_rb (rule_base)))
(userl. 1l (user_test_rb (rule_base)))
(change. !l (change_param_rb (rule_base))
(change_matrix_rd (rule_basel)))))
(system_spocs (weights (default ((5 5))))
(param_default (message_format (print
iPlease: enter the following parameter value:l)
(path))
(prompt_+format (values))
(param_cf (no)) )
(value_type (numerical))
(value_multiplicity (single))
(value_required (yes))



. . (find_strategy (fget)
(try_all)
(ask)
(default)
(unknown)))
(backup_commands (b) (back) (backup) (up) (~) (undo)?}
(help_commands (help) (7) (hlep) (ehlp))
(shy_commands (why) (why?}))
. (param_specs (CF (default (1.0))
(unknown (0.0))
(value_type (numerical))
(range ((5>= 0.0)) ((<= 1.0))))
(TO (param_cf (no))
(message_format (print
iThe time of application of the input signal, also known as!)
(print
fthe initial time, 1is required. Usually its value is 0 01!)
(print seconds.)
(path)))
(Tfinal
(message_format (print
{The time at which the ‘simulation program’ should stop computing!)
(print
i{the state of the system is required. It is also known as Tfinal. )
(path)))
(proportional (value_required (yes))
(message_format (print
{Do you want a proportional (P) type control?l)
(print 1(For P and PD type control)!))
(prompt_format (menu_input))
(legal_values (yes) (no)))
(derivative (value_required (yes))
(legal_values (yes) (no})
(message_format (print
{Do you want a differential (D) type control?l)
’ (print i(For D and PD type controlli))
(prompt_format (menu_input)))
(number_of_sampling_¢frequency_per_decade
v 1 CCCCC start back on the left <CC<<
(message_format (print
IEnter the number of sampling frequencies per decadel)
(print 1for FREQUENCY responsel)
(print INormal value is 3 frequencies!))
1 22225 continue on the right >>>5>

(prompt_tformat (values)))

(number_of_decades (message_format (print

{Enter the number of decades of input signal for FREGUENCY responsel)
(print
iNormal value is 3 decades!))
- (prompt_format (values)))
(matrix_symmetric (value_required (yes))
(legal_values (yes) (no))

v (message_format (print
{Is the following matrix symmetric?!)
(path))
- (prompt_format (menu_input)))

(same_proportional_centrol_for_all_axes (value_required (yes))
(legal_values (yes) (no))
- ) (message_format (print
{Do you want the same proportional controller gain along!)



. . (print
lall axes ?!))
(prompt_format
(menu_input)))
(same_differential_control_for_all_axes (value_required (yas))
' (legal_values (yes) (no))
(message_format (print
iDo you want the same differential controller gain for!)
(print
lall axes ?!))
(prompt_format
(menu_input)))
(response_type (value_type (literal))
(value_multiplicity (single))
(value_required (yes))
(legal_values (IStep responsel) (IFrequency responsel))
(message_format (print
iPlease select from the following menu the type of System!)
(print
{rasponse, Pleas® make only one choice. !))
(prompt_format (menu_input)))
(likes_Tfinal_value (value_type (literal))
(value_multiplicity (single))
(valua_required (yes))
(legal_values (yes) (no))
(message_format (print
iJust above is the value of final time (Tfinal) as computed byl)
(print
{the system. Do you think that this value is what you want 2. 1)
(print
{1# you answer no then you can provide a new value for Tfinal.!))
. (prompt_format (menu_input)))
(frame_full) /™
(uanted_by_user (value_type (literal))
(valuve_multiplicity (single))
(value_reguired (yes))
(legal_values (yes) (no))
(message_format
(print
{Do you want the Guaternion block to be included in the simulation?!))
(prompt_format (menu_input)))
(roll_angle (prompt_format (values))
(value_multiplicity (single))
(message_format (print
IPlease enter initial roll angle (rotation about the X axis)i)
(print lEnter your value in vadians!)))
(pitch_angle (prompt_format (values))
(message_format (print
{Please enter initial pitch angle (rotation about the Z axis)!)
(print |Enter your value in radians!)))
(yaw_angle (prompt_format (values))
(message_format (print
{Please enter initial Yaw angle (rotation about Y axis)!)
(print {Enter your value in radiansi)))
(init_theta=0_wanted (value_type (literal))
(value_multiplicity (single))
(value_required (yes))
(message_format (print
Do you want the initial value of angular position to be 0.0 forl)
(print lall axes?!))
(prompt_format (menu_input))



T - (legal_values (yes) (no)))
(init_omega=0_wanted (value_type (literal))
(value_mnmultiplicity (single))
(value_required (yes))
(legal_values (yes) (no))
(message_format (print
IDo you want the initial value of the angular velocity to be 0.0!)
(print lall axes?!))
(prompt_format (menu_input)))
(equal _theta_values_for_all_axes (value_type (literal))
(value_multiplicity (single))
(value_required (yes))
(legal_values (yes) (noa))
(message_format (print
{Do you want the angular position (Theta) to have the same initiall)
(print
ivalue for all axss?!))
(prompt_format (menu_1input)))
(equal_omega_values_for_all_axes (value_type (literal))
(value_multiplicity (single))
(value_vequired (yes))
(legal_values (yes) (no))
(message_format (print
Do you want the angular velocity (Omega) to have the same initial!)
(print
{value for all axes?l))
(prompt_format (menu input)))
(intagration_method (valus_type (literal))
(value_multiplicity (single))
(value_required (yes))
(legal_values (Euler)
(IFourth-order Runge-Kuttal)
(iPredictor correctorl!))
(message_format
(print
iPlease, select one method of integration: I))
(prompt_format (menu_input)))
(deltaT (message_format (print
IPlease, enter a value for delta_T. This is the value of the timel)
(print Iincrcmont in the slmulatlon 1))
(prompt_format (values))
(range ((> 0.0)) ((< 0.1))))
(arror (range ((> 0.0)))
(message_format (print
{Enter the precision wanted for multi-step integration selected. !)
(print
i{Normal values range from 0.0001 (normal precision) to 1.E-10 1)
(print t(double precision). {)))
(wants_to_run_simulation (value_type (literal))
(value_multiplicity (single))
(value_required (yes))
(legal_values (yes) (no))
(message_format (print)

(print

iDo you want to run the Simulation Program?!)
(print

I = If you say NO, you can go back and review parameter values.!)
(print

| = If YES, you will be running the FORTRAN~77 simulation program. {))

(prompt_format (menu_input)))
(steady_state_error (message_faormat (print



. - IPlease, enter the stezady state error in percentage. For example.!)
(print
itype in 2.0 for a 2% steady state error. 1))
(prompt_format (values)))
(amplitude (message_format (print
IEnter the Amplitude ot the input waveform for FREGUENCY response!)
{(print !Normal value is 1.0 vadian!))
(prompt_format (values)))
(frequency_deltaT (prompt_format (menu_input))
(legal_values (256) (512) (1024))
(message_format (print
iPlease enter a value for deltaT for frequency response. !)
(print
1I1f you choose 3512 fraom the menu below deltaT will be fixed!)
(print
Ito 1/312 or 0.00195312 sec. !)
(print
1This value of 3512 is recommended. {)}))
(phase (message_format (print
IEnter the phase of the input waveform for FREQUENCY responsel)
(print INormal value is 0.0 radians!))
(prompt_format (values)))
(init_frequency_value (message_format (print
IEnter the lowest frequency of input wavwform to be applied to!)
(print
fthe system for FREQUENCY responsel!l)
(print
{Enter your value in Hert:z!)
(print
INormal value is 0.0139154 H:z corresponding to 0.1 rad/sec!))
(prompt_format (values)))
(diff_cross_coup_bet_axes (value_multiplicity (single))
(value_required (yes))
(legal_values (yes) (na))
(message_format
(print
iFor differential control do you want cross—coupling between control azxes?!))
(prompt_tformat (menu_input)))
(prop_cross_coup_bet_axes (value_multiplicity (single)}
(value_required (yes))
(legal_values (yes) (no))
(message_format
(print
{For proportional controls, do you want cross—coupling between control axes?!))
(prompt_format (menu_input)))
(param_specs))
(sim_expert_agenda ((frem ‘Y_matrix))
({frem ‘quaternion))
((frem ‘controller_type_desired))
((frem ‘inertial_mat))
((frem ‘Kd_matrix))
((frem ‘Kp_matrix))
((frem ’inertial_matrix))
((frem ‘Kd))
((frem ‘Kp))



{(frem “initial_value))
((reset_rule_base ‘value_input_rb))
((back ‘(value_input_rb_rulel)
‘value_input_rb)))
(start_agenda ((array eigi flonum—-block &))
((array eigr flonum-block &))
((array one_over_tav flonum-block 1))
((sat_up_frames_from_file ‘rules.l))
((set_up_frames_from_file ‘change. 1))
((include demonar. 1))
((array inertial_matrix flonum-block 3 3))
((array Kp flonum-block 3 3))
((array Kd flonum-block 3 3J))
((cfasl ‘eigenval.o
‘_eigen_
‘eigen
“real-function"
*=1F77"))
({include demon03. 1))
((include demon02.-1))
((include demon01.1))
({include demon00. 1))
((terpri))
((terpri))

((msg N

“This Expert System provides an intelligent interface to a generic"))
({(msg N

‘“simulation program for spacecraft attitude control problems. Below"))
((msg N

“is & menu of the functions the system can perform. Control will®))
({msg N

“rapeatedly return to this menu after executing each user requast. "))
((setq 22x (wait_for_user)))
((start_2_iterate)))
(top_level_agenda ((reset_rule_base ‘stage_i_rb))
((frem ‘top_level_choice))
((nenu_input ‘top_level_control))
((forward ‘stage_1_rb)))
(top_level_menu (1Exit to GENIE!)
(iSet up initial parameter values!)
(IRun simulation program!)
(iIDisplay current parsmeter values required for simulationl!)
(I1Display outputs generated by simulation!)
({Change initial parameter values required for simulationi)
(i16et up initial parameter values to default valuest!)
(1Store current parameter values in a disk file!))
(top_level_control ((clear_display))
(print)
(print I Please make only one choice at a time ##})
(prompt_specs (get_alternatives_from (top_level_menu))
(put_data_in (top_level_choice))
(data_input)))
(stage_1_vb (if_removed (d_remove_rules))
(created_by (samir))
(created_on (12_20_85!))
(rules (stage_1_rb_vrulel)
(stage_1_rb_rule2)
(stage_1_rb_ruled)
(stage_1_rb_rule8)
(stage_1_rb_rulel2)
(stage_1_rb_rule7)



f{stage_1_rb_rulelO)
(stage_1_rb_rvule?)
(stage_1_rb_ruleld)
(stage_1_rb_rulel3d)
(stage_1_rb_rulell)
(stage_1_tvb_ruleb)
(stage_1_rb_ruled))

(params_in_ifs (top_level_choice

(stage_1_rvb_rulel

(stage_1_rb_rule2

(stage_1_rb_ruled

(top_level_menu
(rule (stage_1_rb_rulel)
(stage_1_rb_rule2)
(stage_1_rb_rvuleY)
(stage_1_tb_rule8)
(stage_1_rb_rulel2)
(stage_1_rb_rule?)
(stage_1_rb_vrulelO)
. (stage_1_rb_rule?)
(stage_1_rb_ruled)
(stage_1_rb_rulel3d)
(stage_1_rb_rulell)
(stage_1_rb_rules)
(stage_i_rb_ruled))))
(user
(simulation_run

(rule (stage_Ii_vb_rulel) (stage_i_rb_rule?))))

(initial_value
(frame_full
(rule (stage_1_vrb_rule2)
(stage_1_rb_rvuled)
(stage_1_rb_ruleB)
(stage_1_vb_ruleld)
(stage_1_vb_rule?)
(stage_1_rb_rulel0)
(stage_1_rb_ruleld)
(stage_1_rb_ruleld)
(stage_1_rb_rulell)
(stage_1_rb_ruled))))))
(Stype (ifall))
(created_by (samir))
(created_on (14_4_831))
(8if (triple (top_level_choice top_level_menu)
-

{Display outputs generated by simulationt)

(triple (user simulation_run) = error_free))
($then (frem ‘output_display_choice)
(loop ‘out_disp))
(modified_by (juan))

(nodified_on (14_7_831)))

(stype (ifall))

(created_by (samir))

(created_on (12_20_8951))

($then (eval_agenda ‘run_agenda))

(8if (triple (top_level_choice top_level_menu)
=

{Run simulation program!)
(triple (injtial_value frame_*full) = trye))
(nodified_by (juan))
(modified_on (16_7_831)))
(etype (ifall))
($if (triple (top_level_choice top_level_menu)
=



‘Y

(stage_1_vb_ruleB

. B {Run simulation program!)
(Snot (triple (initial_value framao_full) = true)))
(created_by (samir))
(created_on (14_29_854))
($then (clause_print
{The simulation program cannot be run unless the initial parametert)
{(clause_print
ivalues needed for the simulation are given. VYou can use eitheri)
(clause_print loption 2 or 7 of the TOP LEVEL MENU. !))
(maodified_by (lJuvan J. Rodriguez-Moscosol))
(nodified_on (16_11_8351)))
(Stype (ifall))
(created_by (lJuan J. Rodriguez-Moscoso!))
(created_on (16_12_831))
(8if (triple (top_level_choice top_level_menu)
-

1Set up initial parameter valuest!)
(triple (initial_value frame_full) = true))
(Sthen (reset_rule_base ‘user_rb)
(back ‘(user_rb_rulel) ‘user_rb))
(modified_by (lJuan J. Rodriguez-Moscoso!))
(modified_on (16_12_831)))

(stage_1_vb_rulel2 (stype (itall))

(created_by ({Juan J. Rodriguez-Moscosol))

(created_on (16_11_83!))

($if (triple (top_level_choice top_level_menu)
-

I1Set up initial parameter valuest)
(snot (triple (initial_value frame_full) = true)))
($then (eval_agenda ‘sim_expert_agenda)
(frem ‘top_level_choice))
(nodified_by (lJuan J. Rodriguez-Moscasol))
(modified_on (16_12_831)))

(stags_1_rb_rule7 (Stype (ifall))

(created_by (samir))

(created_on (12_23_831))

($if (triple (top_level_choice top_level_menu)
-

iChangas initial parameter values required for simulation!)
(triple (initial_value frame_full) = true))
($then (clause_print
iYou will see a menu of the parameters that can be changed. By usingl)

(clause_print
foption 1 of this menu you can return to the TOP LEVEL MENU. 1)
(clause_print)
(clauvse_print l## BE CAREFULL #a})
(clause_print

| - The values you enter will be passed on to the simulation programl)
(clause_print § if you run it immediately. )
(clause_print
| -~ There is no intelligence present in this function. 6o, 1¢ youl)
(clause_print
| type in a wrong value an error might occur during the executiont)
(clause_print | of the simulation program. 1)
(frem ‘change_param_choice)
(loop ‘change))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (14_13_651)))

(stage_1_rb_rulelQ (stype (ifall))

(created_by (samir))
(created_on (15_S5_8351))



($if (triple (top_level_choice top_level_menu)

IChange initial parameter values required for simulationt)
($not (triple (initial_value frame_full) = true)))
(Sthan (clause_print
{There are no values in the database. Please use option 2 or 7 ofl)
(clause_print
{the TOP LEVEL MENU to set up the parameter values. They cannot bel)
(clause_print Ichanged from this level.!)) .
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsiehl))
(modified_on (16_13_831)))
(stage_1_rb_rule? (Stype (ifall))
($i¢ (triple (top_level_choice top_level_menu)
=

iDisplay outputs generated by simulationt!)
- ($not (triple (user simulation_run) = error_free)))
(created_by (samir))
(created_on (14_29_831))
(Sthen (clause_print
iThe output files generated by the simulation program cannot be dis-{)
(clause_print
iplayed unless the FORTRAN program has run succesfully. If you havel)
(clause_print
inot done sor please use option 3 of the TOP LEVEL MENU to run thel)
(clause_print {simulation program. 1))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_13_831)))
(stage_1_rb_rule3 (Stype (ifall))
(created_by (samir))
(created_on (12_20_831))
($i¢ (triple (top_level_choice top_level_menu)
=

iDisplay current parameter values required for simulationi)
(triple (initial_value frame_full) = true))
(Sthen (clause_print
1You will see a menu of the parameters which values can be seen by!)
(clause_print
iselecting the appropiate choices. You can return to the TOP LEVELI)
(clause_print IMENU by using option 1.1)
(clause_print)
(frem ‘disp_init_val_choice)
(loop ‘disp))
(modified_by (lJuan J. Rodriguez-Moscoso & Bar-Jau Hsiehl}))
. (modified_on (16_13_851)))
(stage_1_rb_ruleld (Stype (ifall))
($if (triple (top_level_choice top_level_menu)

iStore current parameter values in a disk filel)
(Snot (triple (initial_value frame_full) = true)))
(Sthen (clause_print
{There are no values in the database, hence no storage is possibletl)
(clause_print
fat this point. VYou are suggested to wuse option 2 of the TOP LEVELY)
(clause_print MENU. ))
(created_by ({Juan J. Rodriguez—-Moscoso & Bor-Jau Hsiehl))
(created_on (16_13_8531)))
(stage_1_rb_ruleii (Stype (ifall))
(created_by (samir))
(created_on (15_95_851))
(8if (triple (top_level_choice top_level_menu)
=



<

(stage_1_vb_ruleb

(stage_1_rb_ruled

- : iDisplay current parameter values required for simulation!)
($not (triple (initial_value frame_full) = true)))
($then
(clavse_print
{There are no values stored in the database, hence no display is possible. 1))

(modified_by (lJuan J. Rodriguez-Moscoso & Bor—dau Hsieht))

(nodified_on (16_16_831)))
(Stype (1¢a11))
(created_by (samir))
(created_on (12_23_831))
(si¢

(triple (top_lovol cholco top_level_menu)

lSot up initial parameter values to default values!i))
(Sthen (frem ‘Y_matrix)
(frem ‘quaternion)
(frem ‘response_chosen)
(érem ‘controller_type_desired)
(frem ‘inertial_mat)
(frem ‘Kd_matrix)
(frem ‘Kp_matrix)
(frem ‘Kd)
(frem ‘initial_value)
(frem ‘inertial_matrix)
(frem ‘Kp)
(exec 1s)
(clause_print)
(clause_print
iJust above is a listing of the current diroctoru Enter the name of thel)
(clauvse_print
Ifile which contains the default values. Be sure the file exists in thel)
(clauvse_print
icurrent directory, and it is a file created using option 8 of the TOP!)
(clause_print
ILEVEL MENU. If the file does not exist, then enter the name of any non!)
(clause_print lexisting file. )
(clause_print)
(msg * D>> *)
(set_up_frames_~from_¢ile (read)))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-~Jau Hsiehl))
(modified_on (1&6_16_831)))
(stype (ifall))
(created_by (samir))
(created_on (12_2%_831))
(8if (triple (top_level_choice top_level_menu)
-

{Store current parameter values in a disk filel)
(triple (injitial_value frame_tfull) = true))
(Sthen (exec 1ls)
(clauvse_print)
(clause_print
tJust above is & listing of all files in the current directory. Enter the!)
(clause_print
iname of the file whare the current parameter values will be stored. Bel)
(clause_print
{sure the name you enter does not conflict with the existing files in thel)
(clause_print lpresent directory. !}
(clause_print)
(msg " 2>> ")
(storage_of_initial_values))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsiehl))



(nodified_on (16_16_831)))
(change_param_control
(prompt_specs (get_alternatives_¢from (param_menu))
(put_data_in (change_param_choice))
(data_input)))
(disp_init_val_control
(prompt_specs (get_alternatives_from (param_menu))
(put_data_in (disp_init_val_choice))

{data_input))?}



(param_menv (|Return to TOP LEVEL MENU!)
(iResponse type!)

(lAxis of input commandl!)

(T0)

(Ttinal)

(IDeltaT (time increment)!)
(IMulti-step integration error)
(lInitial values of Omega and Thetal)
(IKp Matrixl!)

(iKd Matrixi)

({Inertial Matrixl)

(GQuaternion)

(lAmplitude of input wave signall)
(1Initial lowest frequencyl)
(IFrequency deltaT!)

(INumber of decadest!)

(INumber of sampling frequancies/decade!)
(IPhase of input wave signall)
(iGteady state errorl!))



(disp_init_val_ _agenda ((reset_rule_base ‘disp_init_val_rb))
((frem ‘disp_init_val_choice))

({menu_input

‘disp_init_val_control))

((forward ‘disp_init_val_rb)))
(disp_init_val_rb (i¢_removed (d_remove_rules))
(created_by (samir))
(created_on (12_235_831))
(rules (disp_init_val_rb_rulel)

(disp_init_val_rb_rule2)
(disp_init_val_rb_ruled)
(disp_init_val_rb_rulesd)
(disp_init_val_rbdb_ruled)
(disp_init_val_vrb_rules)
(disp_init_val_rb_rule7)
(disp_init_val_rb_ruleB8)
(disp_init_val_rb_rule?)
(disp_init_val_rb_rulel0)
(disp_init_val_rb_rulell)
(disp_init_val_rb_ruleld)
(disp_init_val_rbdb_ruleld) .
(disp_init_val_rb_rulel?)

(disp_1init_val_rb_rule18)
(disp_init_val_rb_ruleld)
(disp_init_val_rb_ruleld)
(disp_init_val_rb_rulelds)

(disp_init_val_rb_rulei?))

(parvams_in_ifs

(disp_init_val_choice

(param_menu

(rule (disp_init_val_rb_rulel)

(disp_init_val_rbd_rule2)
(disp_init_val_rb_ruled)
(disp_init_val_rb_ruled)



. {disp_init_val_rb_ruled)
(disp_init_val_rb_rules)

(disp_init_val_rb_rule?)

(disp_init_val_rb_ruleB)

(disp_init_val_rb_rule?)

