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3.3.4 GUIDANCE AND CONTROL 
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3.3.4.1 WAYPOINT_STEERING (PACKAGE BODY) TLCSC P661 (CATALOG #P106-0) 

This package contains the CAMP parts required to do the vaypoint steering 
portion of navigation. 

The following three waypoints are required to perform waypoint steering: o A : 
the last waypoint passed by the missile o B : the waypoint to which the 
missile is currently heading o C :  the next waypoint to which the missile will 
head 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

Name |    Requirements Allocation 

rUs.. 

Steering_Vector_Operations 
Steering VectorOperationswlthArcsin 
Compute_Turn_Angle and_Directlon 
Cross t rack_And_Heacf ing_Er ror_Opera t ions 
Dls tance_tö_Current_Waypoint~ 
Dlstance~to~Current~Waypoint_with_Arcsln 
Compute_Turning_and_Nont urn lng_Di stances 
Turn_Test_Operations       ~ 

R170, R171 
N/A 
R172 
R173, R174, R175 
R176 
N/A 

R177 
R178, R179, R180 

3.3.4.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.3 INPUT/OUTPUT 

None. 

3.3.4.1.4 LOCAL DATA 

None. 

3.3.4.1.5 PROCESS CONTROL 

Not applicable. 
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3.3.4.1.6 PROCESSING 

The following describes the processing performed by this part: 

package body WaypointSteering is 

package body Steering_Vector_Operations is separate; 

package body Steering_Vector_Operations_with_Arcsin is separate; 

procedure Compute Turn_Angle_and Direction 
(UnitNormal C    ~ : in   Unit Vectors; 
Unit_Tangent_B : in   Unit~Vectors; 
Unit_Tangent_C : in   Unit_Vectors; 
Tan_of One_Half_Turn_Angle :   out Tan_Ratio; 
Turn_DTrecTion :   out Turning_Directions) 
is separate; 

package body Crosstrack_and_Heading_Error_Operations is separate; 

function Distance_to Current Vaypoint 
(Unit Ra3ial_M T Unit Vectors; 
Unit^Tangent_B i Unit~Vectors) 
return Segment_Oistances is separate; 

function Distance to Current Vaypoint with Arcsin 
(Unit"Ra3ial M T Unit Vectors? g 
Unit_Tangent_B : Unitjtectors) 1 
return Segment_01stances is separate; 

procedure ComputeJTurning and_Nonturning_Distances 
(Tan_of_One_Ialf~Turn_Angle~: in   Tan_Ratlo; 
Segment BC_Distance 
Turn Radius 
Turning Distance 
NonturnTng_Dis tance 

in   Distances; 
in   Distances; 

out Distances; 
out Distances) is separate; 

package body TurnTestOperations is separate; 

end Vaypoint_Steering; 

3.3.4.1.7 UTILIZATION OP OTHER ELEMENTS 

None. 

3.3.4.1.8 LIMITATIONS 

None. 

3.3.4.1.9 LLCSC DESIGN 
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3.3.4.1.9.1 STEERING VECTOR OPERATIONS (PACKAGE BODY) PACKAGE DESIGN (CATALOG 
#P107-0) 

This package contains operations to do the following: o Initialize the 
waypoint steering vectors when supplied with the latitude and longitude of the 
past, current, and next waypoints o Update the waypoint steering vectors when 
supplied with the latitude and longitude of the "new" waypoint, C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UNB) and the segment unit 
tangent vector (UTB). 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.1.9.1.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part; 

| Name     | Requirements Allocation | 

| Initialize | R170 | 
I Update    j R171 j 

3.3.4.1.9.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined with the specification 
for this part. 

Data types: 

The following table summarizes the generic formal types required by this part: 
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Name I  Type Description 

Indices 

EarthDistances 

Segment_ 
Distances 

Earth_Positions 

SinCosRatio 

Unit Vectors 

discrete 
type 

floating 
point type 
floating 
point type 

floating 
point type 

floating 
point type 

array 

Used to dimension Unit_Vectors 

Data type used to define distance 
measurements of the Earth's radius 
Data type used to define distance 
measurements of the navigation segments 

Data type used to define latitude and 
longitude measurements 

Data type used to define results of a sine 
or cosine function 

Array of "Sin_Cos_Ratio" dimensioned by 
Indices 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name      | Type        | Description | 

| EarthRadius | Ear th_Dl stances | Radius of the Earth | 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name 

11*1! 

H/W 

Cross_ 
Product 

Vector 
LengtH 

Sin Cos 

Type |    Description 

function 

I 

function 

procedure 

function 

procedure 

Operator defining the operation: 
Earth_Distances * Sin_Cos_Ratio -> Segment_Distances 

Operator defining the operation: 
Unit_Vectors / Sin Cos_Ratio «> Unit_Vectors 

Cross product function ~ 

Calculates the length of a vector 

Calculates the sine and cosine of an input value 

3.3.4.1.9.1.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name I Type Value  |  Description 

Unit Radial B 

Unit Radial C 

Unit Vectors 

Unit Vectors 

N/A 

N/A 

Unit radial vector to waypoint B 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
B 

Unit radial vector to waypoint C 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
C 

3.3.4.1.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.1.6 PROCESSING 

The following describes the processing performed by this part: 

with Geometric_Operations; 
separate (Vaypöint Steering) 
package body SteerTng_Vector_Operations is 

package Geo renames GeometricOperations; 

 instantiate required parts- 

function U_R Vector is new 
Geo.Unit Radial Vector (Indices 

EarthPositions 
Sin_Cos Ratio 
Unit Vectors 

■> Indices, 
■> EarthPositions, 
■> Sin Cos Ratio, 
•> Unit Vectors); 

procedure Compute_Segment_and_U_Nl_Vector is new 
Geo.Compute Segment and Unit Normal Vector 

(Indices 
Earth_Distances 
Segment_Distances 
Sin_Cos_Ratio 
Unit Vectors 
EartR Radius 

>> Indices, 
•> Earth_Distances, 
■> Segment_Distances, 
•> Sin CosRatio, 
-> Unit Vectors, 
•> EartH Radius); 

—local declarations- 

Unit Radial B 
Unit"Radial~C 

Unit_Vectors; 
Unit Vectors; 
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-separate procedures- 

procedure Initialize 
(Waypoint_A_Lat 
Waypo i n t_A_Long 
Waypoint_B_Lat 
Waypoint_B_Long 
Waypolnt_C_Lat 
Waypoint_C Long 
Unit_NormaI B 
Unit_Normal~C 
Unit_Tangent_B 
UnitTangent C 
Segment_BC_Dls tance 

procedure Update 
(Waypoint_C_Lat 
Waypoint_C Long 
Unit_NormaI_B 
Unit_Normal_C 
Unit~Tangent_B 
Unit~Tangent~C 
Segmen t_BC_Dls tance 

end Steering_Vector_Operations; 

in Earth_Positions; 
in Earth_Posltions; 
in Earth_Positions; 
in Earth~Positions; 
in Earth_Positions; 
in Earth_Positions; 
out Unit_7ectors; 
out Unit_Vectors; 
out Unit_Vectors; 
out Unlt_Vectors; 
out SegmentDistances) is separate; 

in     Earth_Positions; 
in     Earth_Positions; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Segment Distances) is separate; 

3.3.4.1.9.1.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part: 
1. Geometric_Operations package (Geo) 

UTILIZATION OF EXTERNAL ELEMENTS: 

Subprograms and task entries: 

The following table summarizes the external subroutines and task entries 
required by this part: 

| Name 

| Unit Radial Vector 
I 
| Compute_Segment_and 
j Unit Normal Vector 

I Type Source | Description 

| Computes a unit radial vector | generic | Geo 
j function j 
j generic j Geo 
|  function j 

j Computes segment distance 
j and unit normal vectir 

3.3.4.1.9.1.8 LIMITATIONS 

None. 
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3.3.4.1.9.1.9 LLCSC DESIGN 

None. 

3.3.4.1.9.1.10 UNIT DESIGN 

3.3.4.1.9.1.10.1  INITIALIZE (PROCEDURE BODY) UNIT DESIGN 

This part initializes the waypoint steering vectors when supplied with the 
latitude and longitude of the past (A), present (B), and next (C) vaypoints. 

This part initializes the waypoint steering vectors for the "current" course 
segment AB, as well as for the "next" course segment BC. 

3.3.4.1.9.1.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R170. 

3.3.4.1.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

^    3.3.4.1.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description             | 

Waypoint_A_Lat, EarthPositions in Latitude and longitude of 
Waypoint A Long the "previous" waypoint 

Vaypoint_B Lat, Earth_Positions in Latitude and longitude of 
Waypoint I Long the "current" waypoint 

Waypoint_C_Eatt EarthPositions in Latitude and longitude of 
Waypoint C Long the "next" waypoint 
Unit Normal B, Unlt_Vectors out Unit normal vectors for 
Unit NormaT_C segments AB and BC 

Unit Tangent B, Unlt_Vectors out Unit tangent vectors for 
Unit_Tangent_C segments AB and BC 
Segment_BC_ Segment_ out Great circle arclength 
Distance Distances between waypoints B and C 

3.3.4.1.9.1.10.1.4 LOCAL DATA 

Data objects: 

tfjSfy       The following table describes the data objects maintained by this part: 
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Name Type Value Description 

Terap_UN_B 
TempJJN C 
Unit_Ra3ial_A 

V Length 

Unit^Vectors 
Unit_Vectors 
Unit_Vectors 

Sin Cos Ratio 

N/A 
N/A 
N/A 

N/A 

Temporary Unit Normal_B vector 
Temporary Unit~Normal C vector 
Unit radial vector pointing to 
waypoint A 
Vector length 

3.3.4.1.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Waypoint_Steering.Steering_Vector_Operations) 
procedure Initialize 

(Waypoint_A_Lat 
Vaypo i n t_A_Long 
Waypoint~B_Lat 
Waypoint_B_Long 
Waypoint_C_Lat 
Vaypoint C~Long 
Unit Norial B 
Unit~Noriiial~C 
ünit~Tangent_B 
Unit~Tangent~C    : 
SegmentBCDlstance : 

in Earth_Positions; 
in Earth_Positions; 
in Earth_Positions; 
in Earth~Positions; 
in EarthPositions; 
in Earth_Positions; 
out Unit_Vectors; 
out Unit~Vectors; 
out Unit'Vectors; 
out Unit'Vectors; 
out SegmentJDistances) is 

