
/A O—AO4O 116 AEROSPACE SYSTEMS INC BURLINGTON MASS FIG 518
PILOT MOOCLING FOR MAPIIED SIMULATION. VOLUME II. PROGRAM PIREP —flew)
DCC 76 K S OOYt.E. W C HOFFMAN F33615 75—C—3069

UNCLASSIFI ED ASI—T R—76—29—VOt.—2 AF FOL—TR— 76—121—V Ot—2 ML 

Gfl~_fl~ _ _ _Pr~I 
F I L M E D



II ‘ “ ‘~ IIIII~ HHI~I.V L
_ _ _ _  

L ~ 3 2  
2.2

_ _ _ _  L 
~ 3o =

I I~

III(I~
8

Hill I .25 IlO~ ~fl~i.o

MICROCOPY RESOLUTION lEST CHART
NAI~ .NAI I~() r ~f ~~ ~~~~~~~



&124

‘ PILOT MODELING FOR MANNED SIMULATION

~~ Volume II
~~ PROGRAM USER’S MANUAL

AEROSPACE SYSTEMS, INC.
BURLINGTON, MASSACHUSETTS 01803

DECEMBER 1976

FINAL REPORT APRIL 1975 - JUNE 1976 JUN 10 1911

I Approved for public release; distribution unlimited 1

C-,
/ u_i AIR FORCE FLIGHT DYNAMICS LABORATORY

_i AIR FORCE WRIGHT AERONAUTICAL LABORATORIES

~ = AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433



NOTICE

When Government drawings, specif ications, or other data are used f or any purpose
other than in connection with a def iiu tel y related Government procure ment opera tion ,
the United States Government thereby incurs no responsi bility nor any obligation
whatsoever; and the f ac t  tha t the government may have f ormulated , f urnished, or in
any way suppl ied the said drawings, specif ications, or other data , is not to be
regarded by implication or otherwise as in any manner licensing the holder or any
other person or corporation , or conveying any rights or perm ission to manuf acture ,
use, or sel l any patented invention that may in any way be related thereto .

This report has been reviewed by the Information Office (01) and is releasable
to the National Technical Information Services (NTIS). At NTIS, it will be avail-
able to the General Public, including foreign nations.

This technical report has been reviewed and is approved for publication.

RONALD 0. ANDERSON , Chief
Systems Dynamics Branch

FOR THE COMMANDER

• 

________
Y . LEY , Lt Col, U

Chief, Flight Control Division

¶ : /

H .

Copies of this report should not be returne d unless return it r.quir.d by s.curity
considerations , contractual obligations , or notice on a sp .cif ic docwemit.
A I R FORrF - I~ A P R I L  77 — 350

- . • . s__s_____ ~~~~~~~~~~~~~~~~ - -~~~~



• - .-, ~~~~~~~~~ -~• . _ •—.--- ~~~~~~ ~~~~~~~~~~~~~~~ —-~~~r’

U n c l a s s i f i e d
SECURITY C SI FICATIO PI OF THIS PAGE (W7,an b.ta Enfar.d) 

___________________________________

~~D,s~~-r , i,- A -r I t%~J DAf ’ ~~ 
READ INSTR UCTI ONS

C LI~~tJl~~ I u ’j ~~vmLr~ 5 ~~ I J~~~fl •J~~ BEFORE COMPLETING FORM( M~~~~~~~~ 2 GOVT ACCESSION NO PIENT S CATALOG NUMBER

AFFDL R-76—i24—~ oL a —2 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

._ t._~~4TL~~ ( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ TYPE OF R RT 6 PERIOD COVERED

~~~~~~~~ 

- 7~~aI Re”~
’i, _____Pilot Modeling for Manned Simulotion.X~~)ume ~~ j~ ir *~T— FeL~~~i- ~~76

Program PIREP User Manual,
7 AUT HOR(.I / _$AM~ R*~ ° )

Doyle ,K.M. and Hoffman ,W. C. 
~~~~~~

F3
.~~:

75_C_
~~

69

9. PERFORMING ORGANIZATION NAME AND ADDRESS *0 PROGRAM ELEMENT. PROJECT . TASK
AREA 6 WORK UNIT NUMBERS

Aerospace Systems , Inc. 1 0208One Vine Brook Park
Burlington, MA O~8O3 (16) New

- 
- II. CONTROLLING FF CE NAME AND ADORESS sa . ~~~~~~~~~~~, ~~~~~~~~

~~~
. ~. Air Force F~lig~t Dynomics Laboratory (FGD) (/ 1  Dec~~~~~~Air Force Systems Command ‘~.......‘ 13~~ NUMB ERO F~~~AGES

Wright—Patterson AFB , Ohio 45433 49
14. MONITORING AGENCY NAME & AODRESS(II diU.,,mI Irom ConftoUffiQ Oil Ic.) IS. SECURITY CLASS. (of this repo,t)

;~~ 
Unclassified

a IS.. Dt CLA SS* F)CAT IONIOOW NGRA D ING

*6. DISTRIBUTION STATEMENT (of hi. R.poa t)

Approved for public release; distribution un!imited .

K \-\c
~~1/~

1, /b~y/~17. DISTRIBUTION STAT EME W.467 ih. .bafta ci ..,lat.d In Bleok 20, II d if f . , .nl Ira., .p. ,t)

~~~~~~

IS. SUPPLEME RY NOTES

IS. KEY WORDS (Conilnu. on ,.v. ,.. .Id. if n.c..a.,~. wd id.nflfy by block numb.r)

Pilot Model
Computer Program
Optimal Control Theory

• Manned Simulation
20. BSTRA çT (Continua on ,.va... aid. U n.c .. donUt by block nu.,b r)

— 

~ digital computer program (Pl~t~
’
~ias seen developed to implement the extended

optimal control pilot model discussed in Volume I. The user manual describes the
program organization , presents the input formats and program options , provides
general comments to assist the user , and presents results for a sample run. The

• program is written entirely in FORTRA N IV, for operation on the Wright-.
Patterson computer facility.

1 J A N 73 ~~~~~ ~
1

t DITIOM OF I NOV 65 IS OBSOLETE Unclassifi ed
SECURITY CLA S SIFICATION OF THIS PAGE (54h.n Data KnI.~.d)



- . —.~~~-~~~--- ~~~
•-- - _______

FOREWORD

This report was prepared by Aerospace Systems , Inc. (ASI), Burlington ,

Massachusetts, for the Air Force Systems Command under Contract No. F3361 5-75—C-

3069. Volume I of the report documents the results of research performed during the

period April 1975 to February ~976. This monual is Volume II of the final report , and

has been separately bound for the program user’s convenience .
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SECTION I

INTRODUCTION

• I n Volume I of this report (Reference 1), on extended pilot model is fon’nu—

lated to predict closed loop pilot behavior in a multi—variable, mult i—loop aircra ft

control task with multiple inputs and outputs. The optimal control model of the human

operator was selected as the foundation for the extended model . The conventional

optimal control pilot model was extended to incorporate effects of scanning and

attention allocation, motion cues sensea by the vestibular system, and VMC/IMC

(Visual Meteorological Conditions/Instrument Meteorological Conditions) cues.

A digital computer program (Program PIREP) has been dev’~oped to imple—

ment the extended optimal control model of the pilot. Volume II, the user ’s guide for

Program PIREP, has been written as a separate volume for the convenience of the user.

Program PIREP can be a useful tool to improve simulation analysis and planning, in-

crease simulation efficiency, and lower simulator operating costs . Also, aircraft

display and control system design, which depends heavily on pilot models, can

benefit from this program

This document describes the structure and utilization of the program. The

ana lytical formulation of the optimal control model of the pilot and guidelines for

specifying the important model parameters to represent a particular simulation situation

are contained in Volum e I of the report.
a

PIREP is written entirely in FORTRAN—IV for operation on the CDC—6600

digital computer at Wright—Patterson Air Force Bose. Slightly modified versions have

been run on the PDP-1 1 computer . The program was developed with a highly modular

structure for ease of program checkout, to simplify the user’s understanding of the

program, and to facilitate any modifications which might be required for future

app lications.