(disp_init_val_rb_rulel0)

(disp_init_val_rbd_rulell)

(disp_init_val_rbd_rulel2)

(disp_init_val_rb_ruleld)

(disp_init_val_rb_rulel?7)

(disp_init_val_rb_rulels)

(disp_init_val_rb_rulelsd)

(disp_init_val_rb_rulell)
(disp_init_val_rb_rulelsd)
(disp_init_val_rb_rulel®))))))
(disp_init_val_rb_rulel (Stype (ifall))
($if (triple (disp_init_val_choice param_menu) = TO))}
(created_by (samir))
(created_on (12_23_831))
($then (delim_display)
(fprint ‘(initial_value TO)))
(modified_by (lJuan J. Rodriguezr-Moscosol))
(modified_on (16_15_851)))
(disp_init_val_rb_rule2 (Stype (ifall))
: ($if
(triple (disp_init_val_choice param_menu) = Tfinal))}
(created_by (samir))
(created_on (12_23_851))
(S$then (delim_display)
(fprint ‘(initial_value Tfinal)))
(modified_by (lJuan J. Rodriguez-Moscoso!))
(moditied_on (16_13_851)))
(disp_init_val_rb_rule3 (stype (ifall))
(created_by (samir))
(created_on (12_23_851))
(si¢
(triple (disp_init_val_choice param_menu)
-

-1DeltaT (time increment)!))
($then (delim_display)

(fprint ‘(initial_value deltaT)))
(modified_by (iJuan J. Rodriguez-Moscosol})
(modified_on (16_15_851)))

(disp_init_val_vrb_ruled (stype (ifall))
(created_by (samir))
(created_on (12_29%_8351))
($i¢
(triple (disp_init_val_choice param_menu)
=

IMulti-step integration error!))
($then (delim_display)
(fprint ‘(initial_value error)))
(modified_by ({Juan J. Rodriguez-Moscosol))
(modified_on (16_15_8351)))
(disp_init_val_rb_ruvleS ($type (ifall))

{(created_by (samir))
(created_on (12_23_851))

($i¢f

(triple (disp_init_val_choice param_menv)

Guaternian))



(disp_init_val_rb_rules

(disp_init_val_rb_rvule7

(sthen (delim_display) (fprint ’‘(quaternion)))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_13_831)))

(stype (ifall))

-{created_by (samir))

(created_on (12_25_6831))
(sif
(triple (disp_init_val_choice param_menu)
-

tInitial values of Omega and Thetal))
($then (delim_display) (fprint ‘Y_matrix))
(modified_by (lJuan J. Rodriguez~Moscosol))
(modified_on (16_13_831)))
(Stype (ifall))
(created_by (samiv))
(created_on (12_23_831))
(sif
(triple (disp_init_val_choice param_menu)
=

i{8teady state errorl!))
($then (delim_display)
(fprint
‘¢initial_value steady_state_error}))
(modified_by (lJuan J. Rodriguez—-Moscosol))
(modified_on (16_19_891)))



(disp_init_val_rb_ruleB (Stype (ifall))
(created_by (samir))
(created_on (12_27_831))
($if

(¢riple (disp_init_val_choice param_menu)
-

{Frequency deltaT!))
($then (delim_display)
(terpri)
(clause_print

i1The inverse of frequncy deltaT is displayed below. I)
(fprint

‘(initial_value frequency_deltaT)))
(modified by (wants_to_run_simulation))

(madified_on (Iq_}_BSl)))



(disp_init_val_rb_rule? (Stype (1fall))
(created_by (samir))
(created_on (12_27_831))
(si¢

(triple (disp_init_val_choice param_msnu)
-

lAmplitude of input wave signall))}
($then (delim_display)
(fprint ‘(initial_value amplitude)))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_13_851)))
(disp_init_val_rb_rulel0 (Stype (ifall))
(created_by (samir))
(created_on (12_27_8351))
($if

(triple (disp_init_val_choice param_menu)
;|

iInitial lowest frequencyl))
(sthen (delim_display)
(fprint
‘tinitial_value init_frequency_value)))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_15_851)))
(disp_init_val_rb_rulell (stype (itall))



(disp_init_val_rb_rulel2

(disp_init_val_rb_ruleid

(disp_init_val_rb_rulel?7

(disp_init_val_rb_rulelB

(disp_init_val_rb_ruleld

(created_by (samir))
(created_on (12_27_851))
($if

(triple (disp_init_val_choice param_menu)
=

iNumber of decadesl!))
($then (delim_display)
(fprint
‘(initial_valuve number_of_decades)))
(modified_by (l!Juan J. Rodriguez-Moscoso!))
(modified_on (1&6_135_831)))
($type (ifall))
(created_by (samirt))
(created_on (12_27_8351))
($if
(triple (disp_init_val_choice param_menu)
-

iNunber of sampling frequencies/decadel))

($then (delim_display)
(fprint
‘(initial_value
number_of_sampling_frequency_per_decade)))

(modified_by (iJuan J. Rodriguez-Moscosol))
(modified_on (16_135_851)))
($type (ifall))
(created_by (samir))
(created_on (12_27_851))
(si¢
(triple (disp_init_val_choice param_menu)

=

{Phase of input wave signall))
($then (delim_display)

(fprint ‘(initial_value phase)))
(modified_by (lJuan J. Rodriguvez-Moscosol))
(modified_on (16_195_831)))

($type (ifall))

(created_by (samir))

(created_on (13_3_831))

($i¢f

(triple (disp_init_val_choice param_menu)
=

tAmplitude of impulsel!))
($then (delim_display)
(fprint
‘Cinitial_value impulse_amplitude)))
(modified_by (lJuan J. Rodriguez-Maoscosol))
(modified_on (16_15_831)))
($type (ifall))
(created_by
(lJuan J. Rodriguez-Moscoso & Bor—~Jau Hsiehl!l))
(created_on (16_10_851))
($i¢f )
(triple (disp_init_val_choice param_menu)

{Response typel))
($then (delim_display)
(fprint
‘(response_chosen response_type)))
(modified_by (lJuan J. Rodriguez—-Moscosol))
(modified_on (16_1%5_831)))
(stype (ifall))



(disp_init_val_rb_ruleld

(disp_init_val_rb_rvlels

(disp_init_val_rb_rulel9

(ereated_by (samir))
(created_on (13_12_85!))
($if
(triple (disp_init_val_choice param_menu)
-

1Kp Matrixt))

($then (delim_display)
(clause_print)
(clause_print

{The Kp matrix is being displayed:!)

(clauvse_print

)
(printarray ‘Kp)
(terpri))

(modified_by (lJuan J. Rodriguez-Moscosol))

(modified_on (16_13_631)))

(Stype (ifall))

(created_by (samir))

(created_on (13_12_851))

(sit

(triple (disp_init_val_choice param_menu)
=

IKd Matrixl))
($then (delim_display)
(clauvse_print)
(clause_print
IThe Kd matrix is being displayed: |)
(clause_print

)
(printarray ‘Kd)
(terpri))

(modified_by (tJuan J. Rodriguez-Moscosol))

(modified_on (16_13_831)))

($type (ifall))

(created_by (samir))

(created_on (13_12_651))

(sit

(triple (disp_init_val_choice param_menu)
-

{Inertial Matrixi))
(sthen (delim_display)
(clause_print)
(clause_print
{The Inertial matrix is being displayed: 1)
(clause_print

)
(printarray ‘inertial_matrix)
(terpri))
(modified_by (lJuan J. Rodriguez-Moscosol))
(modified_on (16_15_831)))
($type (ifall))
($if
(triple (disp_init_val_choice param_menu)
=

{Axis of input command!))
(created_by (samir))
(created_on (16_15_851))
($then (delim_display)
(clavse_print)
(clause_print
IDisplaying the axis of the input command!)



- s {(fprint
‘tinitial_value axis_of_input_command)))
(modified_by (1Juan J. Rodriguez-Moscosol))
(modified_on (16_15_831)))
(change_param_agends ((reset_rule_base ‘change_param_rb))
((frem ‘change_param_choice))
((menu_input ‘change_param_control))
((forward ‘change_param_rb)))
(output_display_menu (IReturn to TOP LEVEL MENU!)
({Plot of omegal)
(i1Plot of thetal)
(iCharacteristics of the step response analysis!)
(INumerical output generated by simulationt))
(output_display_caontrol (print
{The simulation program gensrates the following outputs:t)

(print 1 = Options 2 and 3 are ASCII file plottings. |)
(print | = Options 4 and 5 are numerical outputs. !)
(print

{Be sure to have run the simulation before observing thel)
(print

foutputs. The outputs shown will correspond to ths out-!)
(print

lputs generated when the simulation was last run.!)
(prompt_specs (get_alternatives_from
(output_display_meny))
(put_data_in (output_display_choice))
(data_input)))
(output_display_sagenda ((frem ‘output_display_choice))
((reset_rule_base ‘output_display_rb))
((menu_input ‘output_display_control))
((forward ‘output_display_rb)))
(output_display_vb (if_removed (d_remove_rules))

(created_by (samir))

(created_on (14_4_851))

(rules (output_display_rb_ruled)
(output_display_rb_rule?7)
(output_display_rb_ruleB)
(output_display_rb_rule?)
(output_display_rb_rulelO)
(output_display_rb_rulell)
(output_display_rb_rulel)
(output_display_rb_rule2)
(output_display_rb_ruleS)
(output_display_rb_rulesd)
(output_display_rb_ruleld)
(output_display_rb_ruleld))

(params_in_ifs (output_display_choice

(output_display_menu

(rule (output_display_rb_ruled)

(output_display_rb_rule?)
(output_display_rb_ruleB8)
(output_display_rb_rule?)
(output_display_rb_rulel0)
(output_display_rb_rulell)
(output_display_rb_ruletl)
(output_display_rb_rule)
(output_display_rb_ruled)
(output_display_rb_ruleb)
(output_display_rb_ruled)
(output_display_rb_rulel2))))

(user



(output_display_rb_ruled

(output_display_rb_rule7

(output_display_rb_ruleB

(output_display_rb_rule9

3 (last_response_run
(rule (output_display_rb_ruvle4)

{output_display_rb_rule7)
(output_display_rb_ruled)
(output_display_rb_rule?)
(output_display_rb_ruleiO)
(output_display_rb_ruleil)
(output_display_rb_rulel)
(output_display_rb_rule2)
(output_display_rb_ruleS)
(output_display_rb_rules)
(output_display_rb_ruled)
(output_display_rb_rulei12))))))

($type (ifall))

(created_by (samir))

(created_on (14_4_831))

(sthen (exec cat numerQout. stp))

($i¢ (triple (output_display_choice

output_display_menu)
=

INumerical output generated by simulation!)
(triple (user last_response_run)
-

{8tep responsel))
(modified_by
(iJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_9_851)))
($type (ifall))
(sthen (exec cat thetaOcha. imp))
(created_by (samir))
(created_on (15_4_851))
(8if (triple (output_display_choice
ovtput_display_menu)
=
ICharacteristics of the analgsisl)
(triple (user last_response_run)
=

{Impulse responsel))
(modified_by
(t{Juan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_9_851)))
(stype (ifall))
($if (triple (output_display_choice
ovtput_display_menu)
-
INumerical output generated by simulationl!)
(triple (user last_response_run)
-

{impulse responsel))
($then (exec cat numerOout. imp))
(created_by (samir))
(created_on (135_4_831))
(modified_by
({Juan J. Rodriguez-Moscoso & Bor-Jau Hsiehl}))
(modified_on (16_9_831)))
($type (ifall))
($then (exec cat numerOout. frq))
(created_by (samir))
(created_on (15_4_851))
($if (triple (output_display_choice
output_display_menvu)



- ) =

{Numerical output gencrated by cimulationt)
(triple (user last_response_run)
i{Frequency responsel))
(modified_by
(iJvan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_9_831)))
(output_display_rb_rulelO (Stype (ifall))
(sthen (frequency_output_display ‘theta))
(created_by (samir))
(created_on (195_4_831))
($if (triple (output_display_choice
output_display_menu)
-
iPlot of thetal)
(triple (user last_response_run)
-

iIFrequency responsel))
(modified_by
(lJuan J. Rodriguez-Moscoso & Bor-Jau Hsish!}))
(modified_on (16_9_851)))

(output_display_rb_rulell (Stype (ifall))

(sthen (frequency_output_display ‘omega))
(created_by (samir))
(created_on (15_4_831))
(8if (triple (output_display_choice

output_display_menu)

-

iPlot of omegal)
(triple (user last_response_run)
-
iFrequency responsel))
(modified_by
(iJvan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_9_831)))
(output_display_rb_rulel (Stype (ifall))
(created_by (samir))
(created_on (14_4_831))
(8if (triple (output_display_choice
output_display_menu)
=
{Plot of omegal)
(triple (user last_response_run)
=

iStep responsel!))
(8then (exec cat omegaOplt.stp) (clear_display))
(modified_by
(i{Bor-Jau Hsieh & Juan J. Rodriguez-Moscoso!))
(modified_on (16_13_831)))
(output_display_rb_rule2 (stype (ifall))
(created_by (samir))
(created_on (14_4_8351))
($if (triple (output_display_choice
ovtput_display_menu)
-
{Plot of thetal)
(triple (user last_response_run)

iStep responsel))
(Sthen (exec cat thetaOplt.stp) (clear_display))



. tmodified_by
(iBor-Jau Hsieh & Juan J. Rodriguoz-Moscosoil))
(modified_on (16_13_851)))
(output_display_rb_ruled (Stype (ifall))
(created_by (samir))
(created_on (13_4_851))
($if (triple (output_display_choice
output_display_menu)
-
{Plot of omegal)
(¢riple (user last_response_run)
-
IImpulse response!))
(sthen (exec cat omegaOplt. imp) (clear_display))
(modified_by
(iBor—-Jau Hsieh & Juan J. Rodriguez-Moscosol))
(modified_on (16_13_831)))
(output_display_tbd_rvulebd (stype (ifall))
(created_by (samir))
(created_on (195_4_8351))
(sif (triple (output_display_choice
output_display_menvu)
=

{Plot of thetal)
(triple (user last_response_run)
=

{Impulse response!l))
($then (exec cat thetaOplt. imp) (clear_display))
(modified_by
(1Bor-Jau Hsieh & Juan J. Rodriguez-Moscosol))
(modified_on (16_13_831)))
(output_display_rb_ruled (stype (ifall))
(created_by (samir))
(created_on (14_4_831))
($then (exec cat thetaOcha.stp))
($if (triple (output_display_choice
output_display_menu)
-
ICharacteristics of the step response analysisi)
(triple (user last_response_run)
=
1Step responsel))
(modified_by (!{Bor-Jau Hsiehl))
(modified_on (16_17_851)))
(output_display_rb_rulel2 (Stype (ifall))
(created_by (wants_to_run_simulation))
(created_on (135_S_8351))
($then (clavuse_print
{This option is for STEP response only, for FREQUENCY responsel)
{(clause_print
{please use options 2, 3, and 5. 1))
($if (triple (output_display_choice
ouvtput_display_menu)
-

{Characteristics of the step response analysisl)
(triple (user last_response_run)
IFrequency response!))
(modified_by (wants_to_run_simulation))
(modified_on (146_17_8351)))
(run_rb (if_removed (d_remove_rules))



(created_by (samin))

(created_on (14_22_831))

(rules (run_rb_rule2) (run_rb_rulel))
(params_in_ifs (response_chosen

(response_type (rule (run_rb_rule2) (vun_rb_rulel))))

(user (likes_Tfinal_value (rule (run_rb_rule2)))
(Tfinal_valvue_found (rule (run_rb_rulel)))
(wants_to_run_simulation (rule (run_rb_rulel))))

Ginitial_value (frame_full (rule (run_rb_rulel)))))

(param_specs (frame_full (find_strategy (fget))))
(param_conclusions (user (Tfinal_value_found (rule (run_rb_rule2))))))
(run_rb_rule2 (stype (ifall))

(rdn_rb_rulol

(creatad_by (samirt))
(created_on (14_28_8%1))
(i (triple (response_chosen response_type) = {Step responsel)
(prog nil
(frem ‘(initial_value Tfinal))
(fput ‘(initial_value Ttinal)
(quotient 5.0 (one_over_tav 0)))
(fprint ‘(initial_value Tfinal)))
(triple (user likes_Tfinal_value) = yes))
(sthen (conclude (user Tfinal_value_found) true))
($else (conclude (user Tfinal_value_found) true)
(frem ‘(initial_value Tfinal))
(clause_print
IEnter your desired value for ‘#inal time’ (Tfinal): )
{msg N " D> %)
(fput ‘(initial_value Tfinal) (read)))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsieh!))
(modified_on (16_13_831)))
($type (ifall))
(created_by (samir))
(created_on (14_22 _831))
($i¢ (triple (initial_value ¢frame_¢full) = true)
(sor (¢and (triple (response_chosen response_type)
-

iGtep vesponsel)
(¢triple (user Tfinal_value_found) = true))
(sand
(triple (response_chosen response_type)
-

iFrequency responsel))
(triple (response_chosen response_type)
-

{Impulse responsel))
(triple (user wants_to_run_simulation) = yes))
(Sthen (clear_display)
(clause_print
iInitial parameter values are being put into ‘input file’l)
(setup_init_val_in_simula. inp)
(clause_print)
(clavse_print
iThe ‘simulation program’ is now being run... (Be patient)!)
(start_sim))
(modified_by (lJuan J. Rodriguez-Moscoso & Bor-Jau Hsiehl))
(modified_on (16_16_8%91);}

(run_agenda ((frem ‘eigr))
((frem ‘eigi))
((frem ‘one_over_tau))
((frem ‘user))
((store_values_in_lisparray_¢from_frame ‘Kp))
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(user_rb (if_removed (d_remove_rules))

(created_by (samir))

(created_on (15_4_851))

(param_specs (decision_about_removing_values (value_type (literal))
(value_multiplicity
(single))
(value_required (yes))
(prompt_format
(menu_1input))
(find_strategy (ask))
(legal_values (yes) (no))

I CCCCC start back on the Jeft €CC<<C
(message_format (print IDo you wish to change the ‘Response type’ ?!)

(print

{ - If gou say YES:, all the current parameter values will be saved!)
(print

! and you will be prompted for a new selection of ‘Response type’.!)
(print

I — I# NO, the ‘Response type’ will be saved and all the current!)
(print | parameter values will be removed. }))
1 22000 continue on the right >>55>
)

(decision_about_removing_value))
(rules (user_rb_rulel))
(params_in_1i¢s
(user (decision_about_removing_values (rule (user_rb_rulel))))))
(user_rb_rulel (created_by (samir))
(created_on (13_4_851))
(Selse (reset_rule_base ‘value_input_rb)
(frem ‘(user decision_about_removing_values))
(frem ‘response_chosen)
(back ‘(value_input_rbd_rulel)
: ‘value_input_rbd))
(Stype (ifall))
(81i¢ (triple (user decision_about_removing_values) = no))
(sthen (frem ‘(user decision_about_removing_values))
(eval_agenda ‘sim_expert_agenda))
(modified_by (likes_T#inal_value))
(modified_on (16_15_851)))
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Subroutine ANALYSIS

*
*
*
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This soubroutine will analyze:

1) step response:
Percent of Maximum Overshoot
Peak Time
Rising Time (10%Z - 90%)
Delay Time (0% - S0%)
Settling Time (within SSE which was provided by the user)

2) Frequency response:
when system in steady-state, the routine will calcualte
the summations of sine and cosine series.

3) Impulse response:
Peak Vaule
Peak Time
Settling Time (within Steady State Error)

Written by Bor-Jau Hsieh (Andy) (Apr-03-83)
Revised by Bor-Jau Hsieh (Andy) &
Juan J. Rodriguez—-Moscoso (Jun=-12-89)

SUBROUTINE ANALYSIS ( ndim: t. Y, Therr, Omerr )

COMMON AREAS AND DIMENSION ARRAYS

+ ++ 4+

++++ 4+

IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON / FLAG / FLAG(7)

COMMON /READIN/ Bound(15) » Yin(10) » Kp(3, 3)
Kd (3, 3) + INMAT(3,3) » INMATV(Q, 3)
Thcom(3) s+ Omcam(3)

COMMON / STEP / PMO(3) + RTini(3) » RTend(3)
DT(3) s STUD) « PT(I)
RT(3) » RTimin(3) » RTemin(3)
DTmin(3) + Thpeak(3d)

COMMON / FRQ1 / Amp + Omega » Phase
ts

COMMON / FRG2 / THAMP(3) » THFEE(3) » THAOL(3)
THPOL () » THS(3J) +» THC(3)
X1(3) v X2(3) '
OMAMP (3) +» OMFEE(3) » OMADL(3)
oMPOL(3) ¢ OMS(I) + OMC(3)
X3(I) » X4(3) ¢+ XN

COMMON / IMPU / ST_imp(3) + PT_imp(3) » Thpeak_imp(3)

COMMON / PI / Pl
COMMON / DAMP / damp_flag



DIMENSIDd §(10) » Therr(3) + Omerr(3)

INTEGER damp_#Flag
REAL*8 Kp + Rd + INMAT . INMATV
LOGICAL %1 FLAGC

c#* COMPUTATIAONS

€ STEP ANALYSIS
IF ( FLAG(1) )
THEN
1 =3
IF ( FLAG(4) ) I = 1 + 4

[ 2 27 Calculate Maximum Overshoot (Thpeak)
DOK=1, 3
IF ¢ DABS( Y(K+1) ) .CT. Thpeak(K) )
THEN
Thpeak(K) = Y{K+])
PT(K) = ¢
END IF
END DO

C ¥ 1¢ no damping, only PMO & PT are computed.
IF ( damp_flag .EQ. O ) GOTO S
DO J= 1, 3

[ 22 Calculate Rising Time (RT)
IF ¢ DABS{ DABS(Y(J+I)) = 0. 1dO*Thcom(J) )
+ .LT. RTimin(y) )
. THEN
RTimin(J) = DABS( DABS(Y(J+I)) - 0. 1d0O%#Thcom(J) )
RTinit(J) = ¢

END IF

IF ( DABS( Y(J+1) - 0.9d0%*Thcom(J) )
+ .LT. RTemin{(J) )
. THEN

RTemin(J) = DABS(Y(J+I) - 0. 9dO#Thcom(J))
RTend(J) = ¢
END IF

R 21 Calculate Delay Time (DT)
IF ( DABS(Y(J+I) ~ 0. 5d0*Thcom(J))
+ LT, DTmin(Jd) )
THEN .
DTmin(J) = DABS(Y(J+I) ~ 0. 5dO%Thcom(J))
DT(J) = ¢
END IF

C *ER Calculate Settling Time (ST)
IF ( Y(J+1) .NE. 0.0DO ) THEN
IF ( DABS(Y(J+1) ~ Thcom(J))

+ .6T. (Bound{(&6)#Thcom(J)/100.d0) )
+ THEN
ST(J) = 0.0D0
ELSE

IF ( ST(J) .EG. 0.0DO0 ) ST(J) = ¢



N

END IF,

END IF
END DO
5 RETURN
END IF
c FREGUENCY ANALYSIS c
IF ( FLAG(2) )
+ THEN

IF ¢ t .LT. ts ) GOTO 10

c WEN Integrate SINE and COSINE Series
THS(1) = THS(1) + DSIN(Omega#t)*Therr(l)
THS(2) = THS(2) + DSIN(UOmega#t)#Therr(2)
THS(3) = THS(3) + DSIN(Omega#*#t)#Therr(3)

THC(1) = THC(1) + DCOS(Omega*t)*Therr(1)
THC(2) THC(2) + DCOS(Omega#t)*#Therr(2)
THC(Q) = THC(3) + DCOS(Omega#t)*Therr(3)

OMS(1) = OMS(1) + DSIN(Dmegast)*Omerr(1)
OMS(2) = OMS(2) + DSIN(Omega#t)*Omerr(2)
OMS(3) = OMS(3) + DSIN(Omega%t)*Omerv(3J)

OMC(1) = OMC(1) + DCOS(Omega#t)*Dmerr(1)
OMC(2) = OMC(2) + DCOS(Omega#t)+*Omerr(2)
OMC(3) = OMC(J) + DCOS(Omega#t)*Omerr(3)

C #un Compute the new Angular Position & Rate errors, and
[ check Quaternion.