— —declaration section- 

Temp UN_B 
Temp~UN C 
UnitRaHial A 
VLength 

Unit_Vectors} 
Unlt_Vectors5 
Unit-Vectors; 
Sin Cos Ratio; 

—begin procedure Initiallze- 

begin 

—compute unit radial vectors 

Unit_Radial_A :- U_R_Vector(Lat_of Point -> Waypoint_A_Lat, 
Long_oI Point ■> Waypoint~A~Long); 

Unit_Radlal_B :- U_R_Vector(Lat_of Point -> Waypoint_B~Lat, 
Long_oI Point -> Waypoint_B~Long); 

Unit_Radial_C :- U_R_Vector(Lat_of foint -> Waypoint_C~Lat, 
Long_oI_Point ■> Waypoint_C~Long); 
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--compute UN B 

TempUNB    := Cross_Product(Left => Unit_Radial_B, 
Right -> Unit_Radial A); 

Vector_Length(Temp_UN_B); 
Temp_UN_B / V_Length; 
Temp UN_B; 

V_Length 
Temp_UN_B 
Unit Normal B 

# 

 compute UT_B 

Unit Tangent_B :. Cross_Product(Left    -> TempJJN B, 
Right -> UnitRaJialB); 

— —compute UN_C and segment BC distance 

Compute_Segment and_U_Nl Vector 
(UnitRadialT -> Ünit_Radial_Bt 
Unit_Radial2 «> Unit_Radial_Cf 
Unit_Normal2 -> Temp_UN_C, 
Segment_Distance ■> Segment_BC_Distance); 

Unit_Normal_C    :- Temp_UN_C; 

— —compute UT_C 

Unit Tangent C :« Cross Product(Left -> Temp UN C, 
Right -> Unit"Ra3ial_C); 

end Initialize; 

3.3.4.1.9.1.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and instantiated in the body of the Steerlng_Vector_Operations 
package: 

|    Name |    Type |    Description | 

|  U_R_Vector |   function    | Computes a unit radial vector j 
j   Compute_Segment_and _  |   function    | Computes segment distance and unit 
I    U_Nl_Vector j j    normal vector j 

The following table describes the subroutines required by this pr^rt and defined 
as generic formal subroutines to the Steering Vector Operations package: 
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Name 

ii/n 

Cross_ 
Product | 

Vector 
LengtK 

Type |     Description 

function     | Operator defining the operation: 
j     Unit_Vectors / Sin Cos_Ratio => Unit_Vectors 

procedure  | Cross product function 

function    j Calculates the length of a vector 

Data types: 

The following data types are required by this part and defined as generic 
parameters to the Steering_Vector_Operations package: 

Name I    Type |    Description 

Indices 

Earth_Distances 

Segment_ 
Distances 
EarthPositions 

Sin_Cos_Ratio 

| Unit Vectors 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

Used to dimension Unit_Vectors 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type used to define latitude and 
longitude measurements 

Data type used to define results of a sine 
or cosine function 

Array of "Sin_Co8_Ratlon dimensioned by 
Indices 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Steering_Vector_Operations: 

| Name I Type Value j Description 

Unit Radial B 

Unit Radial C 

Unit Vectors 

Unit Vectors 

N/A 

N/A 

Unit radial 
extending 
origin of 
reference 
B 

Unit radial 
extending 
origin of 
reference 
C 

vector to waypoint B 
outwards from the 
the Earth-centered 
frame towards waypoint 

vector to waypoint C 
outwards from the 
the Earth-centered 
frame towards waypoint 
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3.3,4,1.9.1.10.1.8 LIMITATIONS 

None. 

3.3.4.1.9.1.10.2 UPDATE (PROCEDURE BODY) UNIT DESIGN 

This part updates the vaypoint steering vectors when supplied with the latitude 
and longitude of the "new" waypoint, C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UN_B) and the segment unit 
tangent vector (UTB). 

3.3.4.1.9.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R171. 

3.3.4.1.9.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.1.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type Mode | Description 

| Waypoint_C_Lat,  | EarthPositions 
| Waypoint_C_Long 
j Unit_Normal B, 
I Unit NormaT_C 
j Unit_Tangent~B, 
| Uni t_Tangent_C 
j Segment_BC_ 

Distance 

Unit_Vectors 

Unit_Vectors 

Segment_ 
Distances 

in 

out 
in out 
out 
in out 
out 

Latitude and longitude of 
the "next" waypoint 

Unit normal vectors for 
segments AB and BC 

Unit tangent vectors for 
segments AB and BC 

Great circle arclength 
between waypoints B and C 

3.3.4.1.9.1.10.2.4 LOCAL DATA 

None. 

3.3.4.1.9.1.10.2.5 PROCESS CONTROL 

Not applicable. 
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3.3.4.1.9.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Waypoint_Steering.Steering_Vector_Operations) 
procedure Update 

(Waypoint_C_Lat 
Waypoint_C Long 
Unit_NormaT_B 
Unit_Normal_C 
Unit_Tangent_B 
Unit_Tangent C 
Segmen t_BC_DTs t ance 

begin 

in    Earth_Positions; 
in    Earth_Positions; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Segment Distances) is 

—advance "C" vectors into "B" vectors 

UnitRadlalB 
Unit_Normal B 
Unit Tangent B 

Unit_Radial_C; 
Unit_Normal_C; 
Unit Tangent C; 

— —calculate new values 

Unit_Radial_C :- U_R_Vector(Lat_o£ Point -> Waypoint_C_Lat, 
Long_oI_Point -> Waypoint~C~Long); 

Compute Segment and_U Nl Vector 
(Unit Radiall -> Unit Radial_B, 
Unit Radial2 ■> Unlt_Radial C, 
Unlt_Noriiial2 -> Unit_Normal~C, 
Segment_Distance ■> Segment_BC_5istance); 

UnitTangentC :» Cross_Product(Left -> Unlt_Normal_C, 
Right -> Unit_Radial_C); 

end Update; 

3.3.4.1.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and instantiated in the body of the SteerlngVectorOperations 
package: 

* 
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Name Type Description 

|   U_R_Vector 
I   Compute_Seginent_and 
|  U Nl Vector 

| function | Computes a unit radial vector 
j function j Computes segment distance and unit 
I j normal vector 

The following table describes the subroutines required by this part and defined 
as generic formal subroutines to the Steering_Vector_Operations package: 

|     Name       |    Type |    Description 

j   Cross_     |  procedure  |  Cross product  function 
j     Product j j 

Data types: 

The following data types are required by this part and defined as generic 
parameters to the Steering Vector Operations package: 

|  Name Type Description                         | 

| Indices discrete Used to dimension Unit Vectors 
type 

| Earth Distances floating Data type used to define distance 
point type measurements of the Earth's radius 

| Segment floating Data type used to define distance 
j  Distances point type measurements of the navigation segments 
| Earth Positions floating Data type used to define latitude and 

point type longitude measurements 
| Sin Cos Ratio floating Data type used to define results of a sine 

point type or cosine function 
| Unit Vectors array Array of "Sin Cos Ratio1* dimensioned by 

Indices 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Steering_Vector_Operations: 
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| Name       | Type      | Value 

Unit Radial B I Unit Vectors I N/A 

Description 

Unit Radial C Unit Vectors N/A 

Unit radial vector to waypoint B 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
B 

Unit radial vector to waypoint C 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
C 

3.3.4.1.9.1.10.2.8 LIMITATIONS 

None. 

3.3.4.1.9.2 CR0SSTRACK_AND_HEADING_ERROR_0PERATI0NS (PACKAGE BODY) PACKAGE DESIGN 
(CATALOG #P109-0) 

This part contains the routines require to compute the crosstrack and heading 
errors for a missile in turning or nonturning flight. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.1.9.2.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

Name Requirements Allocation 

Compute_When_Turning | R173 
Compute_When~Not Turning  | R175 
Compute I  R174 

3.3.4.1.9.2.2    LOCAL ENTITIES DESIGN 

None. 

3.3.A.1.9.2.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were defined when this part was originally 
specified: 
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Data types: 

The following table describes the generic formal types required by this part: 

|  Name 

| Navigation_Indices 

Unit_Indices 

Angles 

Earth_Distances 

Segment_ 
Distances 
Sin_Cos_Ratio 

TanRatio 

Velocities 

Unit_Vectors 

Velocity Vectors 

I Type { Description 

discrete 
type 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

array 

Data type used to dimension Velocity_ 
Vectors 
Data type used to dimension Unit_Vectors 

Data type of angular measurements 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type of results of sine/cosine 
operations 

Data type of tangent operations 

Data type of velocity measurements 

Array, dimensioned by Unit_Indices, of 
SinCos Ratio 

Array, dimensioned by Navlgation_ 
Indices, of Velocities 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name Type Value 

E(ast) Navigation_ 
Indices 

'FIRST 

N(orth) Navigation_ 
Indices 

'SUCC(E) 

U(p) Navigation_ 
Indices 

'LAST 

X Unitlndices 
Indices 

'FIRST 

Y Unit_Indices 
Indices 

'SUCC(X) 

Z Unit_Indices 
Indices 

'LAST 

EarthRadius Earth_ 
Distances 

n/a 

Description I 
Used to access first element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access second element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access last element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access first element of 
arrays dimensioned by Unit_ 
Indices 

Used to access second element of 
arrays dimensioned by Unit_ 
Indices 

Used to access last element of 
arrays dimensioned by Unit_ 
Indices 

Radius of the Earth 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

"*" 

n/n 

Dot_ 
Product 

Sqrt 
Arctan 

Type 

function 

function 

function 

function 

function 

function 

function 

function 

function 
function 

Description 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Earth_Distances ■> 
Segment_Distances 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Segment_Distances »> 
Segment_Di stances 

Multiplication operator defining the operation: 
Segment_Distances *  INTEGER =■> Segment_Distances 

Multiplication operator defining the operation: 
INTEGER * Sln_Cos_Ratio -> Sin_Cos_Ratio 

Multiplication operator defining the operation: 
Segment_Distances * Velocities ■> Tan_Ratio 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Velocities -> Velocities 

Division operator defining the operation: 
Velocities / Velocities -> Tan_Ratio 

Dot product function 

Square root function 
Arctangent function 

3.3.4.1.9.2.4 LOCAL DATA 

None. 