Sections 2 and 3 of this manual illustrate programming details of the simulation:

functions of the various subroutines, external references, and common storage. The

usage of the program is presented in Sections 4 and 5 , which describe hardware

requirements , inputs , and program operation . Finally, a sample run is included to

illustrate the application of PIREP to a typical simulation situation (the low visibility

approach scenario described in Section 5.2 of Volume I).

S

.1•

L 2
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p SECTION II

PROGRAM DESCRIPTION

The following discuss ion provides the user with an understanding of the

organization and general operation of Program PIREP. Brief abstracts of each program

are presented in Table 1. Table 2 summarizes all external references in PIREP , exciud-

• ing system library routines.

The program incorporates a package of numerical analysis routines

developed by Kleinman for linear multivariable systems studies (Reference 2). Those

• routines indicated by an aster isk in Table 1 are part of this package but are not

required for the present version of PIREP.

.
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Table 1. PIREP Program Abstracts .

• PIREP Main Program . Reads input data; initializes and controls analyses in
accordance with selected options; performs iterations on observation

• - .  and motor noise variances and attention allocation; governs RMS and
cost outputs.

SYSMAT Used (optionally) to input system matrices and cost functional weight-
ings in formatted data fie ld structure .

FDREP Performs frequency domain ana lyses and governs associated printout;
requires additional input data.

PRTHDG Prints page heading .

GLINEQ Solves generalized linear matrix equation XA 1 + A2X + C = 0; an
error diagnosis is given if convergence does not occur in 30 iterations .

NT-I

DINTEG* Computes symmetric sum S = ~~~~ A 1CA ’ .
i=0

DSCRT* Computes matrices EA eM, EAINT =J e~~ ~~ for “small” ~; used

in discretizing a continuous linear system .

MAT2 Forms matrix product Z = XY’ in cases where product Z s symmetric.
5 MAT2A Forms matrix product Z = X ’Y in cases where product Z is symmetric .

MAT 3 Forms symmetric matrix product Z = XYX’ where V is symmetric.

MAT3A Forms symmetric matrix product Z = X’YX where V is symmetric.

MADD1 Adds two matrices Z = X + Cl * V , where Cl is a scalar .

TRANS1 Takes transpose of a square matrix A , AT A’ ; both A and AT can
share the same storage location .

TRANS2* Takes transpose of matrix A , AT A’ ; A and AT cannot share the
same storage locations.

EQUATE Sets matrix A equal to a matrix B , A = B; can be used for matrix
partitions.

IDNT Sets up a diagonal matrix A , A = dog (Ci).

DIAG Sets up matrix A where A = Cl * B + C2 * ~ , where I is the identity

• matrix.

4 



Table 1. PIREP Program Abstracts (Continued).

• FACTOR Computes a symmetric factor zation of a positive semi—definite
- •

. 
matrix , A = U’U; also outputs rank of input matrix A.

VMAT1 Multi plies a given vector by a matrix , V AX , where X is a vector.

VMAT2* Computes the vector—matrix product sum , Y = Z + AX , where X is a
vector.

VMAT3* Computes the vector—matrix product sum , Z =AX + BY, where X and
Y are vectors.

VADD Increments a given vector A by a second vector , A = A + Cl * B.

XNORM Computes and returns an approximation (but not a bound) to the
spectral radius of a square matrix A.

TRACE Computes the trace of a square matrix.

CCMUL Forms comp lex product of two comp lex matrices.

RCMUL Forms the complex product of a real and a complex matrix , Z = XY ,
X real .

• CRMUL Forms the comp lex product of a complex and real matrix , Z = XY ,
X comp lex .

VECTIO Used to read in and/or print and punch a floating point one-
dimensional array .

EIGEN Used to find the eigenvalues of a real matrix.

REDCT Performs a Householder Reduction via an orthogonal transformation .

• DOT Computes inner product between two linear arrays.

DOT2 Computes a modified dot product between two linear arrays; usefu l
for computing the dot product between two rows of a matrix.

DOT3 Computes the dot product between array A stored as a row vector and
array B stored as a column vector .

MATIO Used to read in and/or print and punch (one row at a time) a floating
point two dimensional array .

-
• MRIC Solves the matrix quadratic equation A’X + XA + Q — XSX = 0;

0 and S are positive semi-definite symmetric matrices. Three
possible error diagnostic message outputs: nonconvergence , instability,
and non—positive definiteness . 

~~~~~~~~~~~~~~~~~~~~~ • • • •~~~~~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~ -—- -~~~~~~~~~~~~~



Table 1. PIREP Program Abstracts (Continued).

* 
. . ATNEXP Computes the matrix exponential , EA = e , using a Chebyshev

polynomial approximation .

INTEG Performs the integration

-
• S 

J 
eAT CeA’

T dT

where C is a symmetric matrix.

GMINV Computes inverse of matrix A; if A is singular or not square , GMINV
computes the Penrose generalized inverse .

CMINV Computes inverse of a square comp lex matrix.

MLINEQ Solves the linear matrix equation 0 = A’X + XA + C, where A is a
square matrix having eigenva lues with negative real parts , and C is
a symmetr ic matrix.

MAT1A* Forms the matrix product Z = XY , where arrays Z and V can start at
equivalent core locations .

MAT5 Forms the matrix product Z = XV’; a sparseness test is done on Y.

MAT5A Forms the matrix product Z = X’Y; a sparseness test is done on V.

SCALE Sets a matrix A equal to a matrix B and scales, A = Cl * B.

MAT4* Forms the matrix product Z = XV’.

MAT4A* Forms the matrix product Z = XV.

MMUL Forms the matrix product Z = XV ; a sparseness test is performed on X.

VSCALE Equates a vector A to a vector B and scales , A = Cl * B.

MAIl * Forms the straightforward matrix product Z = XV; generally more
accurate than MMUL through its use of DOT3.

MAT6* Forms the matrix product Z = XY’ in cases where the result Z is
symmetric; a sparseness test is performed on V.

VADD1 Increments a given row vector A by a second row vector B; useful
for adding a scaled row of a matrix to a second row.

XGAIN Computes the steady-state feedback control gain matrix for the
optimal human operator.
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Table 1. PIRE P Program Abstracts (Concluded).

REGAIN Computes the describing function goin for the observation thresholds.

CHARCO* Obtains the coefficients of the characteristic polynomia l of a square
matrix , A , i.e.,

N+l
- 

• ~~ C.A ’~~ =0=1

GRAD Calculates the gradient vector of the performance cost with respect
to the observation at~ention allocations.

NEWP T Determines the projected cost gradient and selects a revised attention
allocation (for attention optimization option).

MONITR* Determines monitoring attention and performance .

CDIV* Divides the complex scalor AR + iAl by BR + iBI .

EGVEC* Computes eigenvectors of a matrix A reduced to upper Block
Triangular (Schur) form .

DRIC* Solves the matrix equation X = A’X (I + SXI
1 A + 0 that arises in

the study of optimal discrete systems. A is a square transition matrix ,
0 and S are positive semi -definite symmetr ic matrices.

KFILTR* Solves the matrix equation X = A [  X - XH’ (R + HXH’Y 1 HXI A ’ + 0
that arises when designing a Kalman filter for a linear discrete system

• w ith observations y = HX , measurement noise covoriance matrix R,
and system driving noise covariance matrix 0. A is the system
transition matrix; this s4broutine is similar to DRIC with the equiva-
lences A—’A’ , S—~H’R~~H, Q—’Q.

XMAG Computes squared magnitude of comp lex variable.

BLOG Converts a variable to decibels.

GATIO* Reads in selected non -zero elements of a matrix in an i, j , a.. format;
also prints out matrix and punches deck compatible for subsec~iient
read.

AXPTA* Solves linear matrix equation A’X + XA + C = 0, where A is a
matrix having eigenvalues w ith negative real parts, C is a symmetric
matrix ; a modified Bartel and Stewart algorithm is used.

DOOLIT* Computes an LU decomposition of matrix A using partial pivoting;
r solves the vector equation , Ax = b.

SWAP Swaps either two rows or two columns of a matrix.