10 CONTINUE
: IF ( FLAG(4) ) THEN
prototype = 1.0
ELSE
prototype = 0.0
END IF

Therr(1) = Therr(1) + Amp#DSIN(Omega*t+Phase)*Bound(13)
Therr(2) Therr(2) + Amp*DSIN(Omega#t+Phace)*Bound(14)
Therr(3) = Therr(3) + Amp*DSIN(Omegast+Phase)#Bound(15)

Omerr(1) = Omerr(1) + Amp#Omega*DCOS(Omega*t+Phase)s
+ Bound(13)# (1.0-prototype)

Omerr(2) = Omerr(2) + Amp*Omega*DCOS(Omega*t+Phase)s
+ Bound(14)%* (1. O-prototype)

Omerr{(3) = Omerr(3) + Amp*Omega*DCOS(Omegart+Phase)s
+ Bound(15)# (1. O-prototype) .

RETURN -

END IF

c IMPULSE ANALYSIS

IF ( FLAG(3) ) THEN
C R Checking out Quaternion Flag
I =3
IF ( FLAG(4a) Y I = I + 4
poJv=1, 3
C R Calculate P'eak Value (Thpeak_imp)
IF ¢ Y(J+IN GT. Thpeak_imp(J) ) THEN
Thpeak_imp(J) = Y(J+]I)
PT_imp(J) = ¢

(o]
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c * SUBROUTINE BODY_DYNAM L
c * *
€SI I 3 3 A 06 00 00 30 00 30063090 30000 0000 30 5036 3000 30 0030 0160600 00 3000 30 063030 30 0840 3030 00 30 30 000 40 96 30 3630 %
C e Routine written by Juan J. Rodriguez-Moscoso (Jan-24-85)
c Revised by Juan J. Rodriguez-Moscoso & .
c Bor-Jau Hsieh (Andy) (May—-10-85)
SUBROUTINE BODY_DYNAM ( ndim. Torque, Y, Ydot )
c
c* COMMON AREAS AND DIMENSIONS ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON /READIN/ Bound(15) » Yin(10) +» Kp(3,3) ’
+ Kd(3,3) +» INMAT(3, 3) + INMATV(3, 3) '
+ Thecom(3) + Omcom(3)
COMMON / FLAG / FLAG(7)
DIMENSION Torque(3) ' ' Torque command.
+ Y(10) , ! state vector.
+ Ydot(10) ’ ! derivative of state
+ tmp(3), tmpl(I) ! Local storages.
REAL#8 Kp + Kd » INMAT , INMATV
LOGICAL#*1 FLAG
c
(3 COMPUTATIONS *

C ke BODY DYNAMICS 122

DO i=1,3
ia = i%{(11-3#i)/2-2
ib = i#(3#i-13)/2+8
tmp(i) = 0. 040
tmpi(i) = 0.0d0
) ]0) J=1.3

tmpli) = tmp(i) + Y(J)*INMAT(ib, )
tmpl1(i) = tmpi(i) + Y(y)*INMAT(ia, )
END DO

tmp(i) = Y(ia)*tmp(i)

tmpili) = Y(ib)#tmpl1(i)

tmp(i) = Torque(i) - tmp(i) + tmpl(i)
END DO

po i=1,3
Ydott(i) = 0. d0
DO k=1, 3
Ydot(i) = Ydot(i) + INMATV(i, k)#tmp(k)



C H#n

END DO .
END DO '
Quaternion check out. If the Quaternion block is present during
the SIMULATION, then RETURN and let the GUATERNION routine make
the computational work to forming the quaternion-rate eqs.

IF ( FLAG(4) ) RETURN
Ydot( 4) = Y( 1)
Ydot( 5) = ¥( 2)
Ydot( &) = ¥( J)

RETURN
END
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* Subroutine CHECK_ERROR *
» »
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*ue This subroutine check ervor flag "ihlf" for both
Runge-Kutta and Predictor-Corrector integration methods.

(12 Written by Bor-Jau Hsieh (Andy) &
Juan J. Rodriguez-Moscoso (May—12-85)

annnNnnNnN

SUBROUTINE CHECK_ERROR ( ihlf, ICODE )

c# COMMON AREAS AND DIMENSIONS ARRAYS »

IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON 7/ FLAG / FLAG(7)
LOGICAL %1 FLAG

c* COMPUTATIONS *

ICODE = O
ivar = ihl¢ - 10
IF ( ivar ) 50, 50, 10
10 G0 TO ( 20, 30, 40 ), ivar

20 CONTINUE
C R Check FLAG(i) L[i=1,2,3] to determine OUTPUT unit
DO i=1.,3
IF ( FLAG(i) )
THEN
WRITE(i, 25)
END IF
END DO
ICODE = 1
RETURN

30 CONTINUE
[ 21 Check FLAG(1i) [i=1,2,3] to determine OUTPUT unit
DO i=1,3
IF ¢ FLAG(1) )
THEN
WRITE(i, 35)
END IF
END DO
ICODE = 1
RETURN

40 CONTINVE
C RN Check FLAG(i) [i=1,2.3) to determine OUTPUT unit
Do i=1,3



‘ There was no Convergence by applying this method of

‘ Both, initial and final values of the interval under

‘The final value of the interval under consideration is

ERROR DETECTED

ERROR DETECTED

ERROR DETECTED

IF ( FLAG(1) )
THEN' *
WRITE(i. 45)
END IF
END DO
ICODE =
RETURN
50 RETURN
C FORMATS
25 FORMAT ( 1HO, 15X,
+ 4
+ /1H , 15X,
+
+ /1H , 15X, :
+ ! Integration. Execution stopped. ’)
35 FORMAT ( 1HO. 15X,
+ .
+ /1H , 15X,
+
+ /1H , 15X,
+ ‘ consideration, are zero. Execution stopped. ’)
45 FORMAT ( 1HO, 15X,
+ ’
+ /1H , 15X,
+
+ /1H , 15X,
+ ‘less than the initial valuvue.

Execution Stopped. ‘)

END
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*

Subroutine CONTROLLER

»
*
*

30 3303 33 36 3 3 6636 3 3 3 336 2363 36 I I ¢ 3 2 6 23 336 U U W2 I I A I I I

External subroutine to compute the right hand sides Ydot of the
system to given values x and Y. This routine,

should not destroy x and V.

if accessed,

For this particular application, we consider Ydot as the
derivative of omega and theta in THE BOdy DyNamics equations.

L2 Routine written by Juan J. Rodriguez-Moscoso (Jan-24-85)

Last revised by Juan J. Rodriguez-Moscoso

c Bor-Jau Hsieh (Andy) {May-05-85)
SUBROUTINE CONTROLLER ( ndim: Therr. Omervs Torque )
c
c#* COMMON AREAS DEFINITIONS AND ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H.0-2)
COMMON /READIN/ Bound(15) » Yin(10) v Kp(3,3) ’
+ Kd {3, 3) » INMAT(3,3) » INMATV(3, 3) ’
+ Thcom(3) » Omcom{3)
DIMENSION Torque(d) » Therr(3) + Omerr(3)
REAL 8 Kp + KA + INMAT ,
c
(3 COMPUTATIONS *
c
c wER The torque dimensioning will be 3 (= ndim/2). Its computation is
c done in this subroutine, but it can be modified to another rou-
c tine which may be called from this one; i.e, the torque calcula-
c tions will be enclosed in this block of programing.

AN ANNN AN ANANANN

* Also, the Input commands (desired output) is passed thru the
COMMON statement:

COMMON /READIN/

where,
Bound:
Yin:
Kp:
Kd:
INMAT:
INMATV:
Thcom:
Omcom:

and,

Bound(195) s Yin(10)
Kd (3, 3) » INMAT(3,3)
Theom(3) + Omcom(3)

Boundary conditions array.
Vector of states.

Matrix Kp(i,)) Controller,
Matrix Kd(i, yj) Controller,
Inertia Matrix, and
Inverse Inertia Matrix.
Position Command,

Angular Velocity Command.

Kp (3, 3)
INMATV(3, 3)
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SUBROUTINE DRAW_AXES
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Written by Juan J. Rodriguez-Moscoso on 22-May-85

Last revised on 22-Jun-8%

This routine draws the vertical and horizontal axes of the screen

plot generated by SCR_PLOTTER.

SUBROUTINE DRAW_AXES ( iunit, Ymax, Ymin, t, nt )
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON /7 FLAG / FLAG(7)
COMMON / SCRP / number_records.,
number_decades,
number_samp_#F
DIMENSION tint)
INTEGER cero_pos
LOGICAL#*1 FLAG
CHARACTER#*5 zero_pos, moverio
CHARACTER*4 upl
CHARACTER#*3 home
CHARACTER#*1 BAR, PLUS, MENOS, blank
CHARACTER#&1 AX1S
DATA BAR/'1’/, PLUS/’+'/, MENOS/’'~’/, blank/’ ‘*/
call cursor_home( home. 1, idummy )
call cursor_up( vpi, 1, idum, 1 )
WRITE(iunit, #) home
IF ( Ymax .EQ. 0.0 .AND. Ymin .EQ. 0.0 )
THEN
Ymax = 1,0
Ymin = -1.0
END IF
WRITE(iunit, #) home
call cursor_right( moveriO, 1, idummy, 10 )
do i=1,21
Y = Ymax - (i-1)%(Ymax-Ymin)/20
WRITE(iunit.1010) Y, BAR
end do
IF ( FLAG(2) ) ! Only for FREQUENCY Plotting.
THEN
DO i=1,number_decades-1
muevete = i®b0/number_decades + 10
call cursor_right( zero_pos. idummy, muevete )

WRITE(iunit, #) home
D0 y=1,21
WRITE(iunit, %) zero_pos,
END DO
END DO
END IF

BAR



10
20
30
40
50
&0

70

call cursor_right( zero_pos., 1, idummy, 70 )

WRITE(iunit, #) home
do i=1,21

WRITE(iunit, #) zero_pos, BAR
end do

IF ( FLAG(1) )
THEN
do i=1,6
ii = 10%i-9
AXIS(ii:ii) = PLUS
do y=1,9
ig=1ii +
AXIS(ig:iy) = MENOS
end do
end do
ELSE
DO J=1, 61
AXIS(J:J) = MENOS
END DO
AX1S(1:1) = PLUS
do j=1,number_decades-1

ntemp = J#60/number_decades + |

AXIS(ntemp:ntemp) = PLUS
end do
END IF
AX1IS(61:61) = PLUS

WRITE(iunit, #) upl, moverlO, AXIS

IF ( FLAG(2) )
THEN
GO TO ¢ 10, 20, 30, 40, 50,
WRITE(iunit, 1030) ¢, upi
G0 TO 70
WRITE(iunit, 1040) t. upl
G0 TO 70
WRITE(C(iunit, 1050) ¢, upt
G0 70 70
WRITE(iunit, 1060) ¢, upl
GO TO 70
WRITE(iunit, 1070) ¢, upl
6o TO 70
WRITE(iunit, 1020) t, upl
¢o TO0 70
ELSE
WRITE(iunit, 1020) ¢, upl
END IF

CONTINUE
IF ( Ymin .Q@T. 0.0DO )
THEN
cero_pos = | '0
ELSE

cero = — 20%Ymin/{ Ymax - Ymin ) + 1.0D0

cero_pos = NINT( cero )
END IF
tero_pos(1:5) = blank

call cursor_up( zero_pos, 1, idummy,

IF ( cero_pos .NE. 0 )
THEN

number_decades

cero_pos )



ipos =

WRITE(iunit, ®) zero_pos{l:ipos), moverlQ, AXIS:, upl

END IF
WRITE(iuni
WRITE(iuni

idummy ~ 1

t:#) home
t, #) moverl10, AXIS

END

FORMATS

(g

» 7%, 7(G10. 2), A)

» 7%, G10. 2, 50X, €10. 2, A)

» 7X, 2(G10. 2, 20X), G10. 2, A)
+ 7%, 3(6G10. 2, 10X), 610. 2, A)
17X, 4(G10. 2, 5X), G10. 2, A)
» 7%, 5(610. 2, 2X), €10. 2/ A)

RETURN

C

1010 FORMAT(1H ,69. 3, 1X, A)
1020 FORMAT (1H

1030 FORMAT(1IH

1040 FORMAT (1H

1050 FORMAT (1H

1060 FORMAT(1H

1070 FORMAT (1H
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* SUBROUTINE EIGEN *
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*u® Subroutine written by Juan J. Rodriguez-Moscoso (Apr-18-85)

c Revised on Apr-19-85 ! Includding computation of A matrix,
c where the A matrix is fixed by Kp.
c Kd, and the Inertia matrices. Also,
c it is given that INMAT = asldentity
c on May-09-85 ! Commenting out first approach of the
c eigenvalues computation.

SUBROUTINE EIGEN( KP, KD, INMAT. TAU, EIGR, EIGI, IERR )
C wuw I¢ IERR = O » then Eigenvalues Computation is successful.
c IERR !=0 ,» then an ERROR has been produced and no sol-
c vtion has been reached.
c
c* ARRAY DIMENSIONING *

IMPLICIT DOUBLE PRECISION (A-H,0-2)

REAL#8 KP:» KD, INMAT, INMATV
DIMENSION KP(3,3), KD(3,3), INMAT(3,3), EIGR(&), EIGI(S),
+ A(&: 6), INMATV(3,3), INT(6)., SCALE(S)

DATA A/36%0. DO/

C WEE Finding the inverse of the Inertia matrix

DO 5 1I=1,3
b0 4 J=1,3
INMATV(I. J) = INMAT(I,J)
4 CONTINUE
S CONT INVE

CALL MATINV( INMATV. 3, ICODE )
C HE# If ICODE is not zero ==> The Inertia matrix is singular.

IF( ICODE .NE. O ) THEN
1ERR = -1 ! IERR = -1 No inverse
RETURN

END IF

£ 22 Forming the A matrix where
{ — KA#INMATY -~ Kp*INMATV 1}
L !
! Identity o] H

nAnNN
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DO 20 I=3,3 .
DO 10 J=1,3
A(1,J) = 0.DO
DO 10 K=1,3
A1, ) = A(L, J)-INMATV(I, K) #KD(K, J)
CONTINUE
DO 20 J=1,3
JI = J+3
DO 20 K=1,3
AL JI) = AUL JI)-INMATV(I, K)#KP (K, J)
CONTINUE
DO 30 I=4,4
A(1,1-3) = 1.D0
CONTINUE

Computing the Eigenvalues of A

CALL BALANC( &6, &, A, LOW, IOH, SCALE )
CALL ELMHES( &, &, LOW, IGH, A, INT )
CALL HQR( &, &, LOW, IGH, A, EIGR, EIGI, IERR )

End of Eigenvalues Computation

Computing the maximum eigenvalue in module. We assume that
real parts of the eigenvalues are less than zero.

TAU = DABS({ EIGR(1) )
DO 40 I=2,6

IF ( TAU .LT. DABS(EICR(I)) ) TAU = DABS( EIGR(I) )
CONTINUE

RETURN
END

36383 33 3 I BB 3 I AU BB I3 66 I I I I I 63U

»*
*
*

*

SUBROUTINE BALANC .
*

LR L2 S22 2222 s Rt R ol a2 a2 e ettt sl dt s

®E%

*% %

*%%

20

Routine written by Juan J. Rodriguez-Moscoso (Apr-3-835)
Revised by Juan J. Rodriguez-Moscoso (Apr-18-85)
SUBROUTINE BALANC( NM, N, A, LOW, ICH: SCALE )

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION A(NM,N), SCALE(N)
LOGICAL NOCONV

RADIX specifies the Dase of the machine floating point representation
RADIX = 2. DO

B2 = RADIX#*RADIX

K=1

L =N
GOTO 100

Exchanging row and column

SCALE(M) = J



30

40

C R

80

100

110

120

130
140

150

170

C #&n

180

C w¥e

190

IF( J .NE., M

) THEN
DO 30 I=1,L
F = A(I,J)
ALL, J) = A(L, M)
: A(I,M) = F
CONTINUE
DO 40 I=K,N
F = A(J, 1)
AlJ, 1) = A(M, 1)
AM,I) = F
CONTINUE
END IF

cO70( 80, 130), IEXC
Searching for rows isolating an wigenvalue and
push them douwn

IFC L .EG. 1 ) THEN
LOW = K
IGH = L
RETURN

END 1IF

L = L-1
DO 120 J=L, 1, ~1
DO 110 I=1,L
IFC I .NE, J ) THEN
IFC A(J,I) .NE. 0.DO0 ) COTO 120
END IF
CONTINUE
M=L
IEXC = 1
GOTO 20
CONTINUE
60TO 140

K = K+l
DO 170 J=K,L

DO 150 I=K,L
IFC 1 .NE. J ) THEN
IF( A(I,J) .NE. 0.DO ) €OTO 170
END IF
CONTINUE

IEXC = 2
M=K
coTo 20
CONTINUE
Balancing the submatrix in rows K to L

DO 180 I=K.L
SCALE(I) = 1.DO

Iteration for Norm Reduction

NOCONV = . FALSE.



DD 270 1=K, L
C = J. Do
R = 0.D0

DO 200 J=K.,L
IF( J .NE. T ) THEN
C = C+DABS( A(J 1) )
R = R+DABS( A(IL,J) )
END IF
200 CONTINUE

6 = R/RADIX
F = 1.D0
E§=C+R

210 IFC C .LT. € ) THEN
F = F*RADIX
C = C*B2
COTO 210
END IF
G = R#*RADIX

230 IFC( C .GE. G ) THEN
F = F/RADIX
C = C/B2
GDTO 230
END IF

C #un Balancing

IF(C (C+R)/F .LT. 0.95D0O%*8 ) THEN
SCALE(I) = SCALE(I)«F
¢ = 1. DO/F
NOCONV = . TRUE.