3.3.4.1.9.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (WaypointSteering) 
package body Crosstrack and Heading Error Operations is 

procedure Compute WhenJTurning 
(DistancetoB 
Nonturning Distance 
Unit_RadiaI_M 
Unit_Normal_B 
Unit_Tangent_B 
Turn_Directiön 
Ground_Velocity 
Turn Radius 

in Segment_Distances; 
in Segment_Distances; 
in Uni t_Vectors; 
in Unit~Vectors; 
in Unit Vectors; 
in TurnTng_Directions; 
in Velocity_Vectors; 
in Segment J3istances; 
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"W 
Crosstrack_Error 
Heading_Error 

procedure Compute When Not Turning 

out Segment_Dlstances; 
out Angles) is separate; 

(UnitRadTal M 
Uni t_Normal~B 
Ground_Velocity 
Crosstrack_Error 
Heading Error 

in Unit_Vectors; 
in Unit_Vectors; 
in Velocity_Vectors; 
out Segment_Distances; 
out Angles) is separate; 

procedure Compute 
(Distance_to_B 
Nonturning Distance 
UnitRadialM 
Uni t_Normal_B 
Unit_Tangent_B 
Turn_Direction 
Turn_Status 
Ground_Velocity 
Turn_Radius 
Crosstrack_Error 
Heading Error 

Segmen t_Di s tances; 
Segment_Distances; 
Unit_Vectors; 
Unit_Vectors; 
Unit Vectors; 
TurnIng_Directions; 
Turningstatuses; 
Veloci ty_Vectors; 
Segment_Distances; 

out Segment_Distances; 
out Angles) is separate; 

in 
in 
in 
in 
in 
in 
in 
in 
in 

end Crosstrack_and_Heading_Error_OperatIons; 

3.3.4.1.9.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Data types: 

The following table describes the data types required by this part and defined 
in the package specification of WaypointSteering: 

Name | Range | Description 

Turning_Directions 

Turning_Statuses 

Left Turn, 
RigHtJTurn 

Turning, 
Not Turning 

Indicates if the missile needs to make 
a right or a left-hand turn to go to 
the next waypoint 

Indicates whether or not the missile is 
currently turning 

3.3.4.1.9.2.8 LIMITATIONS 

None. 
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3.3.4.1.9.2.9 LLCSC DESIGN 

None. 

3.3.4.1.9.2.10 UNIT DESIGN 

3.3.4.1.9.2.10.1 COMPUTE_WHEN_TURNING (PROCEDURE BODY) UNIT DESIGN 

This part computes the cross track and heading error for a missile in turning 
flight. 

NOTE: By the time this part is called the vaypoints have been updated so that 
the missile is now turning past vaypoint A to go on to vaypoint B. 

3.3.4.1.9.2.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R173. 

3.3.4.1.9.2.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.2.10.1.3 INPUT/OUTPUT , 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|  Name Type Mode 

in 

in 

in 

in 

in 

in 

in 

in 

out 

out 

Description 

Distance_ 
to_B 

Nonturning 
Distance 

Unit 
Radial M 

Unit_ 
Normal_B 

Unit_ 
Tangent_B 

Turn_ 
Direction 

Ground 
Velocity 

Turn_Radius 

Crosstrack_ 
Error 

Heading_ 
Error 

Segment_ 
Distances 
Segment_ 
Distance 

Unit Vectors 

Unit_Vectors 

Unit_Vectors 

Turning 
Directions 

Velocity_ 
Vectors 
Segment_ 
Distances 
Segment_ 
Distances 

Angles 

Distance from missile position to 
the current vaypoint, B 

Distance from point of tangency of 
turn circle and next course segment, 
BC, to next waypoint, C 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit normal vector 

Segment AB unit tangent vector 

Direction of turn required to go 
from waypoint B to waypoint C 

Missile ground velocity with N and E 
components 

Desired missile turn radius 

Missile displacement normal to the 
commanded ground track; is positive 
when missile is to the right as 
viewed in the direction of flight 

Difference between the current 
missile heading and the desired 
heading 

3.3.4.1.9.2.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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$ 

Name I  Type 

Crosstrack_ 
Distance 

Segment_ 
Distances 

I D_Y Segment_ 
Distances 

| D_X Segment_ 
Distances 

1 D_H_D_C Segment_ 
Distances 

Direction INTEGER 

Dot Prod Sin Cos Ratio 
Result 

N_H_D_C Segment_ 
Distances 

R_M Segment_ 
Distances 

Description 

Distance of missile from line  segment AB 

Difference between turning radius and 
crosstrack distance 

Difference Between distance to B and 
nonturning distance 

Used for intermediate calculations 

+1 if missile is making a right turn, 
-1 if missile is making a left turn 

Dot product result, which, due to the 
geometry, equals the angle between the 
desired URM and the actual UR_M 
Used for intermediate calculations 

Turning radius actually being flown by 
the missile 

3.3.4.1.9.2.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.2.10.1.6 PROCESSING 
i 

The following describes the processing performed by this part: 

separate (Waypoint_Steering.Crosstrack_and_Heading_Error_Operations) 
procedure Compute_Vhen_Turning 

(Distance to B 
Nonturning Distance 
Unit_RadiaT_M 
Uni t_Normal_B 
Unlt_Tangent_B 
Turn~Directiön 
Ground_Veloci ty 
Turn_Ridius 
Crosstrack_Error 
Heading Error 

in Segment_Distances; 
in Segment'Distances; 
in Unit_Vectors; 
in Unit~Vectors; 
in Unit~Vectors; 
in TurnTng_Directions; 
in Velocity Vectors; 
in Segment_5istances; 
out SegmentDistances; 
out Angles) is 

—declaration section 

Crosstrack Distance 
D_Y 
D_X 
D H_D_C 
Direction 
DotProdResult 
N_H_D_C 
R M 

Segmen t_Di stances; 
Segment_Distances; 
Segment_Distances; 
Segment_Distances; 
INTEGER; 
Sin_Cos_Ratio; 
Segment_Distances; 
Segment_Distances; 

$ 
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m 

—begin procedure Coinpute_When_Turning- 

begin 

— —convert turn direction to an integer value 

if Turn_Dlrection « LeftJTurn then 
Direction i« -1; 

else 
Direction :■ 1; 

end if; 

 get the sine of the angle (which approximately equals the angle) 
— —between the actual and desired UR_Mf 
— —and then compute crosstrack distance 

Dot_Prod_Result    :- Dot Product (Left -> Unit_Radial_M, 
Right =-> Unit NormalB); 

Crosstrack_Distance :« Dot_Prod_Result * Earth_Ra3ius; 

 compute the radius of the circle that the missile is actually traversing 

D_T :■ Turn_Radius - Crosstrack_Distance * Direction; 
D X :■ Distance to B - Nonturning Distance; 
R_M :- Sqrt(D_X"* 5_X + D_Y * DjrJ; 

 compute crosstrack error 

Crosstrack_Error :- (Turn_Radius - R_M) * Direction; 

— —compute heading error 

N H D C :- Direction * Unit Tangent_B(Z) * D X - 
Unit Normal B(Z)"* D_Y; 

D H D C :- -Direction * Unit Normal_B(Z) * D X - 
Unit_Tangent_B(Z)"* D_Y; 

HeadingError :- Arctan((N H DC * Ground Velocity(N) - 
D"H"D"C * Ground"Velocity(E)) / 
(D"e"D"C * Ground^Velocity(N) + 
N"H~D_C * Ground_Velocity(E))); 

end Compute_Vhen_Turning; 

3.3.4.1.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 
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^ 

| Name 

"*" 

"*" 

"*" 

Dot_ 
Product 

Sqrt 
Arctan 

Type 

function 

function 

function 

function 

function 

function 

function 

function 

function 
function 

Description 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Earth_Distances «> 
Segment_Distances 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Segment_Distances => 
Segmen t_Di s t ances 

Multiplication operator defining the operation: 
Segmen t_Distances * INTEGER -> Segmen ^Distances 

Multiplication operator defining the operation: 
INTEGER * Sin_Cos_Ratio -> Sin_Cos_Ratio 

Multiplication operator defining the operation: 
SegmentDistances * Velocities «> Tan_Ratio 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Velocities «> Velocities 

Division operator defining the operation: 
Velocities / Velocities -> Tan_Ratio 

Dot product function        ~ 

Square root function 
Arctangent function 

j^fa s 
Data types: 

The following data types are required by this part and defined as generic 
formal parameters to the Crosstrack_and_Heading_Error_Operations package: 
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| Name 

Navigation_Indices 

Unit_Indices 

Angles 

Earth_Distances 

Segment_ 
Distances 
SinCosRatio 

Tan_Ratlo 

Velocities 

Unit_Vectors 

Velocity Vectors 

I Type | Description I 
discrete 
type 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

array 

Data type used  to dimension Velocity_ 
Vectors 

Data type used to dimension Unit_Vectors 

Data type of angular measurements 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type of results of sine/cosine 
operations 

Data type of tangent operations 

Data type of velocity measurements 

Array,  dimensioned by Unit_Indices,  of 
SinCos Ratio 

Array, dimensioned by Navigation_ 
Indices, of Velocities 

The following table describes the data types required by this part and defined 
in the package specification of Vaypoint_Steering: 

Name 

Turning_Directions 

Turning Statuses 

Range Description 

Left Turn, 
RlgKtJTurn 

Turning, 
NotJTurning 

Indicates if the missile needs to make 
a right or a left-hand turn to go to 
the next waypoint 

Indicates whether or not the missile is 
currently turning 

Data objects: 

The following data objects are required by this part and defined as generic 
formal parameters to the Crosstrack_and_Heading_Error_Operations package: 
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Name Type Value 

E Navigation_ 
Indices 

'FIRST 

N Navigation_ 
Indices 

'SUCC(E) 

U Navigation_ 
Indices 

'LAST 

X Unit_Indices 
Indices 

'FIRST 

Y Unitlndices 
Indices 

'SUCC(X) 

Z Unit_Indices 
Indices 

'LAST 

EarthRadius Earth_ 
Distances 

n/a 

Description 

Used to access first element of 
arrays dimensioned by Navigation 
Indices 

Used to access second element of 
arrays dimensioned by Navigation^ 
Indices 

Used to access last element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access first element of 
arrays dimensioned by Unit_ 
Indices 

Used to access second element of 
arrays dimensioned by Unit_ 
Indices 

Used to access last element of 
arrays dimensioned by Unit_ 
Indices 

Radius of the Earth 

3.3.4.1.9.2.10.1.8 LIMITATIONS 

None. 