- 
~~~~

-
~~• -

WIONX .
oYwx

NIVOX
31Y)SA K

• .tJYWA
• .~i’fWA

UW4A
OIID)A .~~ ,

LOOVA .
GOVA , .

.~SNY31

ISNYLI1 . . . .. .
~~WSA~

• dYMS
31YDS ,

NIYD3~ •
K

lnw D8

OGH1~4 K K K K  K K  K K K

J4M 3 N K

~ I3w . . K

.3IINOW
• 1flWW . ., . x x  ~~~~~ K K ~ K

O Nflw . K K •
.dx~w
011’vW
.9IYW
vcrvw . K ,

j ciyw , ,

•Y,i,vw
v

• vejyw K K

~~ tlVW x . , . •
• VCIYW K • • ~ ~ K K

~~ tLYW K IC IC K K X

as vtj vw
0_ 

_________ ________________________________________________________________ __________________________________

I GOYW K K 
— 

• K K K

A. .~11Id)*
031N1 K

INGI ,

~~ .4N~~O

AMMO . K K K ~~~x

03N110 
-

.o ILYO
43504

SOIDY4 K K K

ajYfl O • K .  K K K K K K K~~~

N3OI K K

.)3A0

.IELS
.DIS

K • I C  K K IC

710 K K K K

10 IC K . K K K K

K

_•____•
~~~ I0 . . ~~~~~

•— 
‘ K

•IflwSD
ANIWD K

.ODSV~O
.A*0) K

1flW~~)

0011
.YI4XY

— ~~O .  
~ .(~~~-~~~ O 0 . 

IC 