DO 250 J=K.N
A(I.J) = A(],J)»Q
250 CONTINUVE
DO 260 J=1,L
AlLJ: 1) = Al 1)%F

260 CONTINUE
END IF

270 CONTINUE

IF( NOCONV ) €O0TO 190

LOW = K

IGH = L

RETURN

END
(AR ZIITTILIITITILIL LI L AL 2L 222 s 222222 RS2 222222 22222222222ty
c # *
c * SUBROUTINE ELMHES *
c ® *
€ B33 30 B 3 3 30 30 36 38 38 30 3 3k 0 b 36 6 3 U 3 30 3343 U602 I 36 303098 90 30 36 30 0 96 30 90 38 30 35 36 30 06 36 38 30 3 34 08 3 3 38 9 30 3030 3 38 3¢ 9 ¢

SUBROUTINE ELMHES( NM, N.LOW, ICH, A, INT )

C *uR Routine written by J. Rodriguez-Moscoso (Apr-03-B835)
c Last Revision: Apr-18-85 (JR-M)



» 1
IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION A(NM, N), INT(IGH)

LA = IGH-1
KP1 = LOW+L
IFC LA .LT. KP1 ) RETURN

DO 180 M=KP1,LA
MM1l = M-i
X = 0.D0
I =M

DO 100 J=M, IGH
IF( DABS(A(J.MM1)) .GT. DABS(X) ) THEN
X = A{J,MM1)
1 =4
END IF
100 CONTINUE

INT(M) = 1
IFC I .NE. M ) THEN
C #%s Interchanging Rows and Columns of A L a2 2222 2]
DD 110 J=MM1.N
Y= A(LJ)
AlL,J) = A(M D)
AlM,J) = Y
110 CONTINUE
DO 120 J=1, ICH
Y = A(J 1)
Al(J, 1) = AU, M)
AlM) = Y
120 CONTINUE
END IF
C %un End of the Interchange 00330000030 3060 030 0030 306 3000 06 36 00 6

IFC X .NE. 0.DO ) THEN
MP1 = M+
DO 140 I=MP1, IGH
Y = A(I, MM1)
IFC Y .NE. 0.DO ) THEN
Y = Y/X
A(I.MM1) = Y
DO 140 Jy=M.N
ACL, J) = A(TL, J)-Y=A(M. J)
130 CONTINUE
DO 150 J=1, ICGH
A(LI M) = A(D, MI+YRACJ 1)

150 CONTINUVE
END IF
160 CONTINUE
END IF
180 CONTINUE
RETURN
END

(R I222TI2223 222222 22l s s it 222 ez 22ds 2y s s T ey sy ay gy arE ey
[ 4 *
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SUBROUTINE HGR #
R Y

R4 *

(SR AL A2 2 L XIS 22222222 LLSIILILLTI LSS ZLI LRSI LT L 22T 2222 A2 ¥R T Y RN

* %%

n

* %

nn

C #%x

50

C #un

&0

C #us

70

80

C wuw

100

Routine written by J. Rodriguez-Moscoso (Apr-02-85)
Revised by J. Rodriguez-Moscoso (Apr-18-85)

SUBROUTINE HGR( NM,N,LOW, IGH, H, WR, WI, IERR ")

IMPLICIT DOUBLE PRECISION (A-H,0-2)
REAL*8 MACHEP

INTEGER EN. ENM2

DIMENSION H(NM,N), WR(N), WI(N)
LOGICAL NOTLAS

MACHEP specifies precision of floating point arithmetic
MACHEP = 1. DO/2. DO##55

MACHEP = . 28D-16
IERR = O

Storing Roots isolated by BALANC

DO S50 I=31.,N
IFC I .LT. LOW .0R. T .GT. IGH ) THEN
WR(I) = H(I, D :
WI(I) = 0.DO
END IF
CONT INUE

EN = IGH
T =0.D0

Searching for next Eigenvalues

IFC EN .LT. LOW ) RETURN
IT§ = 0
NA = EN-1

ENM2 = NA-1

Looking for single small sub-diagonal element

DO 80 L = EN,LOW, -1
IF( L .EQ. LOW ) €OTO 100
RINTER = MACHEP#( DABS(H(L-1,L-1)) + DABS(H(L,L)) )
IF({ DABS(H(L.L-1)) .LE. RINTER ) GOTO 100

CONTINUE

Forming shift

X = H(EN, EN}

IF( L .EQ. EN ) GOTO 270
Y = H(NA,NA)

W = H(EN, NA) #H(NA, EN)
IFC L .EQ. NA ) GOTO 2B0

IFC 1TS .EG. 30 ) THEN
1ERR = EN
RETURN
ELSE



IF( ITS .NE. 10 .AND.
s *  ITS .NE.. 20 ) GOTO 130
T = T+X
DO 120 I=LOW,EN
H(I, 1) = H(I, 1)=X
120 CONTINUE

S = DABS(H(EN. NA))+DABS(H(NA, ENM2))
X = 0. 75D0%*S
Y=X
W = -0. 4375D0%5%S
END IF

130 ITS = ITS+1
C »#% Looking for two consecutive small sub-diagonal elements

DO 140 M = ENM2, L, -1
r44 H(M, M)
X-12
Y-11
( R¥S~W )/H(M+1, M)+H(M, M+1)
H(M+1, M+1)-22-R-S
H(M+2, M+1)
DABS(P)+DABS(Q)+DABS(R)
P/S
Q/s
R/S
IFC M _EQG. L ) GOTO 150
IF( DABS(H(M,M-1))»( DABS(Q)+DABS(R) ) .LE.
$ MACHEP*DABS(P)#( DABS(H(M-1,M-1) )+DABS(ZZ)+
$ DABS(H(M+1,M+1)) ) ) QOTO 150
140 CONTINUE

LI IR VI I}

IoTnndILIN

150 MP2 = M+2
DO 160 I=MP2,EN
H(I, I-2) = 0.D0
IFC I .NE. MP2 ) H(I1,I-3) = 0.DO
160 CONTINVE

C #un Doubling GR step involving rows L to EN and columns M to EN

DO 260 K=M, NA
NOTLAS = . FALSE.
IF( K .NE. NA ) NOTLAS = _ TRUE.
IFC K .NE. M )} THEN

P = H{K, K-1)
Q = H{R+1, K-1)
R = 0.DO
IF( NOTLAS ) R = H(K+2,K-1)
X = DABS(P)+DABS(Q)+DABS(R)
IF( X .EQG. 0.D0) GOTO 260
P = P/X
G = G/X
R = R/X
END IF
c 68 = SIGN( DSGRT(PxP+Q#Q+R*R),P )

c=—-> The naxt change has been introduced in order to get
c a compiled version of the routine under EUNICE F77



C #us

210

C #un

230
260

C #xn

270

C #an

280

compiler‘< :
S = DSGRT( P#*P+Q*Q+R*R )
IFCP .LT. 0.D0O ) S = ~1.DO*§

IF( K _NE. M ) THEN
H(K, K-1) = -5#X
ELSE
IF(C L .NE. M) H(K K=1) = ~H(K.K-1)
END IF

P = P+4§
X = P/S
Y = G/S
11 = R/S
G = Q/pP
R = R/P

Row Modification

DO 210 J=K,EN

P = H{K, J)+G*H{(K+1, J)

IF( NOTLAS ) THEN

P = P+R¥H(K+2, J)
H(K+2,J) = H(K+2, J)-P#1Z
END IF
H(K+1,J) = H(K+1, J)-PxY
HK, J) = H(K, J)-P#*X

CONTINUE

J = MINO( EN,K+3 )
Column Modification

DO 230 I=L.,J
P = X&#H(I, K)+YaH(I. K+1)
IF( NOTLAS ) THEN
P = P+IZ#H(I,K+2)
H(I, K+2) = H(I, K+2)-P*R
END IF
H(I, K+1) = H(I,K+1)-P*Q
H(I,K) = H(L,K)-P
CONTINUE
CONTINUE
€oTo 70

One root found

WR(EN) = X+T
WI(EN) = 0.DO

EN = NA
COT0 &0

Two roots found

P = Y-X )/2.D0
Q = PxP+W
ZZ = DSGRT( DABS(Q) )
X = X+T
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*% %

%3 %

IF ( G .GE. 0.D0 ) THEN

Real Pair

ZZ = P+SIGN( ZIZ,P )

This change is
version of the
IF( P
IF( P

WR(NA)
WR(EN)
IF( 2Z
WI(NA)
WI(EN)

Complex Pair

HR(NA)

WR(EN)

WI(NA)

WI(EN)
END IF

EN = ENM2
€070 &0

END

intraduced in order to get a compiled
vroutine under EUNICE F77 compiler <

.LT. 0.D0 ) ZZ = P+17
.GE. 0.D0 ) 2Z = P-ZZ

= X+7I1
= WR{NA)
.NE. 0.D0 ) WR(EN) = X-W/2Z
0.D0
0.DO
ELSE

X+p
X+p
a4

-1
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[ 21 This routine uses the Euler method for solving a system of
differential equations.

nanN

[ 22 Written by Juan J. Rodriguez-Moscoso &
c Bor-Jau Hsieh (May-12-85)
c Revised on Jun-02-85 : Restructure of Program.

SUBROUTINE EULER ( ndim, ¢tO . t¢., deltat, Y, Ydot )

c* COMMON AREAS AND DIMENSION ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H.0-2)
COMMON /READIN/ Bound(15) » Yin(10) ¢ Kp(3,3) ’
+ Kd (3, 3) s INMAT(3, 3) » INMATV(3, 3) ’
+ Thcom(J) + Omcom(3)
DIMENSION Y(10) » Ydot(10)
REAL*8 Kp » Kd » INMAT » INMATV
c
c* - COMPUTATIONS *

DO 100 t=t0, tf, deltat
CALL SYS_DYNAM ( ndim., ¢, Y. Ydot )
CALL OUTPUT_17 ( ndim: t, deltat. Y., Ydot )

DO i=1,ndim
Y(i) = Y(i) + deltatsYdot(i)
END DO
100 CONTINUE
RETURN

END
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» *
* Subroutines for Graphic Purposes *
» *
00303630 30030 360 303090 30 00 36 3033606 30 36 00363 30 00 06 063 0036 30306 36 30 30 30 30 303036 3636 36 30 96 36 30 30 3036 9630 6 30 3006 30 36 30696 30 343406
*ER Written by Juan J. Rodriguez-Moscoso (Apr-21-85)
Revised on (May-05-85) ! Adding unit as an argument to each
! routine in order to use them on file
! writing.
Revised on (May-07-85) ! Including comments for each subroutine,
! and addition of new subroutines
Revised on (May-10-85) ! Including new subroutines and
modification of the main routines.
on May-13-85 ! Adding type of format (formatted or un-
formatted) on the writing routines.
SUBROUTINES: PURPOSE:
EXEEZRDERIER EEERZSEE

- Enter_graph_mode( iunit )

-~ Exit_graph_mode( iunit )

- Enter_hold_screen_mode( iu )

- Exit_hold_screen_mode( iuv )

- Clear_display{ iunit,

ans )
~ Transmit_page( iunit, ans )

-~ Transmit_curr_line( iunit )

- Transmit_chpr_gt_;ursor( iv )

- Transmit_25th_linel iv )

- Cursor_vup( str, is, le,

- Cursor_down( str, is,

-~ Cursor_rightt s, is,

ie,

ie,

n)

n)

n)

- Cursor_left( s, is, ie, n )

- Cursar_home! iunit )

- Enter_alt_char_set{ iunit )

- Exit_alt_char_set( iunit )

This routine sets graphic mode
This routine resets normal
mode of operation,

This routine sets the terminal
to be hold.

This routine resets the termi-
nal to normal mode.

Clears screen.

Transmits new page to the out-
put screen or unit ‘diunit’
Transmits the current line of
ovtput to the screen (iunit=b)
or unit ‘iunit’.

Transmits the current character
at the cursor to output screen
on unit ‘iv’.

Transmits the 25th line to out-
put screen on unit ‘iv’.

Moves the cursor forward n pos-—
itions. Results are written in
string ‘str’.

Moves the cursor backwards n
positions and result is stored
in string ‘str’

Moves the cursor to the right
n positions and result is
stored in string ‘s’.

Moves the cursor to the left

n positions

Moves the cursor to home posit.
Sets the alternate character
set of instructions.

Exits the alternate char. set.
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= Enter_alt_char_graph_set( iv ): Enter the alternate character
* graphic set of instructions.
= Exit_alt_char_graph_set( iv ) : Disables the action of the
above routine.

= Cursor_off( iunit ) : Turns off the cursor.

- Cursor_on( iunit ) : Turns on the cursor.

— Save_cursor_position{ iunit ) : Saves the current cursor pos-
ition.

~ Cursor_to_save_position( iuv ) : Sets the cursor to the previous-

ly saved position.

##% WARNING %%
------ > Do not modify these routines without

talking to Juan J. Rodriguez-Moscoso <

subroutine enter_graph_mode ( el_codigo, is, ie ) ! (May-10)

<ESCO>L[10m

characters(#) el_codigo

el_codigo(is: is+4) = char(27)//char(?1)//char(49)//char(48)
//char(109)

ie = is + 5

return

end

subroutine exit_graph_mode ( el_codigo, is, ie ) ! (May-10)

CESCOIiim

character*(#) el_codigo

el_codigo(is:is+4) = char(27)//char(91)//char(49)//char(4%)
//char(109)

ie = is + 5

return

end

subroutine enter_hold_screen_mode ¢ el_codigo, is, ie )

<ESC>L>3h ’

character#(#) el_codigo

el_codigo(is:is+4) = char(27)//char(91)//char(b2)//char(51)
//char(104)

ie = is + 5

return

end

subroutine exit_hold_screen_mode ( el_codigo, is, ie )

<ESC>L>31

character#(%) el_codigo

el_codigo(is: is+4) = char(27)//char(91)//char{b2)//char(51)
//char(108)

ie = is + 9

return

end

subroutine clear_display ( iunit, ans ) ! (Adding unit number)
<ESC>L2JCESCOIH
character#*l ans
character#?7 el_codigo
el_codigo(1:3) = char(27)//char(91)//char(72)
el_codigo(4:7) = char(27)//char(91)//char(50)//char(74)
if ( ans .eq. ‘#’ ) then
write(iunit, #) el_codigo
else



C ==

write(ivnit) el_codigo
end if )
return
end

subroutine transmit_page ( iunit, ans ) ! (Adding unit number)
<ESC>Lp
character»*3 el_codigo
character#i ans
el_codigo = char(27)//char(91)//char(112)
if ( ans .eq. ‘#‘ ) then
write(ivnit, #) el_codigo
else
write(iunit) el_codigo
end if
return
end

subroutine transmit_curr_line ( iunit ) ! (Adding unit number)
<ESC>L1p

character#4 el_codigo

el_codigo = char(27)//char(?1)//char(49)//char(112)
write(iunit) el_codigo

return

end

subroutine transmit_char_at_cursor ( iunit ) ! (unit number)
CESCOL2p

character#4 el_codigo
el_codigo=char(27)//char(91)//char(50)//char(112)

write(iunit) el_codigo

return

end

subroutine transmit_25th_line ( iunit ) ! (Adding unit number)
CESCO>L3p

character#10 el_codigo
el_codigo=char(27)//char(91)//char(51)//char(112)

write(iunit) el_codigo

return

end

subroutine cursor_up ( el_codigo, is, ie; n ) ! (May-10)
<ESCOLPNA
character#(#) el_codigo
nsave = n
icounter = O
icounter = icounter + |
if ( nsave .ge. 100 ) then
nsave = nsave/10
goto 1
end if
icoc = nsave/10
imod = mod(nsave, 10)
el_codigo(is:is+l) = char(27)//char(91)
if( icoc .eq. O ) then
el_codigo(is+2: is+3) = char(nsave+48)//char(65)
ie = is + 4
return
else



C -

C ———

C =

el_codigo(is+2: is+2) = char(4B8+icoc)
el_codigo(is+3:'is+4) = char(48+imod)//char(45)

ie = is + 5
return
end if

end

subroutine cursor_down ( el_codigo, is, ie, n ) ! (May-10)
<ESC>I[PnB
character#(*) el_codigo
nsave = n
icounter = 0
icounter = icounter + 1
if ( nsave .ge. 100 ) then
nsave = nsave/10
goto 1
end if
icoc = nsave/10
imod = mod(nsave, 10)
el_codigolis: is+1) = char(27)//char(91)
if( icoc .eq. O ) then
el_codigo(is+2: is+3) = char(nsave+48)//char(éb)
ie = is + 4
return
else
el_codigo(is+2: is+2) = char(4B+icoc)
el_codigo(is+3:is+4) = char(4B+imod)//char(66)
ie = is + 5
return
end if
end

subroutine cursor_right ( el_codigo, is, ie, n ) ! (May-10)
<ESC>IPNnC
character#(#*) el_codigo
nsave = n
icounter = 0
icounter = icounter + |
if ( nsave .ge. 100 ) then
nsave = nsave/10
goto 1
end if
icoc = nsave/10
imod = mod(nsave, 10)
el_codigo(is: is+1) = char(27)//char(91)
if( icoc .eq. O ) then
el_codigo(is+2:is+3) = char(4B+nsave)//char(67)
ie = is + 4 .
return
else
el_codigo(is+2: is+2) = char(4B+icoc)
el_codigo(is+3: is+4) = char(48+imod)//char(&7)
ie = is + O
return
end if
end

subroutine cursor_left ( el_codigo, is, ie» n ) ! (May-10)
<ESC>LPnD
character#(%) el_codigo



nsave = n .
icounter = 0
icounter = icounter + 1
if ( nsave .ge. 100 ) then
nsave = nsave/10
goto 1
end if
icoc = nsave/10
imod = mod(nsave, 10) _
el_codigo(is: is+1) = char(27)//char(91)
if( icoc .eq. O ) then
el_codigo(is+2: is+3) = char(48+nsave)//char(68)
ie = is + 4
return
else
el_codigo(is+2: is+2) = char(48+icoc)
el_codigo(is+3: is+4) = char(48+imod)//char(468)
ie = is + 5
return
end if
end

subroutine cursor_home( el_codigo, is, ie )
<ESC>IH

character#(#) el_codigo

el_codigo(is:is+2) = char(27)//char(91)//char(72)
ie = ig + 3

return

end

subroutine enter_alt_char_set( el_codigo, is, ie )
<ESC>(1

character»(#) el_codigo

el _codigo(is:is+2) = char(27)//char{40)//char(49)
ie = is + 3

return

end

subroutine exit_alt_char_set( el_codigo, is: ie )
<ESC>(0<ESC>{11m

character#(#) el_codigo

el_codigo(is: is+2) = char(27)//char(40)//char(4B)
is = is + 3

call exit_graph_model el_codigo, is, ie )

return

end

subroutine enter_alt_char_graph_set( el_codigo, is,
<ESCO (2

character#(%*) el_codigo

el_codigo(is:is+2) = char(27)//char(40)//char(50)
ie = is + 3.

return

end

subroutine exit_alt_char_graph_set( el_codigo, is.
<ESC>(0<ESC>[11im

character*(*) el_codigo

el_codigolis: is+2) = char(27)//char(40)//char(48)
is = is + 3

ie )

ie )



call exit_graph_mode( el_codigo, is, ie )
return
end

subroutine cursor_off( iunit )

CESC>L>5h

character*10 el_codigo

el _codigo(1:5)=char(27)//char(91)//char{b2)//char(53)//char(104)
write(iunit) el_codigo

return

end

subroutine cursor_on( iunit )

<ESC>I[>51

character#30 el_codigo
el_codigo(1:5)=char(27)//char(91)//char(b2)//char(53)//char{108)
write(iunit) el_codigo

return

end

subroutine save_cursor_position( el_codigo, is, ie )
<ESC>[s

character#(#) el_codigo

el_codigo(is: is+2) = char(27)//char(91)//char{115)
ie = is + 3

return

end

subroutine cursor_to_save_position( el_codigo, is, ie )
<ESC>[u

character#(%) el_codigo

el_codigo(is:is+2) = char(27)//char(91)//char(117)

ie = is + 3

return

end
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c »
c * Subroutine INITIALIZE *
c * »
€ SIS I S0 ORI SRR R BRI RRR B ARRRRRBRRRRRRRRRRR AR RRBRRDE
c Last revised by Bor-Jau Hsieh (Andy) &
c Juan J. Rodriguez-Moscoso (Jun-22-83)
SUBROUTINE INITIALIZE ( Nrt, ndim, t0, t#, deltat, Y )
[
c# COMMON AREAS DEFINITIONS AND DIMENSIONS ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H.,0-Z)
[ 3K 22 ] Common Areas Definitions:
COMMON /7 FLAG /7 FLAG(7)
COMMON /READIN/ Bound(13) s Yin(10) » Kp(3,3) ’
+ Kd (3, 3) + INMAT(3.,3) » INMATV(3.3) '
+ Theom(3) + Omcom(3)
COMMON / STEP / PMO(J) » RTini(3) » RTend(3d) ’
+ DT(3) » 8T(3) » PT(D) ’
+ RT(3) » RTimin(3) s+ RTemin(3) ’
+ DTmin(3) + Thpeak(3)
COMMON /7 FRG1 /7 Amp +» Omega + Phase ’
+ ts
COMMUN /7 FRQA2 /7 THAMP(3) » THFEE(3) + THAOL(I) ’
+ THPOL(3) » THS(3) » THC(I) '
+ X1¢(3) » X2(3) . .
+ OMAMP(3) » OMFEE(3) » OMADL(J) ’
+ OoMPOL(D) » OMS(3) » OMC(3) '
+ X3(3) v X4(3) » XN
COMMON / FRQI / Freq + Const + Tau
COMMON / PI /7 PI
DIMENSION Y(10) + Ytemp(10)
LOGICAL#*1 FLAQ
REAL#8 Kp » Rd + INMAT » INMATV
c
c» COMPUTATIONS A
c
DO I=t, 10 ! Store initial states.
Ytemp(l) = vin(I)
END DO
IF ( FLAG(3) )
THEN ! IMPULSE Response.
IF ¢ Nrt .EQ. 1 ) THEN
DO i=1, 10 ! Reset initial states.

Y(i) = Ytemp(i)

END DO

IF ¢ FLAG(4) ) THEN
ndim = 7

! Check Quaternion.



. CALL INIT_QUATERN ( Y )
END IF
END IF
t0O = (Nrt-1)#(tf+deltat) + (2-Nrt)#tO
té = (Nrt—-1)#Bound(2) + (2-Nrt)/Bound(7)
DO k=%, 3
Thcom(k) = (2-Nrt)#Bound(7)#Bound(k+9)
Omcom{k) = O, OdO
END DO
RETURN
END IF

Y( 1) = Ytemp( 1)
Yo 2) Ytemp( 2)
Y¢ 3) Ytemp( 3)
Y( 4) Ytemp( 4)
Y( 3) Ytemp( 3)
Y( &) Ytempt( &)
Y¢ 7) Ytemp( 7)
Y( 8) Ytemp( 8)
Y( 9) Ytemp( 9)
Y<10) Ytemp(10)

IF ¢ FLAG(4) ) ! Check Guaternion
THEN :
ndim = 7
CALL INIT_QUATERN ¢ Y )
END IF

IF ¢ FLAQ(1) ) RETURN ! STEP Response.

DO I =1, 3 ! FREQUENCY Response.
THC(I) = 0. dO ! Clear Temporary
THS(1) = 0.dO ! Storages.

OMC(I) = 0. dO
OMS(I) = Q. d0
END DO

Freq
Period
deltat

nstep

Freq # Const ! Compute current frequency.

1. d0/Freq ~ ! Compute Period.

1. d0/Bound(3) deltat is fixed.