3.3.4.1.9.2.10.2 COMPUTE_WeEN_NOT_TURNING (PROCEDURE BODY) UNIT DESIGN 

This part computes the crosstrack and heading error for a missile in nonturning 
flight. 

3.3.4.1.9.2.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R175. 

3.3.4.1.9.2.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.2.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name Type 

Unit_Vectors 

Unit_Vectors 

Velocity_ 
Vectors 
Segment_ 
Distances 

Angles 

Mode 

in 

in 

in 

out 

out 

Description 

Unit 
Radial M 

Unit_ 
Normal_B 

Ground 
Velocity 

Crosstrack_ 
Error 

Heading_ 
Error 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit normal vector 

Missile ground velocity with N and E 
components 

Missile displacement normal to the 
commanded ground track; is positive 
when missile is to the right as 
viewed in the direction of flight 
Difference between the current 
missile heading and the desired 
heading 

3.3.4.1.9.2.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name Type | Description 

DHDC 
Döt_Prod_ 
Result 

N H D C 

Sin_Cos_Ratio 
Sin~Cos~Ratio 

Sin Cos Ratio 

Used for intermediate calculations 
Dot product result, which, due to the 
geometry, equals the angle between the 
desired URM and the actual UR_M 

Used for intermediate calculations 

3.3.4.1.9.2.10.2.5 PROCESS CONTROL 

Nor applicable. 

3.3.4.1.9.2.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Vaypoint Steering.Crosstrack_and_Heading_Error_Operations) 
procedure ComputejBfoen NotJTurning 

(Unit_RadIal_M 
Unit_Normal_B 
Ground Velocity 

in Unit_Vectors; 
in Unit_Vectors; 
in Velocity Vectors; 

Cross track_Error : out Segment_Distances; 
Heading_Error out Angles) is 

 local declarations- 
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Dot_Prod_Result : Sin_Cos_Ratio; 
D_H_D_C ; SinCosRatio; 
N H D C       : Sin Cos Ratio; 

—begin procedure Compute_When_Not_Turning- 

begin 

— —get the sine of the angle (which approximately equals the angle) 
— —between the actual and desired UR_M, 
— —and then compute crosstrack distance/error 

Dot_Prod Result    :- Dot_Product (Left    -> Unit Radial_M, 
Right -> Unit~Normal_B); 

CrosstrackError :■ Dot_Prod_Result * EarthRaJius; 

— —compute heading error 

N_H DC:-- UnitNormal B(Z); 
D_H~D~C :- Unit Normal BTY) * Unit_Radial M(X) - 

Unlt"Normal"B(X) * Unit_Radial"M(Y)5 

Heading Error :« Arctan((N HOC* Ground Velocity(N) - ^ 
D"H"D~C * Ground"V«locity(E)) / % 

(D"e"D~C * Ground"V€locity(N) + 
NIHZD_C * Ground"Velocity(E))); 

end Compute_When_Not_Turning; 

3.3.4.1.9.2.10.2.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OP OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following subprograms are required by this part and defined as generic 
formal parameters to the Crosstrack_and_Heading_Error_Operations package: 



CAMP Software Detailed Design Document Page 449 

|  Name Type 

function 

function 

function 

function 

function 

function 

|  Description 

"•" 

"*" 

"*" 

Dot_ 
Product 

Arctan 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Earth_Distances => 
Segment_Distances 

Multiplication operator defining the operation: 
Sin_Cos_Ratio * Segment_Distances => 
Segmen t_Di s t ances 

Multiplication operator defining the operation: 
SinCosRatio * Velocities -> Velocities 

Division operator defining the operation: 
Velocities / Velocities -> TanRatio 

Dot product function 

Arctangent function 

Data types: 

The following data types are required by this part and defined as generic 
formal parameters to the Crosstrack_and_Heading_Error_Operations package: 

Name 

Navigationlndices 

Unit_Indices 

Angles 

EarthJDistances 

Segment_ 
Distances 
Sin_Cos_Ratio 

Tan_Ratio 

Velocities 

Unit_Vectors 

Velocity_Vectors 

I Type | Description 

discrete 
type 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

array 

Data type used to dimension Velocity_ 
Vectors 
Data type used to dimension Unlt_Vectors 

Data type of angular measurements 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type of results of sine/cosine 
operations 

Data type of tangent operations 

Data type of velocity measurements 

Array, dimensioned by Unit_Indices, of 
Sin_Cos Ratio 

Array, dimensioned by Navigation_ 
Indices, of Velocities 

Data objects: 

The following data objects are required by this part and defined as generic 
formal parameters to the Crosstrack and Heading Error Operations package: 
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Name Type Value 

E Navigation 
Indices 

'FIRST 

N Navigation_ 
Indices 

'SUCC(E) 

U Navigation_ 
Indices 

'LAST 

X Unit_Indices 
Indices 

'FIRST 

Y Unit_Indices 
Indices 

'SUCC(X) 

Z Unitlndices 
Indices 

'LAST 

EarthJRadius Earth_ 
Distances 

n/a 

|  Description 

Used to access first element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access second element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access last element of 
arrays dimensioned by Navigation_ 
Indices 

Used to access first element of 
arrays dimensioned by Unit_ 
Indices 

Used to access second element of 
arrays dimensioned by Unit_ 
Indices 

Used to access last element of 
arrays dimensioned by Unit_ 
Indices 

Radius of the Earth 

3.3.4.1.9.2.10.2.8 LIMITATIONS 

None. 

3.3.4.1.9.2.10.3 COMPUTE (PROCEDURE BODY) UNIT DESIGN 

This part computes the crosstrack. and heading error for a missile in turning or 
nonturning flight. 

3.3.4.1.9.2.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R174. 

3.3.4.1.9.2.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.2.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name Type Mode | 

Distance Segment_ in 
to_B Distances 

Nonturning_ Segment_ in 
Distance Distances 

Unit UnitVectors in 
RadIal_M 

Unit_ Unit_Vectors in 
Normal B 
Unit_ UnitVectors in 
Tangent_B 

Turn_ Turning in 
Direction Directions 

TurnStatus Turning_ in 
Statuses 

Ground Velop1»v in 
Velocity Veci . T 
TurnRadius Segment_ in 

Distances 
Crosstrack_ Segment_ out 
Error Distances 

Heading_ Angles out 
Error 

Description I 
Distance from missile position to 
the current vaypoint, B 

Distance from point of tangency of 
turn circle and next course segment, 
BC, to next waypoint, C 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit normal vector 

Segment AB unit tangent vector 

Direction of turn required to go 
from waypoint B to waypoint C 

Indicates if the missile is in 
turning or nonturning flight 

Missile ground velocity with N and E 
components 

Desired missile turn radius 

Missile displacement normal to the 
commanded ground track; is positive 
when missile is to the right as 
viewed in the direction of flight 

Difference between the current 
missile heading and the desired 
heading 

3.3.4.1.9.2.10.3.4 LOCAL DATA 

None. 

3.3.4.1.9.2.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.2.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

and Heading Error Operations) separate (Vaypoint_Steerlng. Cross track 
procedure Compute 

(Distance_to_B : in 
Nonturning Distance : in 
Unit_RadiaI_M : in 
Uni t_Normal_B : in 
Unit_Tangent_B : in 
Turn_Direction : in 
Turn Status : in 

Segmen t_Di stances; 
Segment_Distances; 
Unit_Vectors; 
Unit_Vectors; 
Unit Vectors; 
TurnTng_Directions; 
TurningStatuses; 
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Ground Velocity    : in Veloci ty_Vectors; 
Turn_Radius       : in Segment_Di stances; 
Crosstrack._Error   : out Segment_Di stances; 
Heading_Error     : out Angles) is 

begin 
if Turn Status = Turning then 

Compute When Turning 
(Distance to B »> Distance_to_B      , 
Nonturning Distance -> Nonturning Distance , 
Unit Radial M -> Unit Radial M     , 
Unit~Normal_B -> Unit Normal'B     , 
Unit_Tangent_B -> Unit~Tangent_B     , 
TurnDirectiön «> TurnDirectiön     , 
Ground_Velocity «> Ground_Veloclty    , 
Turn_Radlus ■> Turn_Radius       , 
Crosstrack_Error -> Crositrack_Error   , 
Heading_Error -> HeadingError      ) 

else 
Compute When Not Turning 

(Unit Radial M =-> Unit Radial M   , 
Unit~Normal_B -> Unit~Normal_B   , 
Ground_Veloci ty -> Ground_Velocity , 
Crosstrack_Error -> CrosstrackError , 
Heading_Error -> Heading_Error   ); 

end if; 
end Compute; 

« 

3.3.4.1.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OP OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and contained in the Crosstrack_and_Heading_Error_Operations package. 

| Name | Type 

Compute_When_Turning    | procedure 

Compute_When_Not_Turning j procedure 

| Description 

Computes the crosstrack and heading 
errors when the missile is in 
turning flight 

Computes the crosstrack and heading 
errors when the missile is in 
nonturning flight 

Data types: 

The following data types are required by this part and defined as generic 
formal parameters to the Crosstrack and Heading Error Operations package: 
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Name 

Navigation_Indices 

Unit_Indices 

Angles 

Earth_Distances 

Segment_ 
Distances 

SinCosRatio 

Tan_Ratio 

Velocities 

Unit_Vectors 

Velocity Vectors 

Type |     Description 

discrete 
type 

discrete 
type 

floating 
point type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

array 

Data type used to dimension Velocity_ 
Vectors 
Data type used to dimension Unit_Vectors 

Data type of angular measurements 

Data type used to define distance 
measurements of the Earth's radius 
Data type used to define distance 
measurements of the navigation segments 

Data type of results of sine/cosine 
operations 

Data type of tangent operations 

Data type of velocity measurements 

Array, dimensioned by Unit_Indices, of 
Sin_Cos Ratio 

Array, dimensioned by Navigation^ 
Indices, of Velocities 

The following table describes the data types required by this part and defined 
in the package specification of Vaypoint_Steering: 

| Name 

TurningDirections 

Turning Statuses 

Range | Description I 
Left Turn, 
RigHtJTurn 

Turning, 
NotTurning 

Indicates if the missile needs to make 
a right or a left-hand turn to go to 
the next waypolnt 

Indicates whether or not the missile is 
currently turning 

3.3.4.1.9.2.10.3.8 LIMITATIONS 

None. 