~~~~~ 
.
~~~

~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ . ~~~~~~±-- •_ - • . • •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~ ._ _•.•.___Kq_..__~-•—,_.__ ~‘ 
- _ “

~ -‘ -_.~~~ - - -r

SECTION III

COMMON STORAGE

In keeping with the modularity goal of PIREP , most related FORTRAN variables

used by more than one subroutine are organized into a number of common blocks.

Table 3 illustrates this organization , and Table 4 gives the contents and lengths (in

decimal) of each common block .

•

9

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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Table 3. PIREP Common Block Organization.

I•-
— C~

) U) .- w ~~

~ 0 0 . 0. 0. - <  < Q  ~-
_ _ _ _  ~

PIREP x x x x x x x x x x x x x X

SYSMAT x x x x
FDREP x x x x x x x x x x X

PRTH DG
GLINEQ x
DINTEG*
DSCRT*
MAT2
MAT2A
MADD1
TRANS1
TRANS2*
EQUATE x
IDNT
DIAG
FACTOR x x
VMAT3* x
XNORM
TRACE x
CCMUL
RCMUL x
CRMUL x
VECT IO x
EIGEN x
REDCT x
DOT2 x
DOT3
MATIO x x
MRIC x x x
MEXP* x
INTEG

- • GMINV x
CMINJV x
MLINE Q x
MAT IA*
MAT5

• MAT5A
SCAL E x
MAT4* x
MAT4A*
MMUL
MAT1* x
MAT6*
VADD 1
REGAIN x x x x
GRAD x x x x x x x x x x
NIEWPT x x
MONITR* x x x x x x x x x x
CDIV*

Ii, EGVEC* x
~~ DRIC* x x x

KFILTR1 x x
GATIO1 x x
AXPTA* x



1

Table 4. Common Block Contents and Lengths.

BDUM (9) LA LB LC LD LE
LQX LQV LQU LQR

FDREP1 (800) U (400) V (400)

FDREP3 (800) W (400) X (400)

FDREP5 (800) V (400) Z (400)

INOU (3) KIN KOUT KPUNCH

INPTX (404) N NX NXI NU A (400)

INPIW (201) NW E (200)

INPTY (401) NV C (400)

• KPLOT(19) NV NH NCPW LW XL
XH VL XH NXES NDIR
1ST NGLV NGLH BSYM GSVM
PSYM N D IN 1  ND IN2 NUPLTO

MAIN1 (402) NDIM NDIM1 COM1 (400)

MAIN2 (400) COM2 (400)

NOISE (490) VUO (30) V40 (30) WO (30) EG (400)

• PHEA D (11) TITLE (8) DAY N PAGE L I N E

RATIOS (1182) IDENTU IDENTV PU (30) VU (30) PV (30)
VY (30) TH (30) GTH (30) EE (1000)

RMS (520) XRMS (30) YRMS (30) URMS (30) UDRMS (30) PC (400)

TIMES (40*) T 11 12 TIll EA (400)

WEIGHT (490) QX (30) QY (30) QR (30) CG (400)

11
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SECTION IV
I 

HARDWARE REQUIREMENTS

F . The complete version of Program PIREP requires approximately 107,0008 U
(36,40010)words of core to load and execute on the CDC 6600 computer . By deleting

those routines not used by the AFFDL version of PIREP (i.e., those routines which

were indicated by an asterisk in Table 1), this requirement can be reduced to about

75,000s (31 ,30010) words . Table 5 summarizes the core requirements for the

individual elements of PIREP , using the OPT = 1 option with the CDC 6600 Fortran

Extended Compiler . Also shown is the approximate space needed for the library

• routines and system overhead . — I

The logical unit assignments for Program PIREP input/output operations are

shown in Table 6.

I- :

.

I

L _ _ 
_ _ _ _ _ _ _



Table 5. PIREP Core Requirements.

- 
•

. 
LENGTH LENGTH

ROUTINE OCTAL DECIMAL ROUTINE OCTAL DECIMAL
-

- I PIREP 4622 2450 MEXP * 270 184
SYSMAT 161 113 INTEG 347 231

;~ FDREP 2214 1 164 GMINV 637 415
PRTHDG 33 27 CMINV 530 344

• GLINEQ 605 389 MLINEQ 473 315
• DINTEG* 103 67 MATIA * 220 144

DSCRT* 206 134 MAT5 137 95
MAT2 103 67 MAT5A 125 85
MAT2A 104 68 SCALE 57 47
MAT3 43 35 MAT4* 65 53
MAT3A 43 35 MAT4A* 71 57
MADD1 125 85 MMUL 124 84
TRANS1 53 43 VSCALE 36 30
TRANS2* 56 46 MAT1* 66 54
EQUATE 54 44 MAT6* 146 102
IDNT 52 42 VADD1 21 17
DIAG 113 75 XGAIN 150 104

* 
FACTOR 443 291 REGAIN 250 168
VMAT 1 46 38 CHARCO* 155 109
VMAT2* 51 41 GRAD 536 350
VMAT3* 62 50 NEWPT 606 390
VADD 21 17 MONITR* 1,263 691
XNORM 112 74 CDIV* 63 51
TRACE 30 24 EGVEC* 664 436
CCMUL 104 68 DRIC* 1,051 553
RCMUL 100 64 KFILTR* 1,215 653
CRMUL 100 64 XMAG 13 11
VECTIO 104 68 BLOG 26 22
EIGEN 654 428 GRANF* 27 23

• REDCT 402 25 RANF * 21 17
DOT 32 26 GATIO* 303 195
DOT2 33 27 AXPTA* 1,231 665
DOT3 37 31 DOOLIT* 514 332

• MATIO 203 131 SWAP* 25 21
MRIC 771 33,120 13,904

BLOCK COMMON 16,250 7,336

SYSTEM/LIBRARY OVERHEAD -~35,400 — 15,200

TOTAL —107,000 —36,400

L



Table 6. Logica l Unit Assignments .

Corresponding
Logical Unit FORTRAN Variable Remarks

or Logical Unit
Number

Combination of namelist and formatted
Card Reader KIN data field input; Logical Unit Number

(5) assigned in PIREP and passed through
Common Block INOU.

Standard printout. Logical Unit Num—
in er (6) ber assigned in PIREP and passed through

INOU.

Punch K PUNCH Standard card punch; passed through

Magnetic Tape 7 Read/write tape used if pr intout of
• optimum gains option is designed.

.

14 
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SECTION V

PIREP IN PUTS AND OPERATION

There are two different ways that PIREP can be exercised:

Option 1: Control Gain Computations only. This invo lves computing optimal feedback -

gains for various choices of cost functional weightings . It is used to get a
lIfeel “ for c losed—loop system dynamics , pole locations , etc., and to se lect
a nominal set of weightings for subsequent analysis.

Option 2: Full Steady—State Analysis. This is the malor use of PIREP and involves
computing c losed—loop RMS responses via the feedback system consisting of
Kalman fi lter , predictor and feedback gains. Frequency domain measures
ore also available as outputs .

The input cards/data required by each of these options are described subse-

quently. In general , the input consists of a title card (alphanumeric) , followed by

standard Fortran Namelist input cards. The Nomelist data is a free—format input , using

• all but column 1 of the data card , and can be continued from card to cord with data

elements separated by a comma . The Name list begins with $PIRDAT and concludes

• with the next subsequent $. The program is organized so that multiple runs are possible.

On any run one can change any or all of the basic input parameters .

5. 1 TITLE CARD

80 columns of alphanumeric data which will be printed as a header for each 1
page of output.

5.2 OPTION 1: GAIN COMPUTATIONS ONLY

Three classes of input data are required as follows:

15
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5.2.1 CLASS 1: INITIALIZATION

• Control Switch

K T R G = ± l

If KTRG = +1, PIREP reads all input data in Namelist form . If
• KTRG = —1 , PIREP will call a user—furnished subroutine SYSMAT to
• generate the Class 2 , System Dynamics input data . SYSMAT reads

formatted input data which appears after the Namelist input data .

• • Dimension Information:

NX = total number of states > 0

NX1 = number of noise—shap ing states > 0
(These must be the first states inihe A matrix.)

NU = number of controls> 0

NW = number of input driving noises > 0

NV = number of disp layed outputs > 0

• Constraints:

NX + NU<20

N W < 4

N Y + N 4 U < 2 0

5.2.2 CLASS 2: SYSTEM DYNAMICS

There are 4 possible sets of class 2 input data corresponding to the 4 parameter

matrices A, B, C, D. It is necessary to input only those matrices that are to be changed.

Otherwise, the most recent values are retained . Thus, the first time a problem is run, all

matrices should be input for initialization. If KTRG = —1 , these inputs ore. obtained

from a user—provided subroutine entitled SYSMAT .

Matrix Dimensions

A (NX, NX)

B (NX, NIJ)

C (NY, NX)

D (NY, NU)

16



5.2.3 CLASS 3: COST FUNCTIONAL WEIGHTINGS

• T here are 4 possible sets of Class 3 inputs corresponding to the 4 sets of
• cost weightings QX, QY, QU , and QR. It is necessary to input only those sets of

weightings that one wishes to change . Unchanged items retain their most recent values.

T he first time a problem is run, al l weightings should be input. Also no element of QR
~

• may be zero .

• Vector Dimensions

QX NX
QY NY
QU NU

QR NU

5.2 .4 EXAMPLE DATA DECK FOR PIREP - OPTION 1

TEST CASE FOR K/S DYNAMICS - OPTION 1 QR = 1

$PIRDAT KTRG = 1, NX = 2, NX 1 = 1, NU 1, NW 1,

NY = 1, A(l ,l) = —2.0 , 1.0, A(l ,2) = 2* 0.0 ,

B (l ,1) = 0., 1., C(2 ,1) = 1.0, C(1,2) = 1.0,

D(2,1) = 1.0, E( l ,l) = 1.0,

QX( l)  = 2*0., QY(1) = 1.0, 0.0,

• QU(l) = 0., QR(l) = 1.0 $
.

TEST CASE FOR K/S DYNAMICS - OPTION 1 QR = .04

$NAM 1 QR( l )  = 0.04 $

TEST CASE FOR K/S DYNAMICS - OPTION 1 QR = .0004
$NAM 1 QR(l) = 0.0004 $

(End of Fi le Card)

17
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1 5.3 OPTION 2: STEADY STAT E ANALYSIS

There are ten classes of input data associated with Option 2. The first nine

are necessary; the remain ing one is optional and is called using only break point fea—

tures as explained below . -

L 
5.3.1 CLASS 1: INITIALIZATION

• • Control Switches:

KTRG = ± 2

- 
- 

If KTRG -2, the System Dynamics matrices (Class 2) will be generated
• by the user —provided subroutine SYSMAT . Otherwise the matrix entries

are read in Namelist form .

• I CODE = 1, .. .10 (except first run)

ICODE can be used on second and subsequent runs to cause program
transfer to any input class 1 — 10. This allows intermediate data and
calculations to be bypassed .

* 5.3.2 CLASS 2: SYSTEM DYNAMICS

These cards are nearly identical in form to those described in Section 5.2.2,

with addition of the Matrix E which has dimensions NX by NW. However, for sub-

sequent analysis, the C and D matrices should have the outputs grouped in position

ve locity pairs (e.g.,y 1 h, y2 
r h , y3~~~, y4~~~, etc) . If KTRG =—2 in Class 1 ,

the 5 matrices A, B, C, D, E are assumed to be generated by the user-provided

subroutine SYSMAT .

• 5.3.3 CLASS 3: COST FUNCTIONAL WEIGHTINGS

These inputs are identical to those described in Section 2.3 for reading in

L 

the cost weightings QX, QY, QU, QR. However, in Option 2, the user has the

choice of indicating whether the control gains are to be computed optimall y according

to the supplied set of weightings, or to be read as input.

18
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IDENTW: Indicates whether gains are to be computed or read—i n
= 0 (for gains computation) , or

= 1 (for external read—in of gains)

If  the gains are being computed by the program (lDENTW~r 0) no further

input need be supplied for Class 3. The resulting gains LOPT will be printed along

with the time—constant matrix TN.

The gain matrix LOPT and the time constant matrix TN may be read as input

if IDE NTW = 1. This is a usefu l feature if the gains have been computed previously,

since the solution of a Riccati Equation is bypassed. In this case, the NU by NX gain

matrix LOPT and the NU by NU time constant matrix TN are entered via Namelist

PIRDAT. No further input is required for Class 3 once LOPT and TN have been read.

5.3.4 CLASS 4: CONTROLLER TIME DELAY

* T = controller time delay in seconds

5.3.5 CLASS 5: PROCESS OR DRIVING NOISE (NW VALUES)

WO = variances of process or driving noise sources

.. 5.3.6 CLASS 6: ADDITIVE MOTOR NOISE (NU VALUES)

VU = variances of additive motor noises

5.3.7 CLASS 7: OBSERVATiONAL THRESHOLDS (NV VALUES)

TH = indifference thresholds for observations

5.3.8 CLASS 8 OBSERVATION NOISE

IDENTY = 
I — indicates observation noise is additive
2 — indicates observation noise is multi plicative

-

• 
19
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The remaining Class 8 data depends on the selected value of IDENTY . if

IDENTY = 1:

VV = covariance of additive observation noises (NY values)

If IDENTY = 2 (the more common case) , additional inputs are possible:

VY = multi plicative observation noise ratios in dB (NY values) . 
-

I D E N T P  = 0 — initial values of noise covariances are zero
1 — initial values of noise covariances are input as PYO

PYO = initial conditions on the multi plicative observation noise
covariances for the iteration on variance adjustments (NY
va lues) . These can be zero , but reasonable initial guesses
(e .g. the square of the respective threshold levels) will
reduce computation time.

5.3 .9 CLASS 9: ATTENTION ALLOCATION FOR CONTROL (NY VALUES)

0 — indicates fractional attentions are to be those
actua lly input , wit h no further optimization .

1 — to optimize attention a llocations treating each
I D E N TA = output as independent , while constraining the

tota l attention to be constant .
2 — to optimize attention allocations treating the

outputs in dependent position —velocity pairs .
• The total attention is held constant .

ATTN = initial attention allocation among disp lay outputs
(NY va lues)

GAMC = 0 or I (NY values) to indicate whether the corresponding
observation is to be considered in the attention allocation
optimization . Not applicable if IDENTA = 0.

If one of the optimization triggers (IDENTA = 1 or 2) are selected , the

input attention allocations are used as initial conditions for the optimization algorithms.

A ll subsequent iterations generated by the program maintain constant total attentional

a llocation as determined by the input data . If  IDENTA 2 , outputs wi ll be

paired to have the same attentional allocation , since both position and ve locity are

being obtained simultaneousl y from a sing le disp lay indicator .

20
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All of the above nine classes of input data are required by PIREP for operation .

Upon reading the data of Class 9, the steady—state closed—loop RMS measures are corn—

• puted along with cost gradients and optimal attentional allocation (if specified) . After

completing the various computations initiated by Class 9, PIREP returns to read in

another title card and the Namelist PIRDAT. An end-of-file will terminate the job , or

the Class I input switch (CODE can be read in to cause program transfer to any input

Class 1—10. Besides transferring back to any of the above points 1-9 for purposes of

changing input parameter values , a tenth class of input is available as described below.

The optional class is triggered only by user request, and only on the second or subsequent

occurrences of Namelist PIRDAT .

5.3.10 CLASS 10: FREQUENCY DOMAIN REPRESENTATION

If ICODE = 10 in Namelist PIRDAT , the program will perform a frequency
• domain analysis using subroutine FDREP. In this case an additional Namelist FRQDAT

must be provided with the following data .

A. Describing function parameters.

Various frequency domain representat ions can be computed for a man-

machine system. Each of these characterizes some aspect of the overall

• mode ling problem , and FDREP produces outputs for the different options
according to the value assigned to JX .

JX = 1 — Internal describing function , I..:

The component lij is the human transfer function between the
disp layed quantity y1 and vehicle input (i.e., human output)
u~. This transfer function treats each output independently,
i.e., at an information level , and does not consider the
simu ltaneous perception of indicator position and rate .

21 
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JX = 2 — Multiple describing function , Miik:

These are transfers between a given output y. plus its derivative
Yk = y. and the human ’ s control input u~ 

I These quantities
• are app~opriate when one wants the transfer between a given

physica lly di splayed quantity and the control . For outputs
ordered in position/velocity pairs , k = j + 1.

JX = 3 — Equivalent describing function , E;1k:

These transfer functions are defined , re lative to a given input
disturbance , w~, as the ratio of the transfer function betweeninput u~ and noise w

~ to the transfer function between outputyj and noise w~.

JX = 4 — Vehicle describing function , V~1:

This is the transfer function between input u; and outputy1 for
the vehicle being controlled . Outputs are treated independently,
ignoring any position—’~elocity pair relationsh ips, as this is not
appropriate to the vehicle dynamics.

JX = 5 — Composite describing function , C1k:

For single indicator/display systems this describing function is• equal to the single—axis V Y~ found in the ear ly man —machine
literature . For muIti—loo~Fsystems it is equivalent to an
“outer —loop” describing function . In the closed-loop system we
open the loop on a given indicator containing position information
y. and rate information yk = 