INT( Period/deltat ) Compute integer & of
deltat’s in 1 period
Truncate Period.

Period = DFLOAT( nstep ) # deltat

Omega = 2. d0O # PI / Period Compute Angular Freq.
ts = 6,.d0 # Tav ! Compute Integrate
! start time.
tf = 6, d0 # Tau + Period ! Compute Integrate
RETURN

END
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Subroutine INIT_QUATERN *

*

000030 3 AE I 6 33 3306 36363626306 3 33 3 3 36006 3634 30 30 3030 630 536 33636303 35 36 3 30 00 303094 30 34 96 3 3 30 30 636 98 30 306 36 -3

This routine computes the initial quaternion given the initial
Roll-Pitch-Yaw angles, or Euler angles, in terms of the V frame.

Written by Juan J. Rodriguez-Moscoso
Revised on May-12-85

(May-02-85)

on May—-13-895 : Saving initial values RPY.
on May-18-85 : Cleaning up the routine.
on Jun-02-B5 : Program restructure.

SUBROUTINE INIT_QUATERN ( Y )

CUMMON AREAS AND DIMENSION ARRAYS »

IMPLICIT DOUBLE PRECISION (A-H,0-2)

Dimensioning of Arrays

DIMENSION Qo(4), ! Initial Quaternion Storage
¥(10) ! Vector of states

COMPUTATIONS

C #E¥

C EEE

The initial RPY angles are stored in

Y{(7), Y{(B), and Y(9) of the

Y(i) array. The initial quaternion will be stored in QO(i) where
i=1,2,3, and 4. After quaternion’s computations, the initial qua-
ternion will be stored in Y(i), i=4.5,6,7.

Computing Scalar Part of the initial

Q0( 4) = DCOS(Y(7)/2. DO)*DCAS(Y(8)/2.
DSIN(Y(7) /2. DO)*DSIN(Y(8) /2.

Computing Vector Part of the initial

Q0( 1) = DSIN(Y(7)/2. D0O)*DCOS(Y(B)/2.
DCOS(Y(7)/2. DO)*DSIN(Y(B) /2.
Q0( 2) = DSIN(Y{(B)/2. DO)I*DCOS(Y(7)/2.
DCOS(Y(8)/2. DO)*DSIN(Y(7) /2.
Q0( 3) = DSIN(Y(9)/2. DOY#DCOS(Y(7)/2.
DCOS(Y(9)/2. DO)*DSIN(Y(7) /2.

Saving initial values of Theta (RPY)
Y(10) = Y{ )
Y( 9) = Y( 8)
Y¢ 8) = Y0 7)

Quaternion: GO(4).
DQ)#DCOS(Y(9)/2. DO) -~
DO)#DSIN(Y(9) /2. DO)

Quaternion: QO0(i) [i=1,2,3].
DO)#DCOS(Y(9)/2. DO) +

DO #DSIN(Y(9) /2. DO)
DO)+DCAS(Y(9)/2.D0) +
DO)#DSIN(Y(9) /2. DO)
DO)Y#DCOS(Y(B)/2. DO) -
DO)#DSIN(Y(8) /2. DO)

6toring the initial Quaternion into Y(i) [i=4,5: 6,7]

Y({ 7) = GOC 4)
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T Written by Juan J. Rodriguez-Moscoso &
Bor-Jau Hsieh (Andy) (May-02-85)
Revised an May-046-85
on May-12-85 : Adding aux. Return
on Jun-02-85 : Program restructure.

nAnnNnnNn

% This routine checks out what type of integration method has been
selected by the user. Then, it makes the appropriate calls to
the integration routines.

AN

R The type of integration method is indicated by:

I# FLAG(S) = ., TRUE. then EULER
I# FLAG(&) = . TRUE, then RUNGE-KUTTA
I# FLAG(7) = ., TRUE. then PREDICTOR-CORRECTOR

NN

SUBROUTINE INTECRATION ( ndim, tO, tf, deltat, Y, Ydot, #, %)

c! COMMON AREAS AND DIMENSION OF ARRAYS !

IMPLICIT DOUBLE PRECISION (A-H.0-2)

COMMON /READIN/ Bound(195) ¢« Yin(10) » Kp(3:,3) ’
+ Kd (3, 3) » INMAT(3,3) + INMATV(3, 3)
+ Thcom(3) + Omcom(3)

COMMON / FLAG /7 FLAG(7) .

DIMENSION Y10) « Ydot(10)
REAL#B Kp ¢ WKd o INMAT , INMATV
LOGICAL#*1 FLAG

(3 INTEGRATION *

C H¥E Checking out type of integration to be applied.
¢ ——- EULER Integration when FLAG(S) = , TRUE..
IF ( FLAG(S) )
THEN
CALL EULER( ndim. tO, tf, deltat., VY, Ydot )
RETURN
END IF

c - RUNGE~KUTTA FOURTH ORDER Integration when FLAQ(4) = | TRUE.
IF ( FLAQ(&) )
THEN
EPS = Bound( 4)
CALL RUNGE_KUTTA ( ndim, tO., tf., deltat, EPS, Y, Ydot, %100 )
RETURN



€ -

100
110

END IF )
PREDICTOR-CORRECTOR Integration when FLAG(7) = . TRUE.
IF ( FLAG(7) )

THEN

EPS = Bound( 4)

CALL PRED_CORREC ( ndim, tO, tf#, deltat, EPS, Y,

RETURN
END IF

RETURN codes in case of Integration problems.
RETURN 1

RETURN 2

END

Ydot,

&110 )
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»
*

GENeric SIMulation program (FORTRAN-77 portion of NESS) *
*

JE00 0206 363003006 30303096 3891 960836 369636 3030 36 30 0000 030 3006 0000 38 303030 10 3036 0638 3636 4 00 00 30 3030 30 98 10 0 3608 3030 3096 3630 3038 38 30 36 46 3¢

%%

This program has been designed for solving in a generic form the
simulation problem stated by the following set of equations:
PROTOTYPE O:
Torque(i) = Kp(i, j)#L Thcom(i)-~Thact(i) 1 +
Kd (i, Y%L Omcom(i)-Omactii) 1 (ConTRoLLER)

Ydot(i) = INMATV(i, y)#[ Torque(i) -
Omega(i) X INMAT(i, j)#Omega(i) 1 (BOdy

DYnamics)

with the assumptions:

Steering Dynamics : Unity

Actuator & Torque : Unity

Sensors : Unity
PROTOTYPE 1:
Qdot(i) = F( ¢, Q, Omega_v ) (Quaternion
rate-equations)
Theta_v(i) = @( [VR] ) (Rotation Matrix VR to

determine Theta_v)
DESCRIPTION OF INPUT VARIABLES:

Step Response | Freq. Response
!

Bound( 1) = t0 . t0 tinitial time)
( 2) = t¢f . Tau (final time & tau)
{ 3) = deltat . 1/deltat (increment time)
( 4) = Epsilon . Epsilon (error for Integ)
(5) =00 . 0.0 {Stop Condition)
( &) = % Bteady 5. . ANLZ axis (Gteady State E. &

axis for analyze)

( 7) = blank . blank
( 8) = blank . Amplitude (Inp. Sinu. Amp.)
( 9) = balnk . Omega_lo (lowest Freq.)
(10) = Omega_x (Inp) . Phase (Omega_x Input &
Phase for FRQ@)
(11) = Omega_y " . Ndec (Omega_y Input &
(# of decades)
(12) = Omega_z " . Nsd (Omega_z Input &
(% samp. f/dec.)
(13) = Theta_x " . Theta_x (Inp. axis = 0,1
(14: = Theta_y " . Theta_y for FRQ, any value
(1) = Theta_z " Theta_z for STP.)

PROTOTYPE O ! PROTOTYPE 1

Y( 1) = Omega_x(0) . Omega_x(0) (Initial Omega_x)
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2).= Omega_y(0) . Dmega_y(0) (Initial Omega_y)

(
( 3) = Omega_z(0) . Omega_z2(0) (Initial Omega_z)
( 8) = Theta_x(0) . blank (Initial Theta_x)
( 5) = Theta_y(0) . bhlank (Initial Theta_y)
( &) = Theta_z(0) . blank (Initial Theta_z)
{ 7) = blank . ROLL(OD)Y (Init. Roll angle)
( B) = blank . YAW(O) (Init. Yaw angle)
{ 9) = blank . PITCH(O) (Init. Pitch ang.)
(10) = blank . blank
% Written by Bor-Jau Hsieh (Andy) &
Juan J. Rodriguez-Moscoso (0O1-May-85)
Last revised on 31-May-85
PROGRAM GENSIM
* COMMON AREAS DEFINITIONS AND ARRAYS DIMENSIONING *
IMPLICIT DOUBLE PRECISION (A-H,D-2)
COMMON /READIN/ Bound(15) s Yin(10) s Kp(3:3) ’
+ Kd (3. 3) +» INMAT(3,3) +  INMATV(3,3) ’
+ Thcom(3) » Omcom(3)
COMMON / FLAG / FLAG(7)
COMMON 7/ PI / P1
REAL#8 Kp » KRd » INMAT , INMATV
LOGICAL #1 FLAG
* COMPUTATIONS »
[ 21 Computing PI:
PI = DATAN2( 0.0DO . -1.0DO0 )
1 21 Reading in the input file: "SIMULA. INP"
OPEN (unit = 1, status =’o0ld’, file = ‘SIMULA. INP’)
READ( 1,% ) FLAG ’ ! Type of response & integration.
+ Bound ’ ! Boundaries of conditions.
+ Yin ’ ! Initial States.
+ Kp . ! Kp Matrix.
+ Kd ’ ! Kd Matrix.
+ INMAT ! Inertia Matrix.
L2 2 Closing Input Unit
CLOSE(unit=1)
E 23 Open output files according to specified response type.
CALL OUTPUT_FILES
W initiate integration rautine ! May-31-85
CALL SIMULATION ( ICODE )
L2 Closing files and deletion of FORO17. DAT & FORO18. DAT.

CLOSE( unit=17., DISP='DELETE’ ) ! May-29-85
CALL EXIT



C NEe
C HRE
10
15

C wa#

20

21
22

23
24

25
26

[ 2 2 ]
30

C #HaE

Check return codes
IF ( ICODE ) 10,30.,20

I# ICODE €< O then, No Response Analysis was chosen.

CONTINUE :

WRITE(&, 15)

FORMAT (1HO, '#x#»xnunntunisdt ERROR DETECTED ####¥%uuuunuuns’/1HO,
f e NO RESPONSE ANALYSIS WAS CHOSEN —=—=—- ‘/1H
/ FORTRAN STOP IS FOUND FROM THIS EXECUTION )

8STOP

If ICODE > 0 then. Error detected during the Integration process
or Inversion routine

CONTINUE

GD TO ¢ 21, 23, 25 ), ICODE

WRITE(&, 22)

FORMAT (1HO, '##%%xaanssuu%# ERROR DETECTED ###%%%uuuknunss’/1HO,
!==— THE INERTIA MATRIX IS NOT INVERSIBLE -—-=-‘/1H .
* FORTRAN STOP IS FOUND FROM THIS EXECUTION. /)

STOP

WRITE( &, 24)

FORMAT (1HO, ‘wnusxninnnndndt ERROR DETECTED ###%uunnnsxkunn’/1HO,
f=—— ND CONVERGENCE DURING THE INTEGRATION —-=-‘/1H .
‘ PROCESS FOR RUNGE-KUTTA 4TH ORDER SELECTED ‘/1H ,
‘ FORTRAN STOP IS FOUND FROM THIS EXECUTION. *)

sToP

WRITE(&, 26)

FORMAT (1HO, ‘#xusnsnpnnintd ERROR DETECTED ###3%%% %% %%%%%4% '/ 1HO,
‘——— NO CONVERGENCE DURING THE INTEGRATION --—‘/1H .
’ PROCESS FOR PREDICTOR-CORRECTOR SELECTED ‘/1H .
* FORTRAN STOP IS FOUND FROM THIS EXECUTION. ‘)

SsSTOP

I¢ ICODE = O then, Execution suceeded.
CONTINUE

End of Simulation.
END
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c * SUBROUTINE MATINV *
c * -
c

BTN ST 036333606 960 606 D D 360106 3036 3630 3006 0036030306 060690 36830 436 3096 330 3106 9606 4030 30 3 9696 3¢
C HER Subroutine written by Juan J. Rodriguez-Moscoso (18-Apr-85)
SUBROUTINE MATINV ( A, N, ICODE )

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION AIN, N), MU(25)

ICODE = O
DO 5 I=1,N
MUCI) =
S CONTINUE

DO 100 I=1,N
IPf = I+1
IFC IP1 .LE. N ) THEN
L=1
AMAX = DABS( A(I,I) )
DO 30 K=IP1.N
IFC AMAX .LT. DABS(A(K, 1)) ) THEN
L=K
AMAX = DABS( A(K, 1) )
END IF
30 CONTINUE

IFC L .EQ. 1 ) cOTO S0

K = MU(I)

MUCI) = MU(L)

MUL) = K

DO 40 J=1.,N
P = A(L.J)
AlL J) = AL, J)
AlL.J) = P

40 CONTINUE
END IF

S0 P = AL, 1)

C #un Testing Singularity
IF( DABS(P) .LE. 0.28D-16 ) THEN
JICODE = 1
RETURN
END IF

C ##x  Computing the inverse of the A matrix
DD 60 J=1,N '

Al J) = AL, J)/P
&0 CONTINUE



70
80

20

100

110
120

130

140

DO 80 K=1,N .
IFC K .EG. 1 ) GOTD 80
DO 70 J=1,N
IF( J .EG. I ) GOTO 70
ALK, J) = ALK, J)-AK, DI#A(T, W)
CONT INUE
CONTINUE

DO 90 K=1,N
AlK, I} = -A(K, 1)/P
CONTINUE

AL, 1) = -A(I, 1)
CONTINUE

DO 140 J=1,N

DD 110 K=J, N
IFC MU(K) .EQ. ¥ ) GOTD 120
CONTINUE

IF{ K .NE. J ) THEN
MU(K) = MU(S
DO 130 I=1,N
P = A(I,K)
AL K) = A(L,J)
A(I.J) =P
CONTINUE
END IF
CONTINUE

RETURN
END

'
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c * *
c * Subroutine NEW_VALUES *
[ *
T T e T T T 2 I T BT Ty T P I
C wa This subroutine performs the following operations:
c 1. - Normalization of the Guaternion by applying the
c following relations:
c N = DEGRT#( Gl##2+Q2##2+Q3##2+QA#%2 )
4 and,
c Q = Qi/N
c 2. - Computation of the [VR] Matrix from the updated
c quaternion.
c 3. - Computation of the new set of angular positions from
c the [VR] matrix by applying eq. 2.9 (Attitude Module
c representation paper sent by K. Fernandez).
C RN Written by Juan J. Rodriguez-Moscoso ( 04-May-85 )
c Last revised on 02-Jun-85

SUBROUTINE NEW_VALUES ( ndim, Y )
c
(3 COMMON AREAS AND DIMENSION ARRAYS *
c

IMPLICIT DOUBLE PRECISION (A-H,0-2)

COMMON / FLAG / FLAG(7)

DIMENSION Y(10), ! Vector of states.

+ VR (3, 3) ! The [VR] matrix

LOGICAL#*1 FLAG
c
c* ) COMPUTATIONS *

(3R 2 L Checking out for Quaternion flag
IF( .NOT. FLAG{(4) ) RETURN

[ 2 2 Computing the quaternion norm and update of Guaternion.
the_naorm = Y( 4)%Y( 4) + Y( S)ayY( 5) + Y( &)#Y( &) + Y( 7)#¥( 7)
the_norm = DSGRT( the_norm )

Y({ 4) = Y( 4)/the_norm

Y({ 5) = Y({ 5)/the_norm

Y{ &) = Y( &)/the_norm

Y{ 7) = Y( 7)/the_norm

C e Computing the [VR] matrix
DO i=1,3 ! (May-10)
no ;=1.3 ! (May-10)
VR(i, §) = Y{i+3)#Y(j+3) ! (May-10)

END DO

END DO



C R

¥
DO i=1,3 ° ! (May-10)
DO 4=1,3 ! (May-10)
k Il ~bb6+in(98-27%#i )+ 0 (13+in(-21+6#1)) ) +
ie( —102427%i ) + 76
kk = JIABS( k )
ksign = JISICN(1, k)
VR(i, y) = VR(i, J) + DFLOTJ(ksign)#Y(7)#Y(kk+3)
VRUi, 3) = 2. dO#VR(i, )
END DO
END DO

DO i=1,3 ! (May-10)
VR(i,i) = VR(i,i) - 1.04d0
END DO

The set of values for Theta are extracted from the [VR] matrix.

These values will be stored at Y(i) for i=8,9,10.

temp = DSGRT( VR(2,2)#VR(2: 2)+VR(J, 2)¥VR(3, 2) )
Y( 8) = DATAN2( - VR(3,2), VR(2,2) )
Y( ?2) = DATAN2( ~VR(1,3), VR(1,1) )
Y{(10) = DATAN2( VR(1,2), temp )}

RETURN
END
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*
*

SUBROUTINE OUTPUT_FILES

[ PR Y

LA a2 A2 222222222 S s St 2 AR d Rl s R A R d A il L]

*
*
*

U000 03I I3 63 666 I A3 6O 3620036 B3O 3 20 I 363 63 I 263 36 I 23 36 3 3836 36 3630 3 306 3 3 3

*ik Written by Juan J. Rodriguez-Moscoso ( 02-May-85 )
Last revised by J Rodriguez-Moscoso &
Bor-~Jau Hsieh (Andy) on 02-Jun-85
SUBROUTINE OUTPUT_FILES
* COMMON AREAD DEFINITIONS AND ARRAYS DIMENSIONING *
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
*aE Common Areas Definitions:
COMMON / FLAG / FLAG(7)
L2 Variables Definitions
CHARACTER#13 FILEOUT
CHARACTER#*10 EXTO
CHARACTER#12 EXT1
CHARACTER#9 EXT2
CHARACTER#S THETA, OMECA. NUMER
CHARACTER#3 CHA, PLT, AMPLIT, PHAS, FRQ, IMP, STP, OUT
CHARACTER#*1 ZERO, DOT
LOGICAL#1 FLAG
f 23] Initializing a few variables
DATA THETA/ ‘THETA’/. OMEGA/‘OMEQA’/, NUMER/’NUMER’/,
+ PLT/‘PLT'/. AMPLIT/’AMP’/, PHAS/’'PHA’/,
+ FRQ/‘FRQ‘/, IMP/’IMP’/, STP/'’STP‘/, OUT/°0QUT‘/,
+ CHA/‘CHA’/, ZERO/'0°’/, DOT/’. '/
* COMPUTATIONS *
EXTO = THETA//0OMEGA
EXT1 = CHA//PLT//AMPLIT//PHAS
EXT2 = STP//FRQ//1MP
###%  QOpen Output Files of Simulation.

The output files are given by the following relationships:

NUMERICAL OUTPUT:
=2 UNIT =
-2 =
-2 =

STEP RESPONSE:
=> UNIT
-2
->

1
2
3
7
8
9

3 NUMERODUT. STP
i NUMEROOUT. FRG
# NUMEROQUT. IMP.

+ THETAOCHA. STP
i THETAOPLT. STP
i OMEGAOPLT. STP

(Step Response)
(Freq Response)
(Impulse Response)

(Characteristics)
(Plot of Theta)
(Plot of Omega)
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FREQ. RESPONSE: (RODE pl
0

=> UNIT = 1

-2 = 11

-2 = 12

- = 13
IMPULSE RESPONSE:

~> UNIT = 14

-> = 315

- = 16
TEMPORARY STORAGE:

-2 = 17
PRINTER OUTPUT:

-2 = 18
D0 i=1, 3

FILEDOUT(1:10) = NUMER//ZERO//0UT//DOT

IF ( FLAG(i) ) THEN
i1 = 3#i - 2
i2 = i1 + 2
iunit = i®(3+i)/2 + 4
FILEQUT(11:13) = EXT2(i1:i2)

otting)

H

THETAOAMP.
THETAOPHA.
OMEGAOAMP.
OMEGAOPHA.

THETAOCHA.
THETAOPLT.
OMEGAOPLT.
FORO17. DAT

PRINTER. DA

FRQ
FRG
FRQ
FRGQ

IMP

IMP
IMP

T

(Amplitude of Theta)
{(Phase of Theta)
(Amplitude of Omega)
(Phase of Theta)

(Characteristics)
(Plot of Theta)
(Plot of Omega)
(Time series data)

(Printer Qutput)

! (May-04-85)

OPEN( unit=i, status=‘new’, name=FILEOUT )
k = in( 4-i ) ! (May-04-85)
DO J=1. k
40 = y%( —155+3#(75-10%)) )/b6 +14 ¢ (May-04-85)

J00 = jO + 4
1 = (i-2)%(i-2)%( y#(15-3%;)/2-5 ) + ! (May-04-85)
(i-1)#(3-1)%( Ju( 34+58(-15+%2) )-14 )

J11 = 1

+ 2

FILEQUT(1:5) = EXTO(;0: 30O)
FILEOUT(7:9) = EXT1(J1:J11)

junit = junit + 1}
OPEN( unit=iunit,

END DO
END 1IF
END DO

status='new’,

OPEN( unit=17, status=s’new’ )

OPEN( unit=18, status=’‘new’,

RETURN
END

name=F ILEOQUT )

name=‘PRINTER. DAT’ )
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c * Subroutine OUTPUT_17 »
c *
© IR I A 3000 003036 3606360606 3602000630300 0636 30 33630 38 3 96304063036 646 303600 336 36 3630 6 36 08 0630 96 00 063096 96 34 38 ¢
C wER This subroutine handles all related to output of Simulation. It
c is recording partial results.
c
c Written by Juan J. Rodriguez-Moscoso ( 22-Jan-85 )
c Last revised on 13-May-85

SUBROUTINE OUTPUT_17 ( ndim. ¢, deltat., Y. Ydot )
c
c# COMMON AREAS AND DIMENSIDNS ARRAYS »
c

IMPLICIT DOUBLE PRECISION (A-H,0-2)

COMMON / FLAG / FLAG

DIMENSION Y(10) » Ydot(10)

LOGICAL %1 FLAG(7)
c
c* COMPUTATIONS *

C #uR No temporary data generated for FREQUENCY response.
IF ( FLAG(2) ) RETURN

C R Checking out if "t" is = to "t + mudeltat®

c RES = DMOD( t, deltat ) .

c IF ( RES .GT. 0.1D-12 )

c THEN

c IF ( DABS( RES - deltat ) .QT. O.1D-12 ) RETURN
c END IF

C R Checking FLAG(4) for Quaternion
IF ( FLAG(4) ) -
THEN
WRITE(17, %) ¢ » ! current time,
+ ( Y(3), J=1,10 ) ! Omega and Theta
RETURN .
ELSE
WRITE(17,%) t, ( Y{(3), y=1l,ndim )
RETURN
END IF

END
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c # »
c * SUBROUTINE PRED_CORREC »
[ *
c

AT 623 I 6B I NI 33U I S0 T 333K U B 9638 U I B B33

n

*a Subroutine to solve a system of first order ordinary general dif-
ferential equations with given initial values.

i This method is based on Hammings modified Predictor-Corrector me-
thod. This is a fourth order method using 4 preceeding points for
computation of a new vector Y of the dependent variables.