3.3.4.1.9.3 TURN_TEST_0PERATI0NS (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P112-0) 

This part contains the operations required to determine if a missile should be 
in turning or nonturning flight. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 
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V 
3.3.4.1.9.3.1 REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

| StopJTest      | R178 | 
I Start Test     | R179 | 

3.3.4.1.9.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined when this part was 
specified: 

Data types: 

The following table summarizes the generic formal types required by this part: 

|    Name |    Type |    Description | 

| Distances  |  floating        | Data type of distance measurements | 

3.3.4.1.9.3.4 LOCAL DATA 

None. 

3.3.4.1.9.3.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.3.6 PROCESSING 

The following describes  the processing performed by this part: 

separate (Waypoint_Steering) 
package body Turn_Test_Operations is 

function Stop Test 
(Distance_to_B : Distances; 
Nonturning_Distance : Distances; 
Lead Distance : Distances) 
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return Turning_Statuses is separate; 

function Start Test 
(DTstance_to_B : Distances; 
Turning_Distance        : Distances; 
Lead_Distance : Distances) 

return Turning_Statuses is separate; 

end Turn_Test_Operations; 

3.3.4.1.9.3.7     UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Data types: 

The following table summaiizes the types required by this part and defined 
elsewhere in the parent top level component: 

| Name | Range     | Description | 

.^    I TurningStatuses  | Turning,    | Indicates whether or not the missile is| 
•    I I NotJTurning j currently turning 

3.3.4.1.9.3.8 LIMITATIONS 

None. 

3.3.4.1.9.3.9 LLCSC DESIGN 

None. 

3.3.4.1.9.3.10 UNIT DESIGN 

3.3.4.1.9.3.10.1    STOFJTEST (FUNCTION BODY)  UNIT DESIGN 

This part determines whether a missile should be in turning or nonturnlng 
flight. 

3.3.4.1.9.3.10.1.1    REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R178. 
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3.3.4.1.9.3.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.3.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type | Mode | Description 

Distance_ 
to_B 

NonIurning_ 
Distance 

Lead_ 
Distance 

Distances 

Distances 

Distances 

In 

In 

In 

Distance from missile position to 
current waypoint, B 

Distance from point of tangency of turn 
turn circle and next course segment, 
EC, to the next waypoint, C 

Distance at which a turn is started or 
stopped early to compensate for the 
delay in missile roll dynamics 

3.3.4.1.9.3.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type Value | Description 

| Turn_Status | Turning_ | N/A    | Turning or nonturning status of the 
j j  Statuses j       j missile 

3.3.4.1.9.3.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.3.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Waypoint_Steering.Turn_Test_Operations) 
function StopJTest 

(Distance_to_B : Distances; 
Nonturning_Distance : Distances; 
Lead Distance : Distances) return Turning Statuses is 

-declaration section- 
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Turn_Status   :  Turning_Statuses  := Turning; 

—begin function Stop Test- 

begin 

if Distance_to_B <> (Lead_Distance + Nonturning_Oistance) then 
Turn_Status :- NotTurning; 

end if; 

return Turn_Status; 

end Stop_Test; 

3.3.4.1.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic parameters to the Turn_Test_Operations package: 

| Name    | Type     | Description | 

| Distances | floating   | Data type of distance measurements | 

The following table summarizes the types required by this part and defined in 
the package specification of Vaypoint_Steering: 

| Nam« | Range     | Description | 

| Turning_Statuses  | Turning,    | Indicates whether or not the missile is| 
I j Not Turning j currently turning j 

3.3.4.1.9.3.10.1.8 LIMITATIONS 

None. 

3.3.4.1.9.3.10.2 STARTJTEST (FUNCTION BODY) UNIT DESIGN 

This part determines whether a missile should be in turning or nonturning 
flight. 
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3.3.4.1.9.3.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R179. 

3.3.4.1.9.3.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.3.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type | Mode | Description 

Distance_ 
to_B 

Turning_ 
Distance 

Lead_ 
Distance 

| Distances | In 

I 
| Distances | In 

Distances  In 

Distance from missile position to 
current waypoint, B 

Distance from point of tangency of turn 
turn circle and current course segment, 
EC, to the current waypoint, C 
Distance at which a turn is started or 
stopped early to compensate for the 
delay in missile roll dynamics 

3.3.4.1.9.3.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name Type Value    |    Description 

Turn_Status  | Turning_    | N/A 
j    Statuses  j 

| Turning or nonturning status of the 
|    missile 

3.3.4.1.9.3.10.2.5    PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.3.10.2.6    PROCESSING 

The following describes  the processing performed by this part: 

separate (Waypoint_Steering.Turn_Test_Operations) 
function Start Test 

(Dlstance_to_B : Distances; 
Turning Distance        : Distances; 



CAMP Software Detailed Design Document Page 459 

Lead_Distance ; Distances) return Turning_Statuses is 

— —declaration section- 

Turn_Status  : Turning_Stctuses  :» NotJTurning; 

—begin function Start Test- 

begin 

if Dlstance_to_B <■ (Lead_Distance + Turning_Distance)  then 
Turn_Status  :■ Turning; 

end if; 

return Turn_Status; 

end StartTest; 

3.3.4.1.9.3.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent  top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic parameters to the Turn_Test_Operations package: 

|     Name |    Type |    Description | 

|  Distances  |  floating        | Data type of distance measurements | 

The following table summarizes the types required by this part and defined in 
the package specification of Waypoint_Steering: 

|    Name |    Range |    Description | 

|  Turning_Statuses      |  Turning, |  Indicates whether or not the missile is| 
I I    Not_Turning j    currently turning 

3.3.4.1.9.3.10.2.8    LIMITATIONS 

6$        None. 

t 
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3.3.4.1.9.4    STEERING_VECTOR_OPERATIONS_WITH_ARCSIN (PACKAGE BODY)  PACKAGE DESIGN 
(CATALOG #P1048-0) 

This package contains operations to do the following:    o Initialize the 
waypoint steering vectors when supplied with the latitude and longitude of the 
past,   current,  and next waypoints o Update the waypoint steering vectors when 
supplied with the latitude and longitude of the "new" waypoint,  C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UN_B) and the segment unit 
tangent vector (UT_B). 

It does not make the assumption that alphasin(alpha) when doing its 
computations. 

The decomposition for this part is  the same as that shown in the Top-Level 
Design Document. 

3.3.4.1.9.4.1    REQUIREMENTS ALLOCATION 

The following table summarizes the allocation of CAMP requirements to this 
part: 

|    Name |    Requirements Allocation | 

|  Initialize |    N/A | 
j  Update I    N/A j 

3.3.4.1.9.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined with the specification 
for this part. 

Data types: 

The following table summarizes t^e generic formal types required by this part: 
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|  Name Type Description 

Used to dimension Unit_Vectors 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type used to define latitude and 
longitude measurements 

Radian units of angular measurement 

Data type used to define results of a sine 
or cosine function 

Array of nSin_Cos_Ratio', dimensioned by 
Indices 

Indices 

Earth_Distances 

Segment_ 
Distances 

Earth_Positions 

Radians 

Sin_Cos_Ratio 

Unit Vectors 

discrete 
type 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

array 

Data objects: 

The following table describes the generic formal objects required by this part: 

Name I Type | Value | Description I 
| Earth Radius | Earth      | n/a 
j j    Distances       j j 

Radius of the Earth 

Subprograms: 

The following table describes  the generic formal subroutines required by this 
part: 

|  Name  | Type Description 

it*« 

Arcsin 
Cross_ 
Product| 

Vector 
LengtH 

Sin Cos 

function | Multiplication operator defining the operation: 
j  SinCosRatio * Earth_Distances -> 
j  Segment_Distances 

function j Operator defining the operation: 
| ünit_Vectors / Sin_Cos_Ratio -> Unit_Vectors 

function j Arcsin function (must return radians) 
procedure j Cross product function 

function j Calculates the length of a vector 

procedure j Calculates the sine and cosine of an input value 

3.3.4.1.9.4.4 LOCAL DATA 

^   Data objects: 
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The following table describes  the data objects maintained by this part: 
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Name Type Value 

N/A 

N/A 

Description 

Unit Radial B 

Unit Radial C 

Unit Vectors 

Unit Vectors 

Unit radial vector to waypoint B 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
B 

Unit radial vector to waypoint C 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
C 

3.3.4.1.9.4.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.4.6 PROCESSING 

The following describes the processing performed by this part: 

with Geometric_Operations; 
separate (Waypoint Steering) 
package body SteerTng_Vector_Operations_with_Arcsin is 

package Geo renames Geometric_Operations; 

— —instantiate required parts- 

function U_R_Vector is new 
Geo.Unit_Radial_Vector (Indices -> Indices, 

Earth_Positions -> Earth_Positions, 
Sin Cos Ratio     •> Sin Cos Ratio, 
Unit_Vectors       -> Unit_Vectors)} 

procedure Compute_Segment and_U_Nl_Vector is new 
Geo. Compu teSegmen t_and_Uni t_Normal_Vec tor_wi th_Arcs in 

(Indices 
Earth_Distances 
Segment_Distances 
Radians 
Sin_Cos_Ratio 
Unit Vectors 
EartE Radius 

>> Indices, 
-> Earth_Dlstances, 
-> Segment_Distances, 
■> Radians, 
^> Sin_Cos_Ratio, 
»> Unit Vectors, 
=> EartE Radius); 

— —local declarations- 
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Unit_Radial B : Unit_Vectors; 
Unit_Radial~C : Unit_Vectors; 

end Steering_Vector_Operations_with_Arcsin; 

3.3.4.1.9.4.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part: 
1. Geoinetric_Operations package (Geo) 

UTILIZATION OF EXTERNAL ELEMENTS: 

Subprograms and task entries: 

The following table summarizes the external subroutines and task entries 
required by this part: 

|  Name 

Uni t_Radial_Vector 

Compu teSegment_and_ 
Uni t_Nörinal_Vector~ 
with~Arcsin~ 

Type Source | Description | 

Geo     Computes a unit radial vector 

Geo     Computes segment distance 
and unit normal vector 

generic 
function 

generic 
function 

3.3.4.1.9.4.8 LIMITATIONS 

None. 