~~~~~~ 
The main use of Cik is to

d~termine the phase and gain margin of the given loop c losure .

JX = 0 — Bypass descr ibing function computations.

MU control index in describing function (set to zero if JX = 5)

MY1 = first output index in describing function

MY2 = second output index in describing function . Set to zero if JX = 1 , 3
or 4or if the derivative of output MY1 is not an output.

MW = driving noise index for use in equivalent describing function .
Assumed to be 1 if not supp lied .

B. Spectrum Parameters

1 — State spectrum

is = 2 — Output spectrum
3 — Control spectrum
0 — Bypass spectrum computations

~
‘ MS index for spectrum

22 
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Spectr a outputs, if requested , present the total power (in dB)
correlated parts for each of the NW driving noises, and the
uncorrelated port or remnant.

C. Specification of Discrete Frequencies

F = Discrete Frequencies for computations in Hertz (16 values)

This is used only to chançie the ex isting set of frequencies . F(1) and
F(16) must be the smallest and largest frequencies , respective ly. If
less than 16 frequencies are desired , leave some of the middle fields
blank . The default frequencies are: .06, .13 , .25, .5, 1 , 1.5, 2,
2.8 ,4,5.7 ,8, 11 , 16 ,22 ,32 ,40Hz.

Note that a single “call ” to Subroutine FDREP con generate at most one

describing function and one spectrum . If one wishes several describing functions and/or

several spectra, several successive Class 10 transfers are necessary. After performing

the Class 10 request , the program expects a new tit le card and Namelist PIRDAT , and

the cyc le repeats. To terminate the job read an end-of—file card .

5.3. 11 EXAMPLE DATA DECK FOR PIREP — OPTION 2

TEST CASE FOR K/S DYNAMICS - OPTION 2. RMS PERFORMANCE.

$PIRDAT KTRG = 2, NX 2, NX1 = 1, NU = 1, NW = 1, NY = 1,

A(1,1) = —2. 0, 1.0, A(1,2) = 2*0.0,

B(1 ,1) = 0., 1., C(2, 1) = 1.0, C(1 ,2) = 1.0,

D(2,1) 1.0, E(1 ,1) = 1.0,

QY(1) = 1 .0, 0.0, QX( 1) = 2*0.,

QU(1) = 0., QR(1) = .0004,

IDEN1W 0, 1 = 0.2,

W0( I) = 4.0, VU( 1) = 0.02,

TH( 1) = 2*0.0,

VY( 1) = 2* _20., VYA(1) = 2*0.,

IDENTA = 0,

ATTN(1) = 2*1.0, PYO( 1 ) = 2*1.0 $

23
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• TEST CASE FOR K/S DYNAMICS - OPTION 2. EQUIV. D.F. & OUTPUT SPECTRUM .

$PIRDAT ICODE = 10 $
$FRQDAT JX =3, MU= 1 , MY 1=1 , MY2=0, MW= 1 ,

JS =2, MS= 1 $

TEST CASE FOR K/S DYNAMICS - OPTION 2. COMPOSITE D.F. & CONTROL SPECTRUM.

$PIRDAT ICODE = 10 $

$FRQ DAT ix = 5, MU = 0, MY1 = 1, MY2 = 2, MW = I,

JS =3 , M S = 1  $

(End-of—Fi le)

..

.
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SECTION VI

SUGGESTIONS AND COMMENTS

- • This section contains several suggestions and comments to assist the user in

running the program and in understanding and interpreting the results. Guidelines for
- • specifying the model parameters to represent a given simulation situation are described

in Volume I and will not be repeated here.

The execution time required for the program can vary greatly depending

upon the complexity of the system and the desired outputs. The number of states,

controls , and display outputs should be kept as small as possible to reasonably

represent the situation under evaluation . For this reason it is often desirable to

decouple the longitudinal and lateral motions of the aircraft . Requesting the program

to optimize the attention allocation will also increase the running time by a sub-

stantial margin if the initial attention guesses are far from the optimum values .

Likewise, requesting frequency response outputs will also increase the execution time ,

although this is a relatively modest increase . The user can often reduce the execution

time by specifying initial conditions on the multiplicative observation noise covariances

as ment ioned in Section 5.3.8. Usually, reasonable initial values are the squares of

the respective observational noise thresholds. To illustrate the order of magnitude of

the execution time the sample run presented in Section 7 required 127 seconds of

central processor time.

One use for the program will be to show the differences in pilot performance

with and without motion . This can be most readily accomplished by proper ordering of

the system states and the observations. The motion system dynamics and vestibular

- 
• dynamics should be made the last states in the system equations and the vestibular

• inputs should similarly be placed at the end of the observation vector. Then by

merely changing the dimension indices NX and NY (Section 5.2.1), the motion

25
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effects and corresponding vestibular inputs can be neglected . Changing the motion

system dynamics will require adjustments to the appropriate elements of the matrices

- -

• A and B. If a large number of variations is desired, this con best be accomplished by

setting KTRG = -1, and providing a user -written subroutine SYSMAT to define the

- • 
system matr ices . (See Section 5.2.1.)