The adjustment of the initial increment and computation of the s-
tarting values is done by a Fourth-order Runge-Kutta method sug-
gested by Ralston,

nnnnannN

"

L2 Written by Juan J. Rodriguez-Moscoso on 21-Apr-85.

c Last revised on 0i1-Jun-B85
SUBROUTINE PRED_CORREC ( ndim, tO, t#, tincr. EPS, Y, Ydot, # )
c
ce COMMON AREAS AND DIMENSION OF ARRAYS »
c
IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION Y(10) » Ydot(10) s aux(16,10)
c
ch COMPUTATIONS *
c
n =1
ihlf = 0O
t = ¢t0
tend = tf
deltat = tincr
ICODE = O .
DO I=1,ndim .
aux{16,i) = 0.0DO
aux(15, i) = Ydot(i)
aux(l, i) = Y{i)
END DO
IF( deltat#{ tend - ¢t ) ) 30, 20, 40
20 ihlf = 12
GO TO 40
a0 ihlf = 13
40 CONTINUE

CALL SYS_DYNAM ! -~dim, ¢, Y, Ydot )

CALL OUTPUT_17 ¢ tim, ¢, tincr, Y, Ydot )
CALL CHECK_ERROR ' ihlé#, ICODE )

IF ( ICODE .NE. ¢ ' RETURN 1

IF ¢ ihlf .GT. O ) HETURN



90

110

130

150

170
180

190

210

DO i=1,ndim

aux(B,1) = Ydot(i)

END DO

isw =1
GOTO 1000

t = ¢t + deltat
DO i=1,ndim

aux(2,i) = Y(i)

END DO
ihlf = ihl¢ + 1

t = t - deltat

DO i=1,ndim

aux(4,i) = aux(2,1i)

END DO

deltat = 0.5d0xdeltat

n = 1
isw = 2
€070 1000

t =t + deltat
CALL SYS_DYNAM
n=2

DO i=1,ndim

{ ndim, ¢, Y, Ydot )

aux(2,i) = Y(i)
aux{9,i) = Ydot(i)

END DO
isw =3
GOTO0 1000

DELT = 0. ODO
DO i=1,ndim
DELT = DELT
END DO

+ aux(15, 1)%DABS( Y(i)-aux(4,1i) )

DELT = 0. 06bbb466664L6L46664674#DELT
IF ( DELT - EPS ) 190, 190, 170

IF ( ihlf¢ - 10
ihlf = 11

) 110, 180, 180

t =t + deltat

€0 7O 40

t = ¢t + deltat
CALL SYS_DYNAM
DO i=1,ndim
aux(3,i) =
aux(10,1i) =
END DO
n=3
isw = 4
¢QaT0 1000

n=1
t = t + deltat
CALL SYS_DYNAM
t = to
DO i=1,ndim
aux(11,i) =
Y(i) =

( ndim, t, Y, Ydot )

Yi)
Ydot(i)

( ndim, ¢, Y, Ydot )

Ydot(i)
aux{l,i) + deltat#( 0. 375d0%aux(B,i) +
0. 79166666666666667%aux{9: 1) —



+ -+ 0! 20833333333333333%avx (10, i) +
+ 0. 04166666666666667%#Ydot (i) )
END DO

230 £t = ¢t + deltat
n=n+1
CALL SYS_DYNAM ( ndim, t. Y, Ydot )
CALL QUTPUT_17 ( ndim. ¢, tincr, Y, Ydot )
CALL CHECK_ERRDR (¢ ihl#, ICODE )
IF ( ICODE .NE. 0 ) RETURN 1
IF {( n .GE. 4 ) COTO 2000
DO i=1,ndim
aux(n, i) = Y(i)
aux(n+7,i) = Ydot(i)
END DO

IF ( n - 3 ) 270, 290, 2000 -
270 DO i=1,ndim
DELT = 4, 0dO¥aux(9,i)
Y(i) = aux(1,i) + deltate( aux(B, i)+DELT+aux(10,i) )/3. d0
END DO
G0 TO 230

290 DO i=1,ndim
DELT = aux{(9.1) + aux(10,1)
DELT = DELT + DELT + DELT
Y{i) = aux(1,1i)+0, 379d0xdeltat*( aux(B, i )+DELT+aux(11,i) )

END DO

C0 70 230
C HER The following part of the routine computes by means of Runge-
c Kutta method the starting values for the not self-starting
3 Predictor—-corrector method.

1000 CONTINUE
DO i=1,ndim
1 = deltat®aux(n+7,4i)
aux(5,i) = 2
Y(i) = avx{n,i) + 0.4d0#*:z
END DO
1 =t + 0.4d0%deltat
CALL 5YS_DYNAM ( ndim, z, Y, Ydot )

DO i=1,ndim
2 = deltataYdot(i)
aux(b,i) = 2
Y(i) = auxin, i)+0. 2956977609247753460d0%aux(5, i)+
+ 0. 15875964497103583d0#12
END DO
1 = ¢t + 0.45373725421878943d0%deltat
CALL SYS_DYNAM ( ndim, z, Y. Ydot )

DO i=1,ndim
1 = deltataydot(i)
aux(7,1i) = 2
Y(i) = aux(n, 1)+0. 21810038822592047d0#aux (5, i)~
+ 3. 050965143869293080d0%aux (6, i)+
+ 3. B3286476046701030d0%:2
END DO
z = 1 + deltat



CALL SYS_DYNAM ( ndim 12, Y, Ydot )

DO i=1,ndim
Y(i) = avux{n, i)+0. 17476028226269037d0*avx (5, i)-
0. 55148066287873294d0%aux (6, i)+
1. 20553559939652350d0%aux (7, i)+
0.17118478121951903d0%deltat*yYdot (i)

+ 4+ 4+

END DO
GO TO ¢ 90, 130, 150, 210 ). isw

2000 istep = 3
2010 IF ( n - B ) 2040, 2020, 2040
2020 DO n=2,7
DO i=1,ndim
avx(n-1,i) = auxin,i)
avxin+b, i) = aux(n+7,1)
END DO
END DO
n =7

2040 nen+1
DO i=1,ndim
avxin-1,1i) = Y(i)
auxi{n+b, i) = Ydot(i)
END DO
t = t + deltat
2060 istep = istep + 1

DO i=1,ndim
DELT = auxi(n=—4,i) + 1,3333333333333333xdeltat#( avx(n+td, i) +
+ auvxin+b, 1) ~ auxin+5, i) + aux(n+4,i) + aux(n+4d,i) )
Y(i) = DELT ~ 0.9256198347107438d0%aux (16, 1)
aux(1é, i) = DELT
END DO
CALL SYS_DYNAM ( ndim, t, Y, Ydot )

C W Derivative of Modified Predictor is generated in Ydot.
DO i=1,ndim
DELT = 0. 125d0%( 9. dO%*aux{(n-1, i)-aux{n-3, 1)+
+ 3. dOxdeltat®( Ydot(i)+2 dOvaux(n+b, i)—avx(n+s, i) ) )
aux(16,i) = aux(lé, i) - DELT
Y(i) = DELT + 0.07438016528925620d0%aux(156,1)
END DO

C R Testing whether “deltat”" must be halved or doubled.
DELT = 0. 0DO
DO i=1,ndim
DELT = DELT + aux(135, {)*DABS( aux(16,i) )
END DO
IF ( DELT - EPS ) 2100, 2220, 2220

C #um “deltat" cannot be halved, which means that Y(i) are good.
2100 CONTINUE

CALL SYS_DYNAM ( ndim,» t, Y, Ydot )

CALL OUTPUT_17 ( ndim, t. tincr, Y. Ydot )

CALL CHECK_ERROR ( ihlf, ICODE )

IF ( ICODE .NE. O ) RETURN 1

IF ( ihlf .GE. 11 ) RETURN

IF ( deltat®*{ t - tend ) _GE. 0.0d0 ) RETURN

IF ( DABS( t — tend ) .LT. O.1dO#DABS( t ) ) RETURN

e 6 & a
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2220

+ 4+ 4

IF ( DELT .GT. 0.02d0#EPS ) GOTO 2010
) ’

"deltat" might be doubled if all neceseary values are available.

IF ¢ ihlf .LE.
IF « n . LT.
IF ( istep .LT.

imod = istep/2
IF ( istep .NE.
deltat = deltat
ihlf = ihlf -
istep = 0
DO i=1,ndim
aux(n-1,1)
aux{n-2, 1)
auvx(n-3,1)
avxin+b, i)
aux(n+5, 1)
aux(n+4, 1)
DELT
DELT
aux(1b, 1)

END DO
€070 2010

"deltat” has to
ih1¢ = ihlf + 1
IF ¢ ihlf .GT

0 ) 607D 2010
7 ) GDTD 2010
4 ) 60OTO 2010

imod + imod ) GOTO 2010
+ deltat
1

avxi{n-2,1)

auvxin-4,1)

auxi{n-6,1)

aux({n+5, 1)

aux{n+3,1)

aux(n+i, i)

aux(n+b, i) + auvx(n+5, i)

DELT + DELT + DELT

B. 962962962962963d0#( Y(i)-aux(n-3,i) ) -
3.361111111111111d0%{ Ydot(i)+DELT+aux(n+4,i) )#
deltat

be halved.

10 ) €0OTD 2100

deltat = 0. 5d0Oxdeltat

istep = 0
DO i=1l,ndim

Y(i) = 0.390625d-2%( 8. di*aux(n~1, i )+135. dO*aux(n-2, i)+4. di%

auxin

-3, i)+auxin-4,1i) ) - 0.1171875d0#( aux(n+b, i)-

6. dO*aux(n+5, 1)-aux(n+4, i) )#deltat

auvxin-4,i) =

auxin-3,i) =

aux(n+4, i) =
END DO

t =t - delt
DELT = t - ( de
CALL SYS_DYNAM

DO i=1,ndim
avxin-2,1i) =
aux{n+5,1) =

Y{i) =

END DO

DELT = DELT - 2

CALL SYS_DYNAM

DO i=1,ndim
DELT = 3. DO#
aux(16,i) =

0. 370625d-2%( 12 dO*aux(n-1, i)+135. dO*aux(n-2,1)
+108. dO*aux(n-3, i )+aux(n-4,1) ) - 0.0234375d0#(
avx(n+b, i)+18. dO*aux (n+5, i )=9. dO*aux(n+4, i) )#»
deltat

aux(n-2,1)

auvx{n+5, 1)

at
ltat + deltat )
( ndim, DELT, Y, Ydot )

Yti)
Ydot(i)
auvxin—-4,1)

. 0dO#del tat
( ndim, DELT, Y, Ydot )

( auxi{n+5, i)+aux(n+4,i) )

8. 962962962962963d0%( aux(n-1, i)-Y(i) ) -
3.361111111111111d0%#( aux(n+b, i )+DELT+Ydot(i) )I#
deltat
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cC * *
[ 4 SUBROUTINE POLFRCAL »
[ { Pseudo Open Loop Frequency Response CALculations) *
c * *
€ BRI D200 A 00 3 30U 303 30 06 30360036360 36 30 30 00 00 30606 30 30 30 006063036 36 0 300 3063030003030 306 303600 0600 30 00 3606 3006 36006 30 00 00 0
c Last revised by Bor-Jau Hsieh (Andy) &
c Juan J. Rodriguez-Moscoso an 02-Jun-85
SUBROUTINE POLFRCAL( deltat )
c
cH COMMON AREAS AND DIMENSION ARRAYS »
[4
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON / FLAGC / FLAG(7)
COMMON / USER / user_choice :
COMMON /7 FRGY / Amp s Omega + Phase ’
+ ts
COMMON / FRGR / THAMP(J) » THFEE(3) » THAOL(3) e
+ THPOL(3) » THS(3) s+ THC(3) '
+ X1(3) s X2(3) ’
+ OMAMP (3) » OMFEE(Q) » OMAOL(3) ’
+ OMPOL(3) » OMS(3) » OMC(3) ’
+ X3(3) s X4(3) + XN
COMMON / PI / Pl
INTEGER user_choice
LOGICAL#]1 FLAG
c
c#* COMPUTATIONS *

[

c

IFC . NOT. FLAG(2) ) RETURN
XN = 2. dO#P1/( Omegaxdeltat )

run Calculate closed-loop amplitude & phase
po 10 1=1,3
THS(I) = THS(I)/XN
THC(I) = THC(I)/XN
THAMP (1) = 0. 0DO
THFEE(I) = 0.0D0
IF ( THS(I) .EQ. 0.0DO .AND. THC(l) .EG. 0.0DO ) GOTO 5
THAMP (1) = 2. #DSORT(THS(I)#THS(I)+THC(I)#THC(I))
THFEE(I) = DATAN2( THC(I), THS(I) )

N % Pseudo Open—-Loop Computations
THAOL(I) = THAMP(I)/DSGRT( THAMP(I)*THAMP(I)
+ + 2. ODO*THAMP (1) *DCOS(THFEE(1)) + 1.0D0 )
THAOL(I) = 20. 0DO#L0DG10( THAOL(I) )
X1(¢(1) = THAMP(I)*DSIN( THFEE(I) )



X2(1) = THAMP(1)*DCOS( THFEE(I) ) + 1.0D0
THPOL(I) = THFEE(I) ~ DATAN2( X1(I), X2(1) )
THPOL.(1) = THPOL(I1)#*180. DO/PI - 1B0. 0d0
9 CONTINUE

OMS(I) = OMS(I)/XN

OMC(1) = OHMC(I)/XN
OMAMP(I) = 0. 0DO
OMFEE(I) = 0. 0DO

IF ( OMS(I) .EQ. 0.0DO .AND. OMC(I) .EG. 0.0DO ) ¢OTO 10
OMAMP (1) = 2. #*DSGRT(OMS(1)#OMS(I)+0MC(I)*OMC(I))
OMFEE(I) = DATAN2(OMC(I), OMS(I1))

C #te Pseudo Open-Loop Computations
OMAOL(I) = OMAMP(I)/DSGRT( OMAMP(I)#0OMAMP(I)
+ + 2. *OMAMP (1) #DCOS(OMFEE(I)) + 1.0D0 )
OMAOL(D) 20. DO*L.OC10( OMADL(I) )

=
X3(1) = OMAMP(1)»DSIN(OMFEE(I))
X4(1) = OMAMP(I)#*DCOS(OMFEE(I)) + 1.0DO
OMPOL{1) = OMFEE(I) ~ DATAN2( XJ3(I),X4(I) )
OMPOL.(I) = OMPOL(I)#180. ODOQ/P1 - 180. 0dO

10 CONTINUE

IF ( user_choice .EQ. 1 ) THEN
WRITE(6, 1000) Omega/(2. ¥PI), Omega., deltat,
+ THAOL. THPOL., OMAOL. OMPOL
END IF

WRITE (17, #) Omega,
{ THADL(J), THPOL(J),
OMAOL.(J), OMPOL(J), J=1,3 )

+ +

1000 FORMAT (1HO, 4X, ’> '
! <’/1H ,

S5X: ‘#% Current frequency = ‘,612.5, % Hz (/,012.5,‘ v/,

‘ad/sec )i ‘/1H ,8BX,

’ Time increment = /,012. 5, ’ (deltaT)'’'/1H , 10X,
‘ANGULAR POSITION: ‘/1H , 10X, 16(’—*)/1H , 18X.: ‘Amplitude *,
‘¢db) ’+ 19X, ‘Phase (degrees)’/iH ,10X,’ X-axis *,’ Y-/,
‘axis ‘' Z-axis ‘2%, ‘' X-axis ‘' VY-axis ‘,’' 2’
‘~axis ‘/1H , 10X, 3(G10. 3), 2%, 3(G10. 3)/1HO, 10X,

‘ANGULAR RATE: ‘/1H , 10X, 12¢’=*)/1H , 18X: ‘Amplitude (db)’,
19X, ‘Phase (degrees)’/1H ,10X,’ X-axis ‘,’ Y-axis ~/,
¢ Z-axis 2%’ X-axis ‘)’ Y-axis ‘' Z-awnis ‘/
iH , 10X, 3(G610. 3), 2X,3(C10.3) )

+++++++++++4‘

END
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c *
c ® SUBROUTINE GQUATERNION »
c * *
R T T T A T T A F R Y TR AR R R R T R A e Y
T e This subroutine takes care of QUATERNION’s computations. The cal-
c culations present in this routine involve the computation of the
c Quaternion-Rate equations in terms of the angular rates in V and
c R frames. In this ist phase we consider Yr(i) = 0.0.
c HER Subroutine written by Juan J. Rodriguez-Moscoso on 22-Apr-85
c Last revised on 10-May-85

SUBROUTINE GQUATERNION ( ndim. Y, Ydot )
c
(2 COMMON AREAS AND DIMENSION ARRAYS ’ »
c

IMPLICIT DOUBLE PRECISION (A-H,0-2)

COMMON /7 FLAG / FLAG(7)

DIMENSION ¥(10)., ! Vehicle Theta & Omega

+ Ydot(10), ! Vehicle Theta & Omega Rates
+ Yr(10) ! Moveable Reference

LOGICAL %1 FLAG
c
c# COMPUTATIONS *
c
c kN Equating explicitly Yr(i) = 0.0

Yr( 1) = 0.0DO

Yr( 2) = 0. 0DO

Yr¢( 3) = 0.0D0

Yr( 4) = 0.0DO

Yr( 5) = 0.0D0

Yr( 6) = 0.0D0

Yr( 7) = 0.0D0

Yv¢( 8) = 0.0DO0

Yr( 9) = 0.0D0

Yr(10) = 0.0DO
C RE# If FLAG(4) = . FALSE. then no Guaternion computation is performed.

IF( .NOT. FLAG(4) ) RETURN
C EN Quaternion’s computations are done in arrays Y(i) and Ydot(i),
c previously to Integration,
c Thus, we have that:
c Gdot(1) = Ydot(4) = O. 5L Q(4)#( Yvi(1)-Yr(l1) )
c - Q(3)In( Yv(2)+Yr(2) )
c + Q(2)%l Yv(D)+yr(3) ) 1]
c . Qdot(2) = Ydot(5) = 0. 5%[ Q(3)#( Yv(1)+Y¥Yr(]1) )
c + QM) =( Yv(2)-Yr(2) )



nNnMPAMNTNAN

Q1Y% Yv(3)+Yr(3)
Q(2)%{ Yvi1)+Yr(})
Q1Y% Yv(2)+Yr(2)
Q(4)%( Yv(3)-Yr(J)
Q(1)*( Yv(1)-¥Yr(1)
Q(2)%( Yv(2)~-Yr(2)

= @(3)#( Yv(3)-Yr(3)
NN Forming the Quaternion Rate equations.