3.3.4.1.9.4.9 LLCSC DESIGN 

None. 

3.3.4.1.9.4.10 UNIT DESIGN 

3.3.4.1.9.4.10.1 INITIALIZE (PROCEDURE BODY) UNIT DESIGN 

This part initializes the waypoint steering vectors when supplied with the 
latitude and longitude of the past (A), present (B), and next (C) waypoints. 

This part initializes the waypoint steering vectors for the "current" course 
segment AB, as well as for the "next" course segment BC. 

3.3.4.1.9.4.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R170. 
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3.3.4.1.9.4.10.1.2    LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.4.10.1.3    INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description             | 

Vaypoint A Lat, Earth Positions in Latitude and longitude of 
Waypoint_Ä_Long 

Vaypoint B Lat, Earth Positions in 
the "previous" vaypoint 

Latitude and longitude of 
Waypoint I Long 

Vaypoint C Lat, Earth Positions in 
the "current" vaypoint 

Latitude and longitude of 
Vaypoint C Long 
Unit Normal B, Unit Vectors out 

the "next" vaypoint 
Unit normal vectors for 

Unit Normal C segments AB and BC 
Unit Tangent B, Unit Vectors out Unit tangent vectors for 
Unit_Tangent_C 
Segment_BC_ 
Distance "" 

Segment^ 
Distances 

out 
segments AB and BC 

Great circle arclength 
between waypoints B and C 

3.3.4.1.9.4.10.1.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name Type |    Value Description 

Temp UN B 
Temp~UN~C 
Unit~Ra3ial_A 

V Length 

Unit_Vectors 
Unit_Vectors 
Unit_Vectors 

Sin Cos Ratio 

N/A 
N/A 
N/A 

N/A 

Temporary Unit_Normal_B vector 
Temporary Unit~Normal~C vector 
Unit radial vector pointing to 
waypoint A 

Vector length 

3.3.4.1.9.4.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.4.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Initialize 
(Vaypoint A Lat : in Earth Positions; 
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I ■r 
Waypoint_A_Long in Earth_Positions; 
Waypoint_B_Lat in Earth_Positions; 
Waypoint B Long in Earth_Positions; 
Waypoint_C_Lat in Earth Positions; 
Waypoint C Long • in Earth Positions; 
Unit Normal B out Unit_Vectors; 
Unit-Normal C out Unit Vectors; 
Unit_Tangent_B out Unit_Vectors; 
UnitJTangent C out Unit_Vectors; 
Segmen t_BC_DTs tance out Segmen t_Dis tances) 

—declaration section- 

Temp UN B   : Unit Vectors; 
Temp UN'C    : Unit-Vectors; 
Unit Ra3ial_A : Unit Vectors; 
VLength    : Sin_Cos_Ratio; 

—begin procedure Initialize- 

begin 

SX«. 

• 
—compute unit radial vectors 

is 

Unit_Radial_A :- UR_Vector(Lat_of Point -> Waypoin^A^t, 
Long o? Point ■> Waypoint_A Long); 

Unit_Radlal_B :- U_R_Vector(Lat_ö£ Foint -> Waypoint_B~Latf 
Long_oI Point -> Waypoint"B~Long); 

Unit_Radial_C :- U_R_Vector(Lat_of Point -> WaypointjTLat, 
Long_oI_Point -> Waypoint-C_Long); 

—compute UNB 

Temp_UN_B 

V_Length 
Temp_UN B 
Unit_Normal_B 

—compute UT B 

Cross Product(Le£t    -> Unit Radial B, 
Right -> Unit-RadialJO; 

Vector Length(Temp UN_B); 
Temp_Wi B / V_Length; 
Temp-UN-ß; 

ft 

Unit Tangent_B :- Cross Product(Le£t -> Temp_UN B, 
Right -> Unlt_Ra3ial_B); 

—compute UN_C and segment BC distance 

Compute_Segment and_U_Nl_Vector 
(Unit_RadialT   -> Unit_Radial_B, 
Unit_Radial2   -> Unit_Radial_C, 
Unit_Normal2   -> Temp_UN_C, 
Segment_Distance -> Segment_BC_Distance); 

Unit_Normal_C :» Temp_UN_C; 
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—compute UT_C 

Unlt_Tangent_C 

end Initialize; 

:= Cross_Product(Left => Temp UN C, 
Right => UniTRaHial C); 

3.3.4.1.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and instantiated in the body of the Steering_Vector_Operations 
package: 

| Name I Type | Description 

| U_R_Vector | function 
j Compute Segment and _ j function 
j U Nl Vector  "     j 

| Computes a unit radial vector 
j Computes segment distance and unit 
j normal vector 

The following table describes the subroutines required by this part and defined 
as generic formal subroutines to the Steering_Vector_Operations package: 

{ Name 

n/n 

Cross_ 
Product 

Vector 
LengtH 

| Type    | Description 

function 

procedure 

Operator defining the operation: 
Unit_Vectors / Sin Cos_Ratio -> Unit_Vectors 

Cross product function ~ ~ 

function j Calculates the length of a vector 

Data types: 

The following data types are required by this part and defined as generic 
parameters to the Steering Vector Operations package: 
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Name 

Indices 

Earth_Distances 

Segmen t_ 
Distances 
Earth_Positions 

SinCosRatio 

Unit Vectors 

Type Description 

Used to dimension Unit_Vectors 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type used to define latitude and 
longitude measurements 

Data type used to define results of a sine 
or cosine function 

Array of "Sin_Cos_Ratio" dimensioned by 
Indices 

discrete 
type 

floating 
point type 
floating 
point type 

floating 
point type 

floating 
point type 

array 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Steering Vector Operations: 

| Name 

Unit Radial B 

Unit Radial C 

Type | Value Description 

Unit Vectors 

Unit Vectors 

N/A 

N/A 

Unit radial vector to waypoint B 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
B 

Unit radial vector to waypoint C 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
C 

3.3.4.1.9.4.10.1.8 LIMITATIONS 

None. 

3.3.4.1.9.4.10.2 UPDATE (PROCEDURE BODY) UNIT DESIGN 

This part updates the waypoint steering vectors when supplied with the latitude 
and longitude of the "new" waypoint» C. 

The waypoint steering vectors for a course segment, extending from waypoint A 
to waypoint B, are the segment unit normal vector (UN_B) and the segment unit 
tangent vector (UTB). 
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3.3.A.1.9.4.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R171. 

3.3.4.1.9.4.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.9.4.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode  | Description 

Waypoint_C_Lat, 
Waypoint_C_Long 

Unit Normal B, 
Unit NormaT_C 

Unit_Tangent_B, 
Unit_Tangent_C 

Segment_BC_ 
Distance 

Earth_Positions 

Unit_Vectors 

Unit_Vectors 

Segment_ 
Distances 

in 

out 
in out 
out 
in out 
out 

Latitude and longitude of 
the "next" waypoint 

Unit normal vectors for 
segments AB and BC 

Unit tangent vectors for 
segments AB and BC 

Great circle arclength 
between waypoints B and C 

3.3.4.1.9.4.10.2.4 LOCAL DATA 

None. 

3.3.4.1.9.4.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.9.4.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update 
(Waypoint_C_Lat 
Vaypo i n t_C~Long 
Unit_NormaT_B 
Unit_Normal~C 
UnitTangentB 
UnitJTangent C 
Segmen t_BC_DTs t ance 

begin 

in   EarthPositions; 
in   Earth_Positions; 

out Unit_Vectors; 
in out Unit~Vectors; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Segment_Distances) is 

—advance "C" vectors into "B" vectors 

Unit Radial B :- Unit Radial C; 
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Unit_Normal_B 
Unit Tangent B 

A* 

Unit Normal_C; 
Unit~Tangent_C; 

—calculate new values 

UnitRadialC    :- U_R_Vector(Lat_of Point    -> Waypoint_C_Lat, 
Long_oI_Point »> Waypoint_C_Long); 

Compute_Segment and U_N1 Vector 
(Unit_RadialT     ~ -> Önit_Radial_B, 
Unit_Radial2 -> Unlt_Radlal_Cf 
Unit_Normal2 -> Unit_Normal_C, 
Segment_Distance ■> Segment_BC_Distance); 

Unit_Tangent_C :» Cross_Product(Left    »> Unit Normal_C, 
Right -> Unit~Radlal_C); 

end Update; 

3.3.4.1.9.4.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and instantiated in the body of the Steering_Vector_Operations 
package: 

|    Name Type |    Description 

|  U_R_Vector |   function 
I Compute Segment and _ j  function 
I    U Nl Vector      " I 

Computes a unit radial vector 
Computes segment distance and unit 

normal vector 

The following table describes the subroutines required by this part and defined 
as generic formal subroutines to the Steering_Vector_Operations package: 

Name Type Description 

| Cross_ | procedure | Cross product function 
j Product j 

Data types: 

^v.        The following data types are required by this part and defined as generic 
■Vj^J"        parameters to the SteeringVectorOperations package: 
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Name I  Type Description 

Indices 

Earth_Distances 

Segment_ 
Distances 

EarthPositions 

Sin_Cos_Ratio 

Unit Vectors 

discrete 
type 

floating 
point type 

floating 
point type 
floating 
point type 
floating 
point type 

array 

Used to dimension Unit_Vectors 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data type used to define latitude and 
longitude measurements 

Data type used to define results of a sine 
or cosine function 

Array of "Sin_Cos_Ratiol, dimensioned by 
Indices 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Steering_Vector_Operations: 

| Name 

Unit Radial B 

Unit Radial C 

Type | Value | Description 

Unit Vectors 

Unit Vectors 

N/A 

N/A 

Unit radial vector to waypoint B 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
B 

Unit radial vector to waypoint C 
extending outwards from the 
origin of the Earth-centered 
reference frame towards waypoint 
C 

3.3.4.1.9.4.10.2.8 LIMITATIONS 

None. 