The most common program outputs are the RMS model predictions , which are

illustrated in the sample run in Section 7. The program prints the RMS values of each

of the state elements and each of the observations. The actual observation noise and

its effective value (adjusted for fraction of attention) are given, along with the noise—

to—signal ratio indB and the fraction of attention in percent. The RMS control and

control-rate inputs are also presented and the associated additive motor noise

(RMS and dB) . The program also prints the estimator gains of the human operator ’s

* Kalman fi lter .

• The system performance is indicated by several metrics. The total cost is

the value of the complete quadratic performance index J (u) , given in Equation B—7

of Volume I. The “scanning ” cost is that portion of the basic cost functional which

depends upon the fraction of attention This is the portion of the total cost that is

minimized to obtain the optimal attention allocation . (See Section B.3 in Volume I.)

Finally the performance cost is that portion of the total cost which neglects the

• contribution of the control and control rate terms; this is the cost that is used to
.

compare overall system performance . The gradient of the cost with respect to the

attention on each observation indicates the relative incrementa l importance of each

instrument; that is , f the pilot has some spare capacity he would allocate it first to

the instrument with the largest gradient. The gradients also can be used to determine

whether the operator is using an instrument primarily for displacement information or

for rate information.

_ _ _ _  ~~~~ - - - • ~~~~~~- - 
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• 
A number of informative or diagnostic messages may be produced by the

- 
program . These generally are caused by improper program inputs, an ill—conditioned -

• system (e.g. unobservable or uncontrollable states) , or numerical inaccuracies and

computer roundoff . For example , if an observation threshold is very small relative to

the RMS value of the observation , the describing function calculation in subroutine

XGAIN will result in an “argument too smal l” error printed out by the system

exponent routine. If the program output indicates that maximum iterations were

reached in the observation noise calculation or the attention allocation optimization , -

the program can be rerun using the latest values of the observation noise or attention

allocation as initial conditions. Some states may be unobservable or uncontrollable,
such as the disturbance shaping sta tes , and the program will produce an informative

diagnostic that the grammian and/or Ricotti solution are of reduced rank .

L
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I SECTION Vii

SAMPLE RUN - 

-

• •

. 

The samp le case used to ill,jstrate the inputs and outputs of Program PIREP

is the C—135B Low Visibility Approach Simulation discussed in Section 5.2 of Volume I.

Figure 1 shows the input data for the sample run, and Figure 2 presents the resulting

• output listing obtained from a remote terminal.

-I-

.
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* C:(3,E.:i= .0109,12i . ,—1. ,  C :(9 , i • )= .0525,
C: 14,7:i =.o1139,I3. ,— .9997~ 59. 9~:, —.37.54,13k ,  .2525, i::i:1:3, 7 : i :=.21395,

• f: ( 1 3.3 ) =— .21395,
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Figure 1. Sample Run input Data. - •
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PROGRAM PIREP:FAA LOW-VISIBILITY DATA--LONGITUD INAL

NO. OF STATES 18
NOISE SHAPING STATES 4
NO. OF CONTROLS 1
NO. OF NOISE SOURCES 2
NO. OF OUTPUT S 13
KTRC 2

SYSTEM DYNAMICS ARE: XDOT=AX+BU+EW, Y=CX=DU

A MATRIX :

— .2190 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0 0.

a 0. 0.

0. 0. — .5920 0. 0. 0.
0. 0. 0. 0. 0.

• 0. 0. 0. 0. 0.
0. 0.

0. .5920 —1.180 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

0. 3.5500E—03 —7.O800E—03 —1.400 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

3.6320E—02 0. —9.9200E—02 0. —3.6320E—02 0.
9.09220E—02 0. —32.16 —6 .358 0.
0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 2.5000E—02 —1.0000E—06
.9997 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

FigUre 2 

::mT0: 
Output Listing
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.2553 0. .627 4 0. — .2553 0.
— .6274 0. .8068 233.0 0.
0. 0. 0. 0. 0.
0. 0.

-
~~ 0. 0. 0. 0. 0. 0.

3.330 —3.330 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

-~~~~~~ 0. 0. 0. 0. 0. 0. -

• 0. 0. 0. 1.000 0.
0. 0. 0. 0. 0.
0. 0.

— 6 .3 490E—04 7.1980E—04 2.4600E—03 .7167 6.3490E—04 0.
—3 .8990E—03 0. —9.8000E—04 —1.000 0.

0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
1.000 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 2.000 0.

—2 .000 0. 0. 0. 0.
0. 0.

* 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.

• 0. 0 1.000 0. 0.
0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 2.000 0.

—2 .000 —1.8520E—03 —8.8880E—02 0. 0.
0. 0.

• 0. 0. 0. 0. 0. 0. -~
0. 0. 0. —9.3200E—02 .1999

9.3200E—02 0. 0. — .2000 0.
0. 0.

0. 0. 0. 0. 0. 0.
2.0700E—02 —2 .0700E—02 0. — .7708 —5.0200E—03

~7708 0. 0. 0. -.2000

t 

0. 0.

r 

Fi gure 2. Sample Run Output Lis t ing (Cont inued) .
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0. 0. 0. 0. —5.0000E—03 0.
— .1999 0. 0. 0. 0.
0. 0. 0. 0. 0.

—2.000 0.

0. 0. 0. 0. 0. 0.
0. 0. —3.820 0. 0.
0. 0. 0. 0. 0.
6.6700E—02 —6.6700E—02

PROGRAM PIREP:FAA LOW-VISIBILITY DATA--LONGITUDINAL

F

OPEN—LOOP EIGENVALUES :
—3.330 0. J
— .8150 .9365 J
— .8150 — .9365 J
—2 .000 0. J
— .1687E—O1 .1699 J
— . 1687E—O1 — .1699 J
— .2190 0. J
— .2000 0. J
— .6670E—O1 0. J
— .5553E— 01 0. J
— .9998E —06 0. J
— . 3335E—O1 0. J
—2.000 0. J
—1 . 400 0. J
— .5900 .4862E —O 1 J
— .5900 .4862E—01 J
— .2000 0. J
.9721E—12 0. J

• B MATRIX:

0.

0.

0.

0.

k.
Figure 2. Sample Run Output Listing (Continued).
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— .46 86

0.

— 7 . 2 6 9

0.

0.

• — .8928

0.
0.

0.
0.

0.

0.
0.

0.

C MATRIX :

PROGRAM PIREP :FAA LOW—VISIBILITY DATA--LONGITUDINAL

0. 0. 0. 0. 0. 0.
* 0. 0. 57.30 0. 0.

0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 0. 0.
0. 0. 0. 57.30 0.
0. 0. 0. 0. 0.
0. 0.

• 0. 0. 0. 0. 0. 1.0900F.—02
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

Figure 2. Sample Run Output Listing (Continued).
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o. 0. 0. o. o. o.
1.0900E—02 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

- .  

0. 0. 0. 0. 0. —1 .000
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. —2.S000E—O2 0.
— .9997 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 1.500 0.
59.98 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.

a 
15.32 0. 37.64 —1.3980E+O4 —15.32 0.

—37.64 0. 48.41 1.398OE+04 0.
0. 0. 0. 0. 0.
0. 0.

0. 0. 0. 0. 0. 5.2500E—02
0. 0. 57.30 0. 0.
0. 0. 0. 0. 0.

—1.000 1.000

* 0. 0. 0. 0. 3.5500E—03 0.
.2525 0. 3. 820 57.30 0.
0. 0. 0. 0. 0.
2.067 —6.6700E—02

J
0. 0. 0. 0. 0. 0.

0. 0. 0. 1.3900E—02 0.
—1.3900E—02 l.2890E—O5 .3479 0. 0.

0. 0.
•

0. 0. 0. 0. 0. 0.
0. 0. 0. — .9440 2.023
.9440 0. 0. —1.024 0.
0. 0.

0. 0. 0. 0. 0. 0.
.2 095 — .2095 0. — 7 .800 —5 .0800 E—02
7.800 0. 0. 0. —1.024
o. 0.

Figure 2. Sample Run Output Listing (Continued). 
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V D MATRIX :
0.

- 

- .

. 
0.

— —436.1

0.

0.
0.

• 0.

0.