Qdat(3) = Vdot(s) = 0. 5*[

f1 4+

Qdot(4) = Ydot(7) = 0. 5%(

L R R
od

Ydot(4) = 0. 5d0#( Y(7)#{ Y(1)=-Yr(l) ) — Y(6EI#( Y(2)+¥Yr(2) ) +

+ Y(S)%({ Y(I)+Yr(3) ) )

Ydot(5) = 0, 5d0%( Y(6)#( Y(1)+Yr(1l) ) + Y(7)%( Y(2)-Yr(2) ) -
+ Y{4)%( Y(I)+¥r(3) ) )

Ydot(&6) = 0. 5d0#( -Y(5)#{ Y(1)+Yr(1) ) + Y(4A)%( Y(2)+¥Yr(2) ) +
+ Y{7)%l Y(3I)=-¥Yr(3) ) )

Ydot(7) = 0.5d0%( ~Y(4)%( Y(1)-Yr(1) ) - Y(5)n( Y(2)=-Yr(2) ) -
+ Y{&)#l Y(3)=Yr(3) ) )

RETURN

END
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c ! Copyright (c) NASA Marshall Space Flight Center !
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cC * . *
c # Subroutine RESULTS »
c # *
€ WA TEIII ITIEAE I3 U3 300360636 3646 300036 033 00 3 300 U636 036 36 360363696 3630 330 3036 300 3 063036 30 30 38 06 2606 36 6 20 90 36
C H# This rouvtine takes the data generated by the OUTPUT routine from
c the temporary files (unit=17) and builds the output files for
c each type of response.
¢ #%%  UHritten by Bor-Jau Hsieh (Andy) and
c Juan J. Rodriguez-Moscoso on 12-May-B8S
c Last revised on 02-Jun-85
SUBROUTINE RESULTS ( Y )
c
c* COMMON AREAS AND DIMENSION OF ARRAYS »
c
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
COMMON / FLAG / FLAG(7)
COMMON /READIN/ Bound(15) » Yin(10) ¢« Kp(3:3) ’
+ Kd (3, 3) » INMAT(3,3) » INMATV(3, 3) '
+ Thcom(3) + Omcom(3)
COMMON / STEP /7 PMO(3) » RTini(3) + RTend(3) ’
+ DT(3) s BTUD) s PTU(I) ’
+ RT(3) » RTimin(3) » RTemin(3) ’
+ DTmin(3) + Thpeak(3)
COMMON /7 FRG2 / THAMP(3) » THFEE(3) » THAOL(3) ’
+ THPOL (3) » THS(D) ¢+ THC(I) ’
+ X1(3) » X2(3) ’
+ OMAMP (3) » OMFEE(3) » OMADL(3) ’
+ oMPOL(3) » OMS(3) s OMCU(D) »
+ X3(3) + X4(3) + XN
COMMON / IMPU / ST_imp(3) » PT_imp(J) s Thpeak_imp(3)
COMMON / PI / Pl
COMMON / SCRP / record_counter , ndumi » ndum2
DIMENSION Y(10)
REAL#8 Kp + Kd » INMAT . INMATV
INTEGER record_counter , page_counter ., pro_type
LOGICAL %1 FLAG
CHARACTER*S HOLD
CHARACTER*7 cLS
c
c# COMPUTATIONS »

CLS = char(27)//char{?1)//char(72)//char(27)//char(F1)//char{50)
//char(74)

pra_type = 0



C %%

C %%

C *#%
10

IF « FLAG(4) ) THEN
pro_type = |
END IF
IF ( FLAG(1) ) ! BTEP Response
THEN
DOJU=1, 3
IF ( Thcom(J) .NE. O.0DO ) THEN
PHMO(U) = ( DABS(Thpeak(J)-Thcom(J))/Thcom(J) )#*100. ODO
RT(J) = RTend(J) - RTini(J)
END 1IF
END DO

NUNIT1 = 1

NUNIT2 = 7

ASSIGN 1000 TO NLINE1L
ASSIGN 1010 TO NLINE2A
ASSIGN 1020 TO NLINE2B
ASSICN 1030 TO NLINE2C
ASSIGN 1040 TO NLINE3

END IF

IF ( FLAG(2) ) ! FREGUENCY Response.
THEN
nduml = INT{ Bound(1i1) )
ndum2 = INT( Bound(12) )
NUNIT] = 2
ASSIGN 2000 TO NLINE1L
ASSIGN 2010 TO NLINE3
END 1F

IF ( FLAG(3) ) ! IMPULSE Response.
THEN
NUNIT1 = 3
NUNIT2 = 14
ASSIGN 3000 TO NLINE1
ASSIGN 3010 TO NLINE2A
ASSIGN 3020 TO NLINE3
END IF

The next portion of the routine will take care of storing results
of simulation.

REWIND 17
record_counter = 0O ! Initializing number of records.
page_counter = 0 ! Initializing number of pages.

Telling the user to use the NO-SCROLL key to see page by
page the output.

WRITE(NUNITL, #) CLS

CALL ENTER_HOLD_SCREEN_MODE ( HOLD, i, IDUMMY )
WRITE(NUNIT1, #) HOLD

WRITE(NUNIT1, 900)

Storing values in Numerical Output
CONT INUE
page_counter = page_counter + 1

WRITE(NUNIT1, #) CLS
WRITE(NUNIT1,NLINE1) page_counter

i=0



15 i=1i4+.1 ; ! 14 lines/vrecord
record_counter = record_counter + 1
IF ( FLAG(2) )
THEN
READ(17, %, END=30) FR, TEMP1, TEMP2,
€t Y(3)s y=1,10 )
WRITE(NUNIT1, 940) FR, TEMPL, TEMP2,
( Y(3)o y=1,10 )

i=1i+5
60 TO 20
END IF
IF ( FLAG(4) )
THEN
READ(17, %, END=30) ¢t ’ ! Reading All
+ ( Y(J) Jo=1,10 ) ! States
WRITE(NUNIT1, 920) ¢ '
+ ( Y(3), 4=1.3 ) , ! Writing All
+ ( Y(k), k=8B,10 ) ! Gtates
ELSE
READ(17, #, END=30) ¢, ( Y(3), )=1,6 )
WRITE(NUNIT1,920) ¢, ( Y(J), y=1,6 )
END IF
20 IF ( i .LT. 14 ) GO TO 15
WRITE(NUNIT1, ?210)
WRITE(NUNIT1, #) HOLD
GO 70 10 ! Return and write new page
30 CONTINUE

C EER Exiting from hold-screen mode.
CALL EXIT_HOLD_SCREEN_MODE( HOLD, 1, IDUMMY )
WRITE(NUNIT1, %) HOLD
IF ( FLAG(2) ) GO TO 40
IF ( FLAG(3) ) 6D TO 39

C Ru Entering hold-screen mode in unit NUNIT2=7
WRITE(NUNIT2, #) CLS
CALL ENTER_HOLD_SCREEN_MODE( HOLD, 1, IDUMMY )
WRITE(NUNIT2, #) HOLD
WRITE(NUNIT2, 900)

€ R Storing Characteristics of Step Response in THETAQCHA. STP
WRITE(NUNIT2, #) CLS
WRITE(NUNIT2, #) HOLD
WRITE(NUNIT2, NLINE2A) ( PMOCi), i=1,3 ),
+ ¢ PT(i), 1=1,3 )
WRITE(NUNITR2, #) CLS
WRITE(NUNIT2, #) HOLD
WRITE(NUNIT2, NLINE2B) ( RT(i) , i=1,3 ),
+ ¢ DTC(i) » §=1,3 )
WRITE(NUNIT2, #) CLS
WRITE(NUNIT2, #) HOLD
WRITE(NUNIT2, NLINE2C) ¢ ST(i) , i=1,3 )

[ 2 1) Exiting the hold-screen mode
CALL EXIT_HOLD_SCREEN_MODE( HOLD, 1, IDUMMY )
WRITE(NUNIT2, #) HOLD
GO TO 40



ry ’

C Hin Storing Characteristics of Impulse Response in THETAOCHA. IMP
as CONT INUE
WRITE(NUNIT2, #) CLS
WRITE(NUNIT2, NLINE2A) ( Thpeak_imp (i), i=1,3 ),
+ ( PT_imp(i), i=1,3 ),
+ { ST_imp(i), i=1,3 )

C ®ER Calling the Plotting routine to perform plots of the results
c and store them into the appropiate output files.
40 CONTINUE

CALL SCR_PLOTTER

C ¥R Ceneration of output file for the printer: PRINTER. DAT
REWIND 17 '
page_counter = 0 \

50 CONTINUE
page_counter = page_counter + 1
WRITE(18, NLINE3) page_counter

DO 40 i=1,50 ! SO0 lines/record
record_counter = record_counter + 1
IF ( FLAG(2) )
THEN
READ(17, %, END=70) FR. TEMP1., TEMP2,
( Y{3), J=1,10 )
WRITE(18,950) FR, TEMP1, Y(3), Y(7),
TEMP2, Y(4), Y(8),
Y1), Y(9)., Y(?),
Y(2), Yib), Y{(10) .

€O TO &0
END IF
IF ( FLAG(4) )
THEN
: READ(17, #, END=70) ¢t » ! Reading All
+ € ¥Yi3), y=1,10 ) ! Gtates
WRITE(18,930) ¢t '
+ CY(y) y=1.3 ), ! Writing All
+ ( Y(k), k=B,10 ) ! Gtates
ELSE

READ(17, #, END=70) ¢, ( Y(j), j=1,6 )
WRITE(18,930) ¢, ( Y(J), Jy=1,6 )

END IF
60 CONTINUE
GO 70 S0 ! Return and write new page
70 CONTINUE
RETURN

C HMHMANERIRRRRRRRRRRRIANREE FORMATS SR 50009000 00003003 30300 30000202 30 909 0 4 C
900 FORMAT(IH /1H /1H /1H /1H /1H /1H /1H /1H , 5%,

+ ‘In order for you to see the output generated by the’/
+ 1H , 5X, ‘SIMULATION Program, please, PRESS the NO-SCROLL key’/
+ 1H ,5x, ‘to start looking at the Output... ‘/
+ 1H /1H /1H /1H /1H 71H /1H /1H /iH /71H /1H )

910 FORMAT(1H /1H .2X, ‘Please, Press the NO-SCROLL key to conti‘,
+ ‘nue on next page...’)

920 FORMAT( GB. 3, 6(G12.4) )



930
940
950

FORMAT(1H , G12. 6:6(G20. 12))
FORMAT( 8.3, 3( 461B8.6/ BX) )
FORMAT(1H ., 13G10.2)

1000

1010

1020

1030

1040

T et

L R R arY
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FORMATS FOR STEP ANALYSIS C.
FORMAT(1H , 10X, ‘NUMERICAL OUTPUT FOR STEP RESPONSE ANALYSIS’, 9x.
‘Page ‘., 13/1H ,
10X, '/iH /
‘Time’, 6X, 'OMEGA(x) ’, 4X, 'OMEGA(y) ’, 4X, ‘OMEGA(2)’,
4%, ‘THETA(x) ’, 4X, "THETA(y) ’, 4X, 'THETA(2) '/ '(sec) ’,
2X,3( 3x, ‘(rad/sec)’ ),3( 3x, '(radians)’ )
/4('-"),2X, 6(4X,8('~")))
FORMAT(1H ., 20X, ‘Characteristics of Step Response’, 10X, ‘Page 1*
/1H ,20x,32(’'=’)/1H /1H /
1H , 10X, ‘1.~ PERCENTAGE OF MAXIMUM OVERSHOOT’ .
¢ (PMO)*/1H , 14X, 37('=')/1H /
1H , 14X, 'PMO (x-axis) = /,012. &6, ' % '/
1H . 14X, (y-axis) = *,012. 6, % /7
1H , 14X, * (z-axis) = 7, @12. 6, " %4 ‘/1IH /
1H , 10X, ‘2. - PEAK TIME (PT)‘/1H , 14X, 14¢(’~*)/1H /
1H , 14X, ' PT (x-axis) = /,812. 4, sec. '/
iH , 14X, ’ (y-axis) = *,G12. 6, ' sec.’/
iH ., 14X, ’ (z-axis) = /,012. 46, sec. '/1H /tH /
iH , 2X, ‘Please, Press the NO-SCROLL key to continuve ’
‘on next page... ’/1H /1H )
FORMAT(1H , 20X, ‘Characteristics of Step Response’, 10X, ‘Page 2’
/1H . 20x,32(*=’)/1H /1H /
1H , 10X, ‘3. - RISING TIME (RT)‘/1iH + 14X, 160 '=72/1H /
1H , 14X, ' RT (x-axis) = *,012. 6, ' sec.’/
iH , 14X,/ (y-axis) = "012 b, ! sec. '/
1H , 14X, ’ (2-axis) = /,012. 6, "’ sec. '/1H /
1H , 10X, ‘4. - DELAY TIME (DT)‘/1H , 14X, 15('~*)/1H /
1H , 14X, * DT (x-axis) = *, 012 &, ' sec. ’/
1H . 14X, ’ (y-axis) = /,012. 6, ' sec. '/
1H , 14X, * (z-axis) = *,012. 6, sec. '/1H /1H /
iH » 2X: ‘Please, Press the NO-SCROLL key to continue
‘on next page...’/1H /iH )
FORMAT(1H , 20X, ‘Characteristics of Gtep Response’, 10X, ‘Page 3’
/1H ,20x,32('=’)/1H /1H /
1H , 10X, ’5. -~ SETTLING TIME (ST)‘/1H ,14X,18(’-’)/1H /
i1H , 14X, ’ 8T (x-axis) = /,012. 4, ' sec.’/
iH , 14X, (y-axis) = /,012. 6, ’ sec. '/
iH . 14X, ’ (z-axis) = /,0612. 6, ' sec.’)
FORMAT (1H1, 25X, ‘NUMERICAL OUTPUT FDR STEP RESPONSE ANALYSIS’, Sx.
‘Page ‘. 13/1H ,
25X, ! */1HO/
1H . 2X, ‘'Time’, 12X, ‘OMEGA(x) ’, 12X, ‘OMEGA(y) *, 12X, ‘OMEGA( ‘,
)’ 12X, ‘THETA(x) %, 12X, 'THETA(y) *, 12X, ‘THETA(Z) "’
/71H 2%, '(sec)’, 3( 11X, '(rad/sec)’ ), 3( 11X, ‘(vadians)’ )
Z71H 2%, 5(’'="), 6(11X, 9( =)
/1H )

2000

R R

FORMATS FOR FREQUENCY ANALYSIS c
FORMAT(1H , 10X, ‘NUMERICAL OUTPUT FOR FREQUENCY RESPONSE ANALYSIS'
» 5%, 'Page ‘,13/1H .,
10X, * ’
/1H /1H /
‘Freq. ‘26X ‘THETA_AMP(x) ’, 6X, *THETA_PHA(x) ’,
&X. ‘OMEGA_AMP(x) ’, 6X. 'OMEGA_PHA(x) */
’ ‘56X, "THETA_AMP (y) ’, &X) 'THETA_PHA(y) /.,




2010

4+t

L 2K K K K K 3K 2R 2K 2% AR 4

. 3 &6X, 'OMEGA_AMP(y) *, 6X, ‘OMEGA_PHA(yY) ¢/
4 ‘' 6X, 'THETA_AMP(2) ’, 6X, ‘THETA_PHA(2) ’,
6X, 'OMEGA_AMP(z)’, &X, ‘OMEGA_PHA(2)
/1H )
FORMAT (1H1, 33X, ‘NUMERICAL OUTPUT FOR FREGUENCY RESPONSE ANALYSIS‘
+5x, ‘Page ‘, 13/1H ., .
3ax, ‘
/1HO/1H , 13+ ) '+ /1H
‘iFrequency! ‘. 21X, ‘ANGULAR POSITION’, 22X, ’1’, 23X,
’ANGULAR RATE’, 24X, '1'/8H , *1’,9X, '}’
+9X, ‘Amplitude’, 11X, 17/, 11X, ‘Phase’, 13X, "1/, 9X,
‘Amplitude’, 11X, ‘1 ’, 11X, ‘Phase’, 13X, ‘1’
JiH 19X, 109X, ‘(Decibels) ’, 10X, ‘1 /) 9Xs ‘(Degrees)’,
11X, 14, 9X, ‘{(Decibels) ’, 10X, 1/, 9X, ‘{Degrees) ', 11X, ’1*
ZiH » 17X, 402X, ‘) X-axis ‘. 4X, 'Y—-axis’, 44X, '2Z-axis’),
‘1 /1H L 130 e R T4 24
)

3000

3010

3020

+E+ L+ L LT EE e E et

+t++++++d

FORMATS FOR IMPULSE ANALYSIS C
FORMAT (1H , 10X, ‘NUMERICAL OUTPUT FOR IMPULSE RESPONSE ANALYSIS’
» SXo ’Page ', 1371H
10X, * ’
/1H/tH , ‘Time’, X, ‘OMECA{x) ‘, 4X, 'OMEGA(y) ’, 4X, '‘OMEGA(2) ',
aX, 'THETA(x) ‘', 4X, 'THETA(y) ’, 4X, 'THETA(2)’'/1H ,4('~"),
2%, 6(4X,8('~"))
)
FORMAT(1H , 20X, ‘Characteristics of Impulse Response’/iH ,20x,
35(’=7)/1H0, 10X, 'ANGULAR POSITION’/IH , 10X, 1&(’~*)/
1HO, 10X, ‘1. - Peak value (x—axis) = ‘,G12. 6, (rad)‘/
iH , 10X, * (y-axis) = /,012. 6,7’ (rad)’/
1H , 10X, / (z-axis) *012. 6, ' (vad) '’/
1HO, 10X, ‘2. - Peak time (x~axis) ,612. 6, ' (sec)’/
iH , 10X, (y-axis) 'w0612. 6, ' (sec)’/
’
,
’
L4

-

tH , 10X, ’ (z-axis) 'vG12. 6, ' (sec)’/
1HO, 10x, ‘3. - Settling time (x-axis) ‘4612. 6, ' (sec)’/
iH ., 10X, ’ (y-axis) ' Q12. &6, (sec)’/
iH , 10X, (z—-axis) ‘y012. &, (sec)’
)
FORMAT (1H1, 25X, ‘NUMERICAL OUTPUT FOR IMPULSE RESPONSE ANALYSIS’
» 5%, ‘Page ‘, 13/1H ,
25X, ’ 4
/71H0/
1H ., 2X, ‘Time’, 12X, ‘OMECGA(x) ’, 12X, ‘OMEGA(y) ’, 12X, 'OMEGA( ',
‘2) . 12X, ‘THETA(x) *, 12X, 'THETA(y) 7, 12X, 'THETA(Z2) '
/Z1H . 2X, (sec)’, 3( 11X, ‘(rad/sec)’ ), 3( 11X, ‘(radians)’ )
/1H 2%, 50 '=), (11X, 9('=*))
/1H )

END

¢
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c
(4K J *
c ® Subroutine RUNGE_KUTTA T *
c # *
€SI I3 I 000 A 60000 3606003303000 063030 330000 3636 36 346 3096 336 00 360 36 3636 96 36 30 96 36 30 3490 3036 6 34 309
C wER Solution of a system of first order ordinary differential
c equations with given initial values.
c Particuvlar situation: & variables devided into two sets.. one for
(4 position and the other for angular velocity.
C %un If Quaternion’s Cohputatlon: are going to be performed a new set
c of 4 variables is added.
C N The method applied is by means of 4th order Runge-Kutta formul-
c ation by using the modification due to Gill.
C e Written by Juan J. Rodriguez-Moscoso on 22-Jan-85
c Last revised on 01-Jun-85
SUBROUTINE RUNGE_KUTTA ( ndim + ! Dimension of States.
t0 » ! Initial time,
tf s ! Final time,
tincr » ! Time increment.
EPS s ! Precision Epsilon.
Y + ! Array of States. )
Ydot + ! Derivative of States.
L ) ! Error Return code.
c
c COMMON AREAS DEFINITIONS AND ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H.0-2)
DIMENSION Y(10) + Ydot(10) +» aux(16,10) ’
ala) » b(4) + €(4)
c
c* COMPUTATIONS »

20

DO i=1,ndim
aux(B, i) = 0, 066564L6b5666LL64667d08Ydot(1)

END DO
t = t0 ! Btarting time.
tend = tf ! Ending time.
deltat = tincr ! Time increment.
ICODE = O ! Stop condition.

CALL SYS_DYNAM ( ndim, &, Y, Ydot )
IF ( deltat#( tend-t ) ) 380, 370, 20 ! Error Test.

a( 1) = 0.5d0



al 2)
alt 3J)
a( 4)

0, 29289321688134524840
. 7071067811865475d0
. 166b66bbLLLEL6E67H0

b( 1)
b{ 2)
b( 3)
b 4)

. 0dO
. 0d0

1
0
2. 0d0
1
1
2. 0d0

c( 1) = 0.
cl 2) = a( 2)
c( 3) =

cl 4) = 0. 5d0

DO i=1l,ndim ! First Runge-Kutta step
aux( 1, i) Y(i)
aux{ 2, Ydot(i)
aux{ 3, i) = 0.d0
aux( &, i) = 0.d0

[ L
~
o

END DO
irec = 0
deltat = deltat + deltat
ihlf = -1
istep = O
iend = 0
40 IF ( (t + deltat - tend)xdeltat ) 70, 60, 50
50 deltat = tend - ¢
60 iend = 1
70 CONTINUE

CALL OUTPUT_17 ( ndim, ¢, tincr., Y, Ydot )
CALL CHECK_ERROR ( irec, ICODE )
IF ( ICODE .NE. O ) RETURN 1
itest = 0
90 istep = istep + 1

J=1 ! Start of innermost Runge-Kutta loop.
100 a)y = al j)
by = b( )
cyg = cl )
DO i=1,ndim
Tl = deltat#Ydot(i)
T2 = a)*¥{ ri-b %aux(b,i) )
Y(i) = Y(i) + r2
r2 =rv2 + 72 + 12
auxlb, i) = aux(b,i) + 2 - cyurdl

END DO
IF ( ) — 4 ) 120, 150, 150
120 J =3 +1
IF ¢ 3 = 3 ) 130, 140, 130
130 t = t + 0. 5d0xdeltat
140 CALL SYS_DYNAM { ndim, t, Y, Ydot )
G0 TO 100
150 IF ( itest ) 160, 160, 200 ! Test of Accurracy
160 DO i=1.,ndim

aux( 4, i) = Y{i)
END DO



%®

180

200
210

230

250
260

(11
280

320

itest = N
istep = istep + istep - 2
ihl¢ ihlf + 1

t = ¢t - deltat
deltat = O.5dOxdeltat
DO i=1,ndim

Y(i) = aux( 1, i)
Ydot(i) = aux( 2, i)
aux( 6, i) = aux{ 3, i)
END DO .
60 TO0 90

imod = istep/2
IF ( istep - imod - imod ) 210, 230, 210
CONTINUE
CALL SYS_DYNAM ( ndim:, t, Y, Ydot )
DO i=i,ndim
aux(9,i) = Y(i)
auxl(7,i) = Ydot(i)
END DO
60 TO 90

delt = 0. 0DO
DO i=1,ndim .
delt = delt + aux(B8, i)#DABS( aux(4,i)-Y(i) )
END DO
IF ( delt - EPS ) 280, 280, 250
IF ( ihl# - 10 ) 260, 360, 360
DO i=1,ndim
aux{ 4, i) = aux( 5, {)
END DO
istep = istep + istep - 4
t =t - deltat
iend = 0
G0 TO 180