3.3.4.1.10 UNIT DESIGN 

3.3.4.1.10.1 COMPUTE TURN ANGLE_AND_DIRECTION (PROCEDURE BODY) UNIT DESI^M 
(CATALOG #PT08-0T 

Using the waypoint steering vectors, this part computes the tangent of one-half 
the turn angle along with the turn direction. 

3.3.4.1.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R172. 
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3.3.4.1.10.1.2    LOCAL ENTITIES DESIGN 

None. 
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3.3.4.1.10.1.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were defined when this part was previously 
specified. 

Data types: 

The following "able describes the generic formal types required by this part: 

| Name 

Unit_Vectors 

Sin_Cos_Ratio 

Tan Ratio 

Type | Description 

tiA. 

private 

floating 
point type 
floating 
point type 

One-dimensional,   three-element arrays 
defining the waypoint steering vectors 

Data type of results of sine/cosine 
operations 

Data type of results of tangent operations 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type 

function 

function 

function 

Description 

Dot Product 

Addition operator defining the operation: 
Tan_Ratio + Sin_Cos Ratio ■> Tan_Ratio 
Division operator defining the operation: 
Sin_Cos_Ratio / Tan_Ratio -> TanRatio 

Calculates the dot product of two Unit Vectors 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|  Name 

Unit_Normal_C 

Unit_Tangent_B 

Unit_Tangent_C 

Tan_of_One_Half 
Turn_Angle 

Turn Direction 

Type 

Unit_Vectors 

Unit_Vectors 

Unit_Vectors 

Tan Ratio 

Turning 
Directions 

Mode 

in 

in 

in 

out 

out 

Description I 
Segment BC unit normal vector 
with x, y, and z components 
Segment AB unit tangent vector 
with x, y, and z components 
Segment BC unit tangent vector 
with x, y, and z components 

Tangent of one-half the angle 
between the current course 
segment and the next course 
segment 
Indicates if missile is to 
make a right- or left-hand 
turn 

3.3.4.1.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type   | Value | Description 

| Cos_of Turn_Angle, 
| Sin_oI_Turn_Angle 

Sin_Cos_ | N/A   | Sine and cosine of the angle 
Ratio  j      | between the current and next 

I       j course segments 

3.3.4.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Vaypoint Steering) 
procedure Compute_Turn_Angle_and_Direction 

(Unit_Normal_C 
Uni t_Tangent_B 
Unit_Tangent~C 
Tan_of One_Half_Turn_Angle 
Turn Direction 

in Unit_Vectors; 
in Unit~Vectors; 
in Unit~Vectors; 

out TanJRatio; 
out Turning Directions) is 

—declaration section- 

Tan of Half : Tan Ratio renames Tan of One Half Turn Angle; 
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Cos_of_Turn_Angle : Sin_Cos_Ratio; 
Sin of Turn_Angle : Sin Cos Ratio; 

—begin procedure Compute Turn Angle and Direction- 

begin 

Cos_of_Turn_Angle :- Dot_Product(Left -> Unit_Tangent_B, 
Right -> Unlt_Tangent_C); 

Sin_of_Turn_Angle :- Dot_Product(Left -> Unit_Tangent B, 
Right -> Unlt_Normal_C); 

Tan_of_Half :- ABS(Sin_of_Turn_Angle / 
(Tan_Ratio(lTO) + Cos_of_Turn_Angle)); 

if Sinof Turn Angle < 0.0 then 
Turn_DTrectTon :- Left_Turn; 

else 
Turn_Direction :- RightTurn; 

end if; 

end Compute_Turn_Angle_and_Di rec t ion; 

3.3.4.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.1.10.1.8 LIMITATIONS 

None. 

3.3.4.1.10.2    DISTANCE_TO_CURRENT WAYP0INT (FUNCTION BODY)  UNIT DESIGN (CATALOG 
#P110-0) 

This part computes the distance from the missile's position to the current 
vaypoint, B. 

3.3.4.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R176. 

3.3.4.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.4.1.10.2.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined with this part's 
specification. 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Unit_Vectors 

Sin_Cos_Ratio 

Tan_Ratio 

Earth_Distances 

Segment_ 
Distances 

I Type 

private 

floating 
point type 
floating 
point type 
floating 
point type 
floating 
point type 

| Description I 
One dimensional, three-element array of 
Sin CosRatio 

Results öf sine/cosine operations 

Results of tangent operation 

Data type used to define distance 
measurements of the Earth's radius 

Data type used to define distance 
measurements of the navigation segments 

Data objects: 

The following table describes the generic formal objects required by this part: 

|    Name I    Type |    Value    |    Description 

|  EarthRadius  |  Earth_ 
j j Distances 

n/a    | Radius of the Earth 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description I 
| Dot_Product 

I 
I 

function | Computes the dot product of two unit vectors 
function j Multiplication operator defining the operation:  j 

| Sin_Cos_Ratio * Earth_Distances »>           j 
j Segment Distances 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name Type 

Unit_Vectors 

Unit Vectors 

Mode  | Description 

Unit 
Radial M 

Unit_ 
Tangent B 

in 

in 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit tangent vector 

3,3.4.1.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name | Type   | Value | Description 

| Dot_Prod_ | Sin Cos_ | N/A 
I Result  I Ratio 

| Due to the geometry, this value ends up 
| being the angle between URM and URB 

3.3.4.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Vaypoint_Steering) 
function Distance_to Current_Waypoint 

(Unit_Ra3ial_M    :  Unit_Vectors5 
Unit_Tangent_B  :  Unit_Vectors) return Segment_Distances is 

 local declarations- 

Dot Prod Result  :  Sin Cos Ratio; 

—begin function Distance_To_Current_Waypoint- 

begin 

— —dot product of UR_M and UTJB,  because of the geometry,  equals 
 the angle between URM and UR B 

Dot_Prod_Result :- DotProduct TLeft    -> UnitRadial M, 
Right -> Unit_Tangent_B); 
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return Dot_Prod Result * Earth_Radius; 
end Distance_to_Current_Waypoint; 

3.3.4.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.1.10.2.8 LIMITATIONS 

None. 

3.3.4.1.10.3 COMPUTE TURNING AND_NONTURNING DISTANCES(PROCEDURE BODY) UNIT DESIGN 
(CATALOG #PTll-0) 

This part computes the missile turning distance projected onto the current 
course segment, AB, and the missile nonturning distance measured along the next 
course segment, BC. 

3.3.4.1.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R177. 

3.3.4.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS; 

The following generic parameters were previously defined when this part was 
specified. 

Data types: 

The following table describes the generic formal types required by this part: 

| Name    | Type     |  Description | 

| Distances | floating | Data type of distance measurements           | 
I I point type | ! 
| Tan_Ratio | floating j Data type of results of tangent operation 
I I point type | | 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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WH M 

| Name ] Type | Description 

| function | Multiplication operator defining the operation: 
I        I Distances * Tan_Ratio ■> Distances 

FORMAL PARAMETERS! 

The following table describes this part's formal parameters: 

| Name I Type | Mode | Description I 
Tan of One Tan Ratio in 
Half Turn 
Angle 
Segment BC Distances in 
Distance 

Turn Radius Distances in    ! 
Turning Distances out   | 
Distance 

Nonturning Distances out   1 
Distance 

Tangent of 1/2 the angle between 
current course segment and next course 
segment 

Great circle arc length between way- 
points B and C 

Desired missile turn radius 
Distance from the point of tangency of 
the turn circle and the current course 
segment AB to the current waypoint, B 

Distance from the point of tangency of 
the turn circle and th« next course 
segment BC to the next waypoint, C 

3.3.4.1.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name I    Type |    Value Description 

Temporary variable |  Temp_Turning_ | Distances  |  N/A 
j    Distance | j 

3.3.4.1.10.3.5    PROCESS CONTROL 

Not applicable. 

3.3.4.1.10.3.6    PROCESSING 

The following describes the processing performed by this part: 

separate (Waypoint Steering) 
procedure Compute_Turning_and_Nonturning_Distances 

(Tan~of_One_Half_Turn_Angle :  in TanRatio; 
Segment BCDistance :  in Distances; 
Turn Radius :  in Distances; 
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Turning Distance :        out Distances; 
Nonturnlng Distance :        out Distances)  is 

5 

— —declaration section- 

Temp_Turning_Distance : Distances; 

—begin procedure Compute_Turning_And_Nonturning_Distances- 

begin 

Temp Turning_Dlstance 
Turning Distance 
Nonturnlng Distance 

- TurnRadius * Tan_of_One_Half_Turn_Angle; 
- TempJTurning Distance; 
■ Segment_BC_DTstance -   Temp_Turning_Distance; 

end Compute_Turning_And_Nonturnlng_Distances; 

3.3.4.1.10.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.1.10.3.8 LIMITATIONS 

None. 

3.3.4.1.10.4 DISTANCE TOCURRENTWAYPOINTWITH ARCSIN (PUMCTION BODY) UNIT DESIGN 
(CATALOG #PlTl7-0) 

This part computes the distance from the missile's position to the current 
waypoint, B. 

It does not use the assumption that alphasin(alpha) when doing its 
computations. 

3.3.4.1.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R. 

3.3.4.1.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.1.10.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 



CAMP Software Detailed Design Document Page 479 

The following generic parameters were previously defined with this part's 
specification. 