E MATRIX:
1 PROGRAM PIREP:FAA LOW—VISIBILITY DATA--LONGITUDINAL

1.660 0.

0. 1.270

0. 2.190

0. 1.3100E—02

0. 0.

0. 0.

0. 0.

Figure 2. Sample Run Output Listing (Continued).

35

~5~~ 5~S~~~~~~~~~~~~~ 5 —-- - --- _—- -5- —-• — — 5 - -- --



D MA TRIX:

0.

0.
0.

0.
0.

• 0.
0.

—436.1
• 

0.
0.

0.

0.
a 

0.

E MATRIX :

PROGRAM PIREP:FAA LOW-VISIBILITY DATA——LONGITUDINAL

1.660 0.

0. 1.270

0. 2.190
0. 1.3100E—02

•

Figure 2. Sample Run Output Listing (Continued). 
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0. 0.
0. 0.

0. 0.

, 1 0. 0.
0. 0.

0. 2.6600E—03

0. 0.

0. 0.
0. 0.
0. 0.

0. 0.

0. 0.
0. 0.
0. 0.

COST FUNCTIONAL WEIGHTING S
STATE

0. 0. 0. 0. 0. 0.
O 0. 0. 0. 0.

* 0. 0. 0. 0. 0.
0. 0.

OUTPUT

4.0000E—02 .1600 4.000 196.0 4.0000E—O4 2.0000E—02
2.5000E—05 1.1000E—03 6.2500E—02 .2500 0.

* 0. 0.

CONTROL 
-

• 
0.

Figure 2.  Sample Run Output Listing (Continued).
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- 
CT.RATE

50.00
GRAMMIAN 1S15X15 OF RANK 8
RICCATI SOLN IN 12 ITERATIONS

- 

l RICCATI SOLN IS PSD——RANK 9

FEEDBACK CONTROL IS TN.UDOT+U=-LOPT.X, WHERE OPTIMAL GAINS (LOPT) :

- 

- 

—5 .5367E—O3 — 6 .6794E — O4 —1.4294E—02 3.790 5.6961E—03 —4.6334E—04
- 

. - 

1.2194E—O2 —4.5790E—12 — .1897 —5.397 5.0829E— 12
—2 .1380E—08 5.9030E— 10 2.1021E—08 1.2302E—08 6.9238E—10
—8. 5880E—04 —7.  7962E— O4

TN MATRIX :

.1012

EIGENVALUES :
.1012 0.

FEEDBACK CONTROL IS ALSO UDOT=—LX(X)-LU(U) WH ERE 00 PTIMAL GAINS, LX ,L
U:

—5.4694E—02 —6.5983E—03 — .1412 37.44 5.6269E—O2 —4.5771E—O3
.1205 —4 .5233E—11 —1.874 —53.32 5.02l2E—11

* 
—2.1120E—07 5.8312E—O9 2.0766E—O7 1.2153E—10 6.8397E—09
—8.4836E—03 —7 .7O15E—03 9.878

PROGRAM PIREP:FAA LOW-VISIBILITY DATA--LONGITUDINAL

•

Figure 2. Sample Run Output Listing (Continued).
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CLOSED—LOOP EIGENVALUES : J
P —5.595 5.426 J

—5.595 —5 .426 J
—3.330 0. J
—2 .005 0. J
—2.000 0. J

- 
- 

—1.400 0. j

— .5406E—01 .1756 J
— . 5406E—O1 — .1756 J

1 .  — .2190 0. j

— .1163 .2403E—01 J
— .1163 — . 2403E—01 3
— . 7457E—01 0. 3
— . 3335E—O1 0. J
— .5553E—01 0. 3
— .5900 .4862E—01 J
— .5900 — . 4862E—0l 3
— .2000 0. J
— .2000 0. J

.2793E 10 0. J

CONTROLLER TIME DELAY: .200

VAR IANCE OF RANDOM TURBULENCE :

* 1.001’ 1.000

MOTOR NOISE:
(RATIOS IN DB)

—25.00

OBSERVATIONAL THRESHOLDS :

2.000 1.000 .1000 5.0000E—02 20.00 3.000
50.00 7.000 1.000 .2000 .5700
1.5000E—02 1.5000E—02

SENSOR NOISE:
(RATIOS IN DB)

—20.00 —20.00 —20.00 —20.00 —20.00 —20.00
—20.00 —20.00 —20.00 —20.00 —18 .00
—18.00 —18.00

Figure 2. Samp le Run Output Libting (Continued) .
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ATTENT IONAL ALLOCATION :

2.0000E—02 2.0000E—02 2.0000E—02 2.0000E—02 2.0000E—02 2.0000E—02
- 

- 4.5000E—02 4.5000E—02 .3950 .3950 1.000
1.000 1.000

RICCATI SOLN IN 14 ITERATIONS
RICCATI SOLN IS PSD——RANK 17

-~ - ARGUMENT TOO SMALL
ERROR NUMBER 0030 DETECTED BY EXP
CALLED FROM XGAIN AT LINE 16
CALLED FROM PIREP AT LINE 309
RICCATI SOLN IN 13 ITERATIONS
RICCATI SOLN IS PSD——RANK 18
ARGUMENT TOO SMALL
ERROR NUMBER 0030 DETECTED BY EXP
CALLED FROM XGAIN AT LINE 16
CALLED FROM PIREP AT LINE 309
RICCATI SOLN IN 2 ITERATIONS
RICCATI SOLN IS PSD RANK 18
ARGUMENT TOO SMALL
ERROR NUMBER 0030 DETECTED BY EXP
CALLED FROM XGAIN AT LINE 16
CALLED FROM PIREP AT LINE 309

PROGRAM PIREP:FAA LOW—VISIBILITY DATA--LONGITUDINAL

RICCATI SOLN IN 2 ITERATIONS
RICCATI SOLN IS PSD--RANK 17
ARGUMENT TOO SMALL
ERROR NUMBER 0030 DETECTED BY EXP
CALLED FROM XGAIN AT LINE 16
CALLED FROM PIREP AT LINE 309

URNS AND MOTOR NOISE VARIANCE

8.4559E—03

7.1028E—07

7. 1035E—07

Figure 2. Sample Run Output Listing (Continued).
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YRMS AND NOISE VAR IANCE AT ITERATION 4)

.7299 .2820 .1068 l.6624E— 02 9.797 1.508
90 .50 32.96 .7955 .3849 l.3525E—03

- • 2.O560E—02 7.4545E—02

2.2l57E+04 l.2492E+05 .1470 62.52 8.8719E+04 1636.
l.6958E+04 1096. 1.155 3.2361E—02 9.lO59E—O2
9.7038E—05 3.916OE—04

2.2140E+04 1.2495E+05 .1470 62.46 8.8668E+04 1635.
l.6958E+O4 1096. 1.154 3.2364E—02 9.1078E—02
9.7039E—05 3.9l62E—04

* 
ARGUMENT TOO SMALL
ERROR NUMBER 0030 DETECTED BY EXP
CALLED FROM GRAD AT LINE 43
CALLED FROM PIREP AT LINE 366

COST GRADIENT WRTO F :

—7.4693E—07 —i.3267E—06 — .1277 —1.6666E—06 —l.7799E—03 —5.3387E--04
—8.2388E—02 — .1507 —2.0398E—O2 — .4265 —l.2317E—07
—4.2801E—03 — .1375

TOTAL COST, J(U)= 1.838 SAMPLING COST= .9655

OPTIMAL ESTIMATOR GAINS :

PROGRAM PIREP:FAA LOW-VISIBILITY DATA-—LONGITUDINAL

—8.9403E—06 —9.1135E—07 8.4356E—O2 6.2153E—05 —1 .2820E—O5 —2.3715E—04
1.3725E—03 7.1820E—03 —6.3054E—02 —3.168 —5 .7072E—03
—43.83 23.65

4.1072E—07 6.7587E—07 1.1325E—02 3.5044E—O5 —l.7212E—06 —l.2266E—04
7.0989E—O4 —2 .1454E—03 2.1737E—02 3.612 1.6696E—03
—11.05 26.97