Result values are good
CONTINUE
CALL SYS_DYNAM ( ndim: t, Y., Ydot )
DO i=1,ndim
aux{ 1, i) = Y(i)
aux{ 2, i) = Ydot(i)
auxl 3, i) = aux{ &6, 1)
Y(i) = aux( S, i)
Ydot(i) = aux{( 7, i)
END DO
CALL OUTPUT_17 ( ndim, t-deltat, tincr, Y, Ydot )
CALL CHECK_ERROR ( ihlf, ICODE )
IF ( ICODE .NE. O ) RETURN 1
DO i=1l,ndim
Y{(i) = aux( 1, )
“Ydot(i) = aux( 2, i)
END ‘DO
irec = ihlf
IF ( iend ) 320, 320, 390

ihl1é = ihlé - 1 ! Increment gets doubled,
istep = istep/2
deltat = deltat + deltat



330
340

350

360

370

380
3720

IF ¢ ihl§,) 40, 330, 330

imod = istep/2

IF { istep — imod - imod ) 40, 340. 40

IF ( delt - 0.02d0%*EPS ) 350. 350,

ihlf = ihlf - 1

istep = istep/2
deltat = deltat + deltat
GO TO 40

ihl¢ = 11

CALL SYS_DYNAM ( ndim:, ¢, Y. Ydot )

GO 7O 390

ihlf = 12
GO TO 390

ihlé = 13

CALL OUTPUT_17 ( ndim,» t, tincr,
CALL CHECK_ERROR ( ihl#, ICODE )
IF ( ICODE .NE. O ) RETURN 1

RETURN
END

Y,

40

vdot )



© IS I IS0 SIS0 I I TN IE I 300 000000 0060 0000000000000 0003000 63006000 2
c # %
c * Subroutine SCR_PLOTTER *
c * *
€ SIS0 001 00300 060 30 0 3 JE T 06030 0636003630 00036 0606360034090 0036 38 36 3 3006 0000 3030 9630 00 06 48 34 96 96 06 3¢
C..... Written by Juan J. Rodriguez-Moscoso on 07-May-85

C..... This routine reads in a file FORO17. DAT previously created with
[ - all data to be plotted. Then, it proceeds to build a screen plot
C..... of this data for VT100’s like terminals. N

SUBROUTINE SCR_PLOTTER

(3 COMMON AREAS AND ARRAYS DEFINITIONS *

IMPLICIT DOUBLE PRECISION (A-H,0-2)

] Common Areas Definitions:

COMMON /READIN/ Bound(15) « Yin(10) » Kp(3,3) ’
+ Kd(3, 3) » INMAT(3, 3) « INMATV(3, 3) »
+ Thcomt3) » Omcom(3)

COMMON / FLAG / FLAG

COMMON / SCRP / number_records, ! Step Response
number_decades, ! Frequency Response
number_samp_#¢

C WiE Dimensioning of Arrays

DIMENSION Y12, 61), ! Plot of axes
Ymax(12),
Ymin(12),
t(7)

C H¥R Variable definitions

LOGICAL#*1 FLAG(7)

REAL*8 Kp ¢+ Kd » INMAT , INMATV

CHARACTER#1 plot_symbol(6), blank, bode_symbol(4)

CHARACTER#®3 home_pos

CHARACTER#A upl, TITULO2A

CHARACTER#%S mover, moved, curs_pos, moveriO, TITULO7D,
TITULDB

CHARACTER#7 TITULO3A, TITULO3B

CHARACTER#8 TITULO2B

CHARACTER#*9 TITULO7A, UNIDAD(3)

CHARACTER#10 blanco

CHARACTER*12 TITULO4A, TITULOAB, TITULOA, TITULO9
CHARACTER#15 TITULOL

CHARACTER#*17 TITULOS

CHARACTER#46 TITULO

DATA plot_symbol/’x’,‘y‘s *2’, *x’, 'y’» ‘2'/, blanks’' */
DATA TITULD1/'Plot of Angular'’/,
TITULO2A/ ‘RATE‘/, TITULO2B/'POSITION’/,
TITULO3A/ ‘L0Omegal’/, TITULO3B/’LTheta(’/,
TITULOAA/ )] (vrad/sec)’/, TITULO4B/’)] (radians)’/
» TITULOS/’vs Time (seconds)‘/,
TITULOAL/ ‘Bode Plot of’/,
TITULO7A/ 'AMPLITUDE /., TITULO7B/ ‘PHASE’/,



TITULOB/ '~axis '/,
TITULO9/ ‘vs FREQUENCY’/

DATA UNIDAD/’(decibel)’, ‘(degrees)’, '({rad/sec)’/
DATA TITULO/® '/, blanco/’ °/
DATA bode_symbol/ ‘A’ ‘P’ ‘A’ 'P’/
c
c* PLOTTING *
c -
C Wi Check out FLAGs to determine how many plotting files are needed.
REWIND 17
call cursor_right( mover10, 1, idumm, 10 )
call cursor_up( upl, t, idumm, 1 )
call cursor_home{ home_pos, 1, idummy )
DO i=1,3
IF ( FLAG(i) )
THEN
cGoTO0 ¢ 1, 20 3 ) i
END IF
END DO
C THETAOPLOT. STP & OMECAOPLOT. STP c
1 CONTINUE

is_salto = (number_records - 1)/60
is_resto = MOD( number_records — 1, &0 )
is_resal = is_salto
kt = 1
IF ¢ FLAG(4) )
THEN
READ(17,%) t(1), ¢ Y(k.1), k=1,3 ), TEMP, TEMP, TEMP, TEMP,
( Y(k.1), k=4,46 )
DO I = 1,460
DO J = 1, is_resal
READ(17, #) t(kt+1), ( Y(k,I+1), k=1,3 ), TEMP, TEMP,
TEMP, TEMP, ( Y(k.I+1), k=4,46 )

END DD
IF ( MOD(I,10) .EG. O ) kt = kt + 1
END DD
ELSE
READ(17,#) t(1), ( Y(k.1), k=1.6 )
DO I = 1,60

DO J =1, is_resal
READ(17, #) t(kt+1), ( Y(k,I+1), k=1,6 )

END DO
IF ¢ MOD(I,10) .EQ. O ) kt = kt + 1
END DO
END 1IF
DO I = 1,6

Ymax(I) = 0.0
Ymin(I) = 0.0
END DO
DO I = 1,60
Do v =1.6
IF ( Y(J, 1) .GT. Ymax{(J) ) Ymax(J) = Y(JU,I)
IF € YU, 1) .LT. Ymin(J) ) Ymin(J) = Y(J. 1)
END DO
END DO



iunit = 9 .
DO I = 1.6 t Plotting first OMEGAOPLT.&TP for every axis.
' and then THETAOPLT. STP
TITULO = * ¢
TITULO(1:28) = TITULO1//blank//TITULO2A//blank//TITULD3A
TITULD(29:59) = plot_symbol(i)//TITULO4A//blank//TITULOS
IF (1 .67. 3)
THEN
iunit = B
TITULO(17:63) = TITULO2B//blank//TITULO3B//plot_symbol(i)
//TITULDAB//blank//TITULOS
END IF
call clear_display( iunit, '#’ )
call draw_axes( iunit, Ymax(I), Ymin(I), ¢, kt )
WRITE(iunit, #) home_pos, blanco, TITULO
call cursor_down( moved, 1, idummy, 21 )
idummy = idummy - 1
WRITE(iunit, #) moved(1: idummy), upil
posit = 20.0%( Y(I,1) ~ Ymin(I) )/( Ymax(i)-Ymin(I) )+1. 0ODO
new_position = NINT(posit)
call cursor_up{ moved, 1, idumm: new_position )
idumm = idumm-—1 .
WRITE(iunit, #) moved(1:idumm), moveriO, plot_symbol(i), upl
old_pos = posit
DD J=1, 60
posit = 20.0#( Y(i, j+1)-Yminl(i) )/{(Ymax(i)-Ymin(i))+1.0
is_posic = NINT(posit) —~ NINT(old_pos)
old_pos = posit
new_position = is_posic
IF ¢ new_position .CE. 0 )
THEN
call cursor_up{ curs_pos, 1, idum: new_position )
ELSE
call cursor_down( curs_pos, 1, idum
IABS(new_position) )
END IF
idum = idum-1t
call cursor_right( mover, 1, idumm, J )
idumm = idumm -
IF ( new_position .EG. O )
THEN
WRITE(iunit, #) mover1O, mover(1:idumm),
plot_symbol(i), upi
ELSE
WRITE(iunit, #) curs_pos(1:idum), moveriO.
: mover{(i:idumm), plot_symbol(i), upl
END IF
END DO

WRITE(iunit. %) home_pos

call cursor_down( moved, 1, idummy., 21 )
idummy=idummy - 1

WRITE(iunit, #) moved(1:idummy)

LY

END DO
RETURN
THETAOAMP. FRQ & THETAOPHA. FRG c
OMEGAOAMP. FRG@ & OMEGAOPHA. FRG c
CONTINUE



kt = 0
number_rechrds = number_decades#number_samp_f + 1
DO i=i, number_records
IF ( Bound(13) .EQ. 1.0D0 )
THEN '
READ(17, #) t(kt+1), ( Y{k, i), k=1,4 ), (TEMP, k=1,8)
iaxis = 1
ELSE
IF ( Bound(14) .EQ. 1.0DO0 )
THEN
READ(17, %) t(kt+1i), (TEMP, k=1,4), ( Y{(k,i), k=1,4 )
s ( TEMP, k=1,4 ) *
iaxis = 2
ELSE
READ(17,#) t(kt+1), (TEMP, k=1,8), ( Y(k,i), k=1,4 )
iaxis = 3
END 1IF
END IF
IF ( MOD( i-31, number_samp_f ) .EQ. O ) kt = kt + |
END DO
DD i=1.4
Ymax(i) = 0. 0DO
Ymin(i) = 0. 0DO
END DO
DO i=1, number_records
DO )=1,4
’ IF € Y(3:i) .GT. Ymax()) ) Ymax{y) = Y(,4, i)
IF ¢ Y(),i) .LT. Ymin(y) ) VYmin(y) = ¥Y(,y,i)
END DO
END DO

DO I=1.,4
TITULO = ¢
TITULO(1:13) = TITULOA//blank
TITULO(14:22) = TITULO2B//blank
IF ( I .GT. 2 ) TITULO(14:22) = * ‘//TITULO2A//’ ’
IF ( MOD(1-1,2) .EQ. 0 )
THEN ’
TITULD(23:34) = TITULO7A//’ for ’
TITULO(37:55) = plot_symbol(iaxis)//TITULOB//blank//
TITULOD?
blanco = UNIDAD(1)
ELSE
TITULO(23: 32) = TITULO?7B//‘ for '
TITULO(33:51) = plot_symbolliaxis)//TITULOB//blank//
TITULO9
blanco = UNIDAD(2)
END IF
ivnit = 9 + I
call clear_display( iunit, %’ )
call draw_axes( iunit, Ymax(I), Ymin(I), t, kt )
WRITE(iunit.,#) home_pos:, blanca, ‘y TITULO(1:5%5)
blanco = * '
call cursor_down( moved. 1, idummy, 20 )
call cursor_right( mover, 1, idum: 71 )
idummy = idummy - 1
idum = idum - 1
WRITE(iunit, ¥) moved(1:idummy), mover(1l:idumm), UNIDAD(3),
home_pos
call cursor_down{ moved. 1, idummy, 20 )



nWwn

idummy = idummy - 1

WRITE(funit, #) moved(1: idummy)

posit = 20.0%( Y(I,1) - Ymin(I) }/( Ymax(I)-Ymin(I) )+1.0d0
new_position = NINT(posit)

call cursor_up( moved, 1, idumm, new_position )

idumm = idumm—1

WRITE(iunit, #) moved(1:idumm), moverlO, bode_symbol(I), upl
old_pos = posit

DD J=1, number_records-1
posit = 20.0%( Y(i, )+1)-¥Ymin(i) )/(Ymax{(i)-Ymin(i))+1.0
is_posic = NINT(posit) - NINT(old_pos)
old_pos = posit
new_position = is_posic
IF ( new_position .CE. 0 )
THEN
call cursor_up( curs_pos, 1, idum: new_position )
ELSE
call cursor_down( curs_pos, 1, idum,
IABS(new_position) )
END IF
idum = idum - 1
K = 60%J/( number_records - 1)
call cursor_right( mover, 1, idumm. K )
idumm = idumm - 1
IF ( new_position .EQG. 0 )
THEN
WRITE(iunit, #) mover10, mover(1:idumm).
bode_symbol(i)., upl
ELSE
WRITE(iunit, %) curs_pos(1:idum), moveriO,
mover(1:idumm), bode_symbol(i), upt
END IF
END DO
WRITE(iunit, #) home_pos
call cursor_down( moved, 1, idummy, 21 )
idummy = idummy - 1
WRITE(iunit, ) moved(1:idummy)

END DO
RETURN
THETAOPLT. IMP & OMEGAOPLT. IMP c
CONTINUE
Non implementation for IMPULSE RESPONSE Plotting.
RETURN

END
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c * *
[ Subroutine SIMULATION *
[ ] *
€ I I3 36 00306 33636 330006 303036 36 33 0030360000 3636 330 06 363606 3 30 3336 3010 303360000 3 000 08
[ 2 2 Written by Bor-Jau Hsieh (Andy) &
c Juvan J. Rodriguez-Moscoso on 03-Jun-85
SUBROUTINE SIMULATION ( ICODE )
c
c# COMMON AREAS AND DIMENSION ARRAYS »
c
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON / FLAG / FLAGL7)
COMMON / USER / user_choice
COMMON /READIN/ Bound(15) v Yin(10) » Kp(3,3) ,
+ Kd (3, 3) + INMAT(3, 3) » INMATV(3,3) '
+ ’ Thcom(3) + Omcom(3)
COMMON / STEP / PMOD(J) » RTini(3) » RTend(3) ’
+ DT(3) s 8T(I) » PT(3) ’
+ RT(3) +» RTimin(3) + RTemin(3) ’
+ DTmin(3) » Thpeak(3)
COMMON / FRGL / Amp » Omega + Phase '
+ ts
COMMDN / FRGQ2 / THAMP(3J3) + THFEE(3) » THADL(3) '
+ THPOL(3) + THS(I) + THC(3) ’
+ X1(3) » X2(3) .
+ OMAMP (3) » OMFEE(3) » OMADOL(3) ’
+ OMPOL.(3) » OMS(3) » OMC(3) ’
+ X3(3) » X&4(3) » XN
COMMON / FRQ3 / Freq s Const + Tau
COMMON / IMPU / ST_imp(3) s PT_imp(3) "» Thpeak_imp(3)
COMMON /7 DAMP / damp_flag
DIMENSION Y(10) s Ydot(10)
INTECER vser_choice, damp_£flag
REAL*8 Kp v Kd + INMAT ,» INMATV
LOGICAL*1 FLAG
CHARACTER#*9 Response_type
DATA Response_type/’ '/
c
c COMPUTATIONS *
c
C HeE Initializing of the common input parameters.

ndim = &

t0 = Bound(1)
tf = Bound(2)

deltat = Bound(3)

! dimension of the system
! initial time

! final time

! time increment



[ 2 2 3

10

C #ER

[ 2 1 2

(4K 1 2 2

[ 2 2 J
c

c —=>

Check if damping exits.
damp_flag = 0 b
DO 1=1,3 =
DO J=1,3
IF ¢ Rd(I.J) .NE. 0.0DO )
THEN
damp_flag = 1
GOTO 10
END IF
END DO
END DO
CONTINUE

Computing the inverse of the lnertia Matrix.
D0 1=1,3

DO J=1,3

INMATV(I, J) = INMAT(I,J?

END DO
END DO
CALL MATINV( INMATV, 3, ICODE )
IF ( ICODE .NE. O ) RETURN

Checking FLAG(i) [i=1,3] for determining type of analysis
IF ( FLAG(1) ) THEN
STEP Response Analysis

CONTINUE
Setting Input Commands to Step. ! May-28-85
DO )=1,3
Thcom( ) = Bound{(j+12)
Omcom()) = Bound( j+9)
END DO

Initialization for step response characteristics analysis
DO J’I: 3

RTimin()) = Thcom(y)
RTemin(y) = Thcom(y)
DTmin(j) = Thcom(y)
PMOC(3) = 0.0DO ,
RT(y) = 0.0DO
DT(y) = 0.0DO
ST(y) = 0.0DO
END DO
Nrt = 1
Response_type = ‘STEP’
GOTO 100
END IF

Frequency Response Analysis

IF ( FLAG(2) ) THEN
Initialize input parameters
D0 y=1.3
Thcom(y) = 0.0d0 ! Input Commands = 0.0 for
Omcom{ j) = 0.0d0 ! Pseudo Open-Loop Frequency Response
END DO
Tav = Bound(2) ! Time constant
Amp = Bound(8) ! Amplitude



Fhase = Boynd(10) ! Phase
Ndec = Bound{(11) ! # of decades
Nsd = Bound(12) ! ¥ of sampling freq. /decade
deltat = Bound(3)
Const = DEXP( (DLOG(10.0DO) )/DFLOAT(Nsd) )
Freq = Bound(2)/Const ! Lowest &ngular Freq
Nsf = Ndec#Nsd + 1
Nrt = Ns¢f
Response_type = ‘FRCLQUENCY’
GOTO 100
END IF

C HdR IMPULSE Response Analysis

IF ( FLAG(3) ) THEN

Nrt = 2
Response_type = ‘IMPULSE’
END IF
c STARTING SIMULATION
100 CONTINUE
WRITE(&, 1000) Response_type
c WRITE(6, 1010)
c READ(S, #) user_choice
user_choice = 1 'This will be taken out.
DO i=1, Nrt
CALL INITIALIZE ( Nrt '
ndim ’
to .
tf ’
deltat ’
Y )
CALL INTEGRATION ¢ ndim '
to ’
tf ’
deltat ’
Y ’
Ydot ’
&110 '
&120 )
CALL POLFRCAL ( deltat )
END DO
CALL RESULTS( Y )
RETURN
110 ICODE = 2
RETURN
120 ICODE = 3
RETURN

1000 FORMAT (1HO, 5X,
. 5SHFORTRAN-77 ‘Generic Simulation Program’ under Execution
/1H 5%, 55(‘~*)/1H0, 5X, * - Type of response analysis se’,
. ‘lected = ,A )
c1010 FORMAT(1H , 5X: * = Hould you like to see partial results during ’,

c . ‘the execution ‘/1H ,9X, ‘of the simulation program?’/1H .
c . 20X, ‘1) yes’/1H ,20X, ‘'2) no’/1H ,9X., ‘Select your choice:’
c . /Z1H 12X, ‘H ‘%)

END
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c * . *
c SUBROUTINE SUM_ERRORS *
c * *
€ SHIEIE IS 3036 3000003000 3020 A0 063006302600 36 363636 303606 06 3600 00306 0600 36 00 3608636300 00 00 38 303090 30 3438 3¢
c This routine calculates the errors between
c INPUT COMMANDS and OUTPUTS
c at summing Junction of the system block diagram
c ##%  UWritten by Juan J. Rodriguez-Moscoso &
c Bor-Jau Hsieh (Andy) on O04-May-85
c Last revised on 13-May-85

SUBROUTINE SUM_ERRORS( ndim, Thcom. Omcom, Y, Therr, Omerr )
c
c# COMMON AREAS AND DIMENSION ARRAYS *
c

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
C R Common Areas Definitions:

COMMON / FLAG /7 FLAG(7)
C RER Dimensioning of Arrays

DIMENSION Y(10), ! Vehicle Theta & Omega

+ Thcom(3), ! Input Command Position
+ Omcom(3) ! Input Command Rate
DIMENSION Therr(3), ! Position Error
Omerr(3) ! Rate Error

C W Variables Definitions

LOGICAL*1 FLAG
c
c* COMPUTATIONS *
c
[ 2 2 If the Quaternion block is considered during the SIMULATION, then
c the Computation of Errors are performed only for the angular Pos-
c ition of the vehicle.

IF ( .NOT. FLAG(4) ) GOTO 100

poi= 1,3

Therr{(i) = Thcom(i) - Y(i+7) ' Ang. pos. from Y(8) to Y(10).
Omerr(i) = - Y(i) ! Unvariable Omega_yv.

END DO

RETURN
C #EE Compute Angular Position & Rate Errors for Prototype 1 system.
100 CONTINUE

po y = 1.3
Therr()) = Thcom{)) -~ Y{(+3)
Omervr(y) = Omcom(y) - Y())
END DO
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*
*
*

Subroutine SYS_DYNAM

*
*
*

6330 33636336360 303 36 026366 30 3 63 338 3636 36 30 3 3 362 3B 636 L3636 3 I 333630 9636 363034 9696 3006 36 3 36 3 3 36963 96 36 336 3 30 3 96

* % HWritten by Juan J. Rodriguez-Moscoso Q
Bor-Jau Hsieh (Andy) on 30-Apr-89

c Last revised on 29-May-89
SUBROUTINE SYS_DYNAM ( ndim. ¢, Y, Ydot )
c
c* COMMON AREAS AND DIMENSION ARRAYS *
c
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON / FLAG / FLAG(7)
COMMON /READIN/ Bound(15) Yin(10) » Kp(3,3) ’
+ Kd (3, 3) INMAT (3, 3) » INMATV(3. 3J) '
+ Thc%m(a) Omcom(3)
DIMENSION Y(10) Ydot(10) » Therr(3) ’
+ Omerr(3)~ Torque(3)
REAL %8B Kp + Kd INMAT , INMATV
LOGICAL %1 FLAG ’
c
c#* COMPUTATIONS »

CALL SUM_ERRORS
CALL ANALYSIS

CALL CONTROLLER
CALL BODY_DYNAM
CALL GQUATERNION
CALL NEW_VALUES

RETURN
END

ndim, Torque.

o~ o

ndim, Y )

ndim. Thcom, Omcom, Y, Therr. Omerr )
ndim. ¢, Y, Thervr, Omerr )

ndim» Therr, Omerr, Torque )

Y, Ydot )

ndim, Y, Ydot )
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