4.54O7E—07 1.l66lE—06 7.1253E—O2 8.5161E—O5 —l .0829E—05 —2.9828E—04
1.7262E—03 —3 .4171E—03 7.3073E—02 6.462 2.9516E—03
—20.66 47.49

Figure 2. Sample Run Output Listing (Continued).
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3.6807E—09 5.4754E—09 —1.5119E—04 7.5079E—08 2.2977E—08 —2.6104E—07
l.5107E—06 —3.4765E—05 —4.2936E—05 2.6712E—O2 l.O848E—05
—8.8901E—02 .1756

—2.8537E—06 1.0155E—07 6.5l56E—02 —5.4730E—06 —9 .9024E—06 —7.4258E—06 —

4.2980E—05 —1.5907E—03 4.3023E—O2 —9.7853E—O2 8.2179E—04
—10.50 —5.897

—1.0225E—05 —6.6614E—07 1.810 2.3453E—04 —2.7514E—04 —8.3553E—04
4 .8355E—03 —2 .2799E — 03 1.021 —1 .694 — 2 .0404E—03
—45.90 —29.52

— 5 .5998E—O7 1.0243E—O7 9 .9762E— 02 8.5964E—05 —l .5162E—05 —3 .0085E—04
1.7411E—O3 2.6ll4E—03 7.8138E—02 1.548 5.46O3E—04
—6 .423  19.37

—8.5289E—07 —1.1185E—07 .1055 7.7615E—05 ~—1 .6027E—O5 —2.7177E—04
1.5728E—O3 6.0611E—04 7.5833E—02 .3407 —l .809 1E— 04
—4 .084 4.864

3.3784E—08 l.7329E—O9 —2.9323E—04 —3 .7753E—08 4.4565E—08 l.4920E—O7
—8.6348E—07 1.ll9lE—05 3.6001E—04 9.O728E—03 9.3742E—06

.1912 5.1344E—02

9.77O1E—09 4.0936E—09 —l.0771E—04 3.8935E—08 l.6369E—08 —l.3987E—O7
8.0944E—07 1.06l9E—05 1.1853E—04 l.9987E—02 1.5252E—05

—5.6536E —03 .1550

2.9503E—08 8.1743E—1O —2 .66 10E—0 4 —4 .72 55E— 0 8 4.044 1E—0 8 1.8416E—07
—l.0658E—06 4.6813E—O6 2.90l3E—04 4.5583E—O3 4.4408E—O6
.1749 1.5112E—02

8.5614E—09 l.8309E—09 —5.4262E—05 1.9004E—O8 8.2467E—09 —6.9909E—08
4.O459E—07 l.3019E—05 l.3976E—04 9.0290E—03 9.8669E—06

* 
3.2559E—02 7.2465E—02

2 .4077E—0 8 1.O449E—O9 —l. 6453E— 04 — 5 .7854E—08 2 .5006E— 08 1.9965E—07
—1.1554E—06 3.8316E—06 3.4057E—04 4.7448E—03 6.2600E—06

• .1549 1.1614E—02

6.2962E—09 1.7407E—0 9 —3 .7468E —0 5 2 .4 124E—08 5.6943E— 09 —8 .7846E — 08
5.0839E—07 l.2666E—05 l.1000E—04 8.6O61E—03 9.3377E—06
1. 8268E—02 7. l373E—02

l.0314E—08 —2.2535E—10 —l.5379E—O4 —5.6O8lE—09 2.3373E—08 4.11O6E—08
—2.379OE—07 5.877lE—07 —l.9682E—06 —l.2356E—04 —2 .2555E—06
5.0202E—02 l.8062E—03

—l.5221E—09 —6 .l624E—l0 9.2903E—05 2.6695E—07 —l.4ll9E—08 —9.3338E—07
5.40l7E—06 l.4302E—06 l.2604E—04 6.3l49E—04 —1.6153E—06
—2.3328E—03 2.8479E—02

Figure 2. Sample Run Output Listing (Continued).
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l.0017E—07 1.4586E—08 —l.O792E—02 —7.3344E—06 l.640lE—06 2.5751E
—1.4903 E—04 4.8686E—06 —7 .4985E— 03 —8 .1507E—03 3.5549E

.4168 —9 .0083E—02

—2 .2388E — 07 1.3039E—08 — l. 6272E—03 — l.7543E— 06 2 .4730E — 07 5.1701E
—2.9921E—05 —3.2479E—05 —1.6542E—03 1.2681E—02 8.7088E
— .8829 5.6533E—0~

—3.6797E—11 — 1.1939E— 1O —6.1114E—08 —9 .7787E—1O 9.288 1E—12 3.4325E
—l .9865E—08 —4 .5070E—06 —7 .8754E —0 7 — 5.0 134E—04 — 1.5610E

2 .2468E—03 2.044 1E—03

PROGRAM PIREP:FAA LOW-VISIBILITY DATA--LONGITUDINAL

RNS MODEL PREDICTIONS
INDEX X Y VY VYEFF PY (DB) FC (%)
1 2.508 .7299 .9152 148.9 —3.0 .5

a 2 .8561 .2820 .3534 353.4 —3.0 .5
3 1.648 .1068 .1338 .3834 —3.0 .5
4 .6238E— 02 .1662E—01 .2O84E—O1 7.907 —3.0 .5
5 3.020 9.797 12.28 297.9 —3.0 .5

* 
6 9.797 1.508 1.891 40.44 —3.0 .5
7 1.525 90.50 75.62 130.2 —6.5 1.1
8 1.476 32.96 27.54 33.10 —6.5 1.1
9 .1274E—0 1 .7955 .2244 1.075 —16.0 9.9

10 .4922E—02 .3849 .1085 .1799 —16.0 9.9
11 .1258E—O1 .1352E—02 .3018E—03 .3018 —18.0 25.0

* i2 .3953E—02 .2056E-~O1 .4588E—02 .9851E—02 —18.0 25.0
13 .1159E—01 .7455E—O1 .1663E—01 .l979E—01 —18.0 25.0
14 .3879E—02 0. 0. 0. 0.0 0.0
15 .9212E—02 0. 0. 0. 0.0 0.0
16 .7678E—02 0. 0. 0. 0.0 0.0
17 .1405 0. 0. 0. 0.0 0.0

• 18 .2802 0. 0. 0. 0.0 0.0

U VU PU (DB) UDOT
1 .8456E—02 .8428E—O3 —25.00 .5373E—01

TOTAL ATT ’N= 4.00 TOTAL COST= 1.838 PERF . COST= 1.694
TIME 17.26.2 DATE 05/01/76

ALL CASES PROCESSED

FI gure 2. Sample Run Output Listing (Continued).
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EOR
CSB SCOPE 3.4.3 CYBR—393H 03/08/76

l7.09.49.KF3K3PF FROM /K3
- - 17.09.49.IP 00000320 WORDS — FILE INPUT , DC 00

17 .O9.49.KF3LG,T3OO ,c~M125000. D760023,HOFFMAI4,617
17.09.49. /272—7517.
17. 09. 51.ATTACU ,SBINOP 1,PIREPFILES1,CY=5 ,MR=1 .
17.09. 52.LDSET,PRESET=ZERO.
17.09 .53.SBINOP 1.
17.26.22 . STOP
17.26.22. 126.938 CP SECONDS EXECUTION TIME
17.26.22.OP 00002624 WORDS — FILE OUTPUT , DC 40
17.26.22.MS 3584 WORDS ( 0 MAX USED)
17.26.22.SCM 100000 WORDS MAXIMUM
17.26.22.CPA 128.257 SEC. 46.146 ADJ .
17 .26.22. 10 1.914 SEC. 1.036 ADJ . —

17.26.22.a4 3442.217 Kws . 41.347 ADJ .
17 .26 .22 .CRU S 88.531
17.26 .22 .COST $ 3.24
17.26.22.PP 3.599 SEC. DATE 05/01/76
17.26.22.EJ END OF JOB, K3 D760023
..BYE

* COMMAND— LOGOUT

.9

Figure 2. Sample Run Output Listing (Continued).
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