Data types: 

The following table describes the generic formal types required by this part: 

|    Name 

Unlt_Vectors 

Radians 

Sin_Cos_Ratio 

TanRatio 

Earth_Distances 

Segment_ 
Distances 

Type |  Description 

private 

floating 
point type 

floating 
point type 

floating 
point type 

floating 
point type 
floating 
point type 

One dimensional, three-element array of 
Sin_Cos_Ratio 

Radian units of angular measurement 

Results of sine/cosine operations 

Results of tangent operation 

Data type used to define distance 
measurements of the Earth's radius 
Data type used to define distance 
measurements of the navigation segments 

Data objects: 

The following table describes the generic formal objects required by this part: 

| Name Type Value | Description 

| EarthRadius | Earth_     | n/a 
I | Distances 

Radius of the Earth 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name Type | Description 

Dot_Product | function | Computes the dot product of two unit vectors    | 
"*"       I function j Multiplication operator defining the operation:  | 

j        j Radians * Earth Distances -> Segment Distances 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name |  Type      |  Mode 

Unit_Vectors | in 

Unit Vectors  in 

Description 

Unit 
Radial M 

Unit_ 
Tangent B 

Unit radial vector to the missile 
extending outward from the origin 
of the Earth-centered reference 
frame 

Segment AB unit tangent vector 

3.3.4.1.10.4.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name I Type Value Description 

| Dot_Prod_ | Sin_Cos_ | N/A 
I Result  I Ratio  j 

Due to the geometry, this value ends up 
being the angle between UR M and UR B 

3.3.4.1.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.4.1.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Waypoint_Steering) 
function Distance_to Current_Waypoint with Arcsin 

(Unit_Ra3ial_M : Unit_VectorsT 
Unit_Tangent_B : Unit_Vectors) return Segment_Distances is 

— —local declarations- 

Dot Prod Result : Sin Cos Ratio; 

-begin function Distance To Current Waypoint- 

begin 

 dot product of URM and UT_B, because of the geometry, equals 
 the angle between UR N and UR B 

DotProdResult :- Dot~Product TLeft -> Unit Radial_M, 
Right «> UnifTangent B); 
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return Arcsin(Dot_Prod_Result) * Earth_Radius; 

end Distance_to_Current_Waypoint_with_Arcsln; 

3.3.4.1.10.4.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.1.10.4.8 LIMITATIONS 

None. 
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package body WaypointSteering is 

package body Steering_Vector_Operations is separate; 

package body Steering_Vector_Operations_With_Arcsin is separate; 

procedure Coinpute_Turn_Angle And_Direction 
(Unit_Normal_C 
Unit_Tangent_B 
Unit_Tangent_C 
Tan_Öf One_Half_Turn_Angle 
Turn_DTrection 
is separate; 

in Unit_Vectors; 
in Unit_Vectors; 
in   Unit_Vectors; 

out TanRatio; 
out Turning_Directlons) 

package body Crosstrack_And_Heading_Error_Operations is separate; 

function DistanceJTo Current Vaypoint 
(Unit_Ra<Iial_M T Unit_Vectors; 
Unit_Tangent_B : Unit_Vectors) 
return SegmenT_Distances is separate; 

function DistanceJTo Current Vaypoint_Vith Arcsin 
(Unit Ra3ial_M T Unit Vectors? 
Unit~Tangent_B t  Unit"Vectors) 
return Segment_Distances is separate; 

procedure ComputeTurning And_Nonturning_Distances 
(Tan~Of_One_Ialf~Turn_Angle~: in Tan_Ratio; 
Segment Bc~Distance : in Distances; 
Turn Radius : in    Distances; 
Turning Distance        :   out Distances; 
NonturnIng_Distance      :   out Distances) is separate; 

package body Turn_Test_Operations is separate; 

end Waypoint_Steering; 
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with Geometric_Operations; 
separate (Vaypoint Steering) 
package body SteerTng_Vector_Operations is 

package Geo renames Geometric Operations; 
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—  — insiantia'e required parts- 

function U R Vector is new 
Geo.Uni t_Radial_Vector (Indice?                   »> Indices, 

Earth Positions -> Earth Positions, 
Sin Cos Ratio     -> Sin Cos Ratio, 
Unit Vectors        -> Unit Vectors); 

procedure Compute_Segment_And_U_Nl_Vector is new 
Geo.Compute Segment And Unit Normal Vector 

(Indices ■> Indices, 
Earth_Distances -> Earth_Distances, 
Segmen t_Di stances => Segment_Distances. 
Sin Cos Ratio -> Sin Cos Ratio, 
Unit Vectors -> Unit Vectors, 
EartHjRadius -> EartH_Radius); 

— — local declarations- 

Unit Radial B :  Unit Vectors; 
• 

Unit^Radial_C :  UnlTVectors; 

— —separate procedures- 

< 

procedure Initialize 
(Waypoint_A_Lat 
Waypoint_A_Long 
Waypolnt~B_Lat 
Waypo1n t~B~Long 
Waypolnt~C~Lat 
WaypoInt~C~Long 
Unit Norial B 
Unlt~Normal~C 
Uni t_Tangent_B 
Unit_Tangent C 
Segment_Bc_DTstance 

procedure Update 
(Waypoint_C_Lat 
Waypoint_C Long 
Unit NormaT_B 
Uni t~Normal_C 
Unit~Tangent_B 
Unlt_Tangent C 
Segmen t_Bc_DTstance 

in EarthJPositions; 
in Earth_Positions; 
in Earth'Positions; 
in Earth'Fositions; 
In Ear th_Pos11 ions; 
in Earth~Positions; 
out Unit_Vectors; 
out Unit~Vectors; 
out Unit_Vectors; 
out Unit_Vectors; 
out Segment_Distances) is separate; 

in    Earth_Positions; 
in    Earth Positions; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Unit_Vectors; 
in out UnitVectors; 

out Segment_Distances) is separate; 
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end Steering_Vector_Operations; 
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separate (Waypoint_Steering.Steer 
procedure Initialize 

(Waypoint_A_Lat 
Waypoint_A_Long 
Waypoint_B_Lat 
Waypo i n t_B_Long 
Waypoint_C_Lat 
Waypoint_C Long 
Uni t_NormaT_B 
Unit_Normal_C 
Unit_Tangent_B 
UnitTangent C 
Segment_Bc_DTstance 

ing Vector Operations) 

in Earth_Positions; 
in Earth_Positions; 
in Earth_Positions; 
in Earth_Positions; 
in EarthPositions; 
in Earth_Positions; 
out Unit_Vectors; 
out Unit~Vectors; 
out Unit~Vectors; 
out Unit~Vectors; 
out Segment_Distances) is 

— —declaration section- 

Temp  Un_B 
Temp_Un C 
Unit~RaHial_A 
V Length 

Unit_Vectors; 
Unit_Vectors; 
Unit~Vectors; 
Sin Cos Ratio; 

— begin procedure Initialiu- 

begin 

— —compute unit radial vectors 

Unit_Radial_A :. 

Unit_Radial_B :. 

Unit_Radlal_C := 

— compute i'NB 

Temp_Un_B 

VLength 
Temp_Un_B 
Unit_Nornial_B 

— compute UTB 

Unit Tangent B 

U_R_Vector(Lat_Of Point 
Long 0? Point 

U_R_Vector(Lat_Öf Point 
Long 0l_Point 

U_R_Vector(Lat_Ö£ Point 
Long 07 Point 

i 

-> Waypoint_A_Lat, 
-> Waypolnt~A~Long); 
»> Waypolnt~B~Lat, 
«> Waypolnt~B~Long); 
-> Waypoint_C_Lat, 
■> Waypolnt_C_Long); 

;- Cross_Product(Le£t -> Unit Radial B, 
Right -> Unit~Radlal~A); 

: ■ Vec tor_Length(Teinp_Un_B); 
:- Temp_Un_B / V_Length; 
:- Temp_Un~B; 

Cross_Product(Left »> Temp_Un B, 
Right -> Unit Racial B); 

— — compute UN C and segment BC distance 

Compute_Segment And U Nl Vector 
(Unit_RadialT ~ -> Ünit_Radial_B, 
Unit_Radial2 -> Unit_Radial_C, 
Unit Normal2    -> Temp Un C, 

i 
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Segment_Distance =>  Segment_Bc_Distance); 

Uni t_Normal_C    := Temp_Un_C; 

— — compute UTC 

Unit_Tangent_C := Cross_Product(Left    »> Temp Un C, 
Right => Unit^Ra3ial_C); 

end Initialize; 
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separate (Waypoint_Steering.SteeringVectorOperations) 
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procedure Update 
(Waypoint_C_Lat 
Waypoint_C Long 
Unit_Norm3T_B 
Uni t_Normal_C 
Unit_Tangent_B 
UnitJTangent C 
Segment_Bc_DTs tance 

begin 

in   Earth_Positions; 
in    Earth_Positions; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Unit_Vectors; 
In out Unit_Vectors; 

out Segment_Distances) is 

— —advance "C" vectors into "B" vectors 

Unit_Radial B 
Uni t_Normal~B 
Uni t_Tangent_B 

- Unit_Radial_C; 
- Unit_Normal~C; 
■ Unit_Tangent_C; 

- calculate new values 

Unit Radial C U R_Vector(Lat_Of Point 
Long_Ol_Point 

.> Waypoint_C_Lat, 
•> Waypoint_C~Lon8)» 

Compute Segment And U_N1 Vector 
(Unit_RadialT     " -> Unit Radial B, 
Unit_Radial2 -> Unit"Radial"C, 
Unit_Normal2 -> ünit_Normal"C, 
Segment Distance -> Segment Be Distance); <ä 

Unit Tangent C 

end Update; 

Cross Product(Le£t    -> Unit_Normal C, 
Right -> Unit_Radial~C); 
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separate (Uaypoint_Steering) 
procedure Compute_Turn_Angle_And_Direction 

(Unit_Normal_C : in   Unit_Vectors; 
Unit_Tangent_B : in   Unit~Vectors; 
Unit_Tangent_C : in   Unit^Vectors; 
TanOf One_Half_Turn_Angle :   out Tan_5atio; 
Turn Direction :   out Turning Directions) is 

—  — declaration seciion- 

TanOfHalf : TanRatio reiuures Tan_Of_One_Half_Turn_Angle; 

Cos_Of_Turn_Angle :  Sin_Cos_Ratio; 
Sin_Of_Turn_Angle :  Sin_Cos_Ratio; 

— begin procedure Compute Turn Angle and Direction- 

begin 

Cos 0£_Turn Angle :- Dot Product(Le£t    -> Unit Tangent B, 
Right -> Unit"Tang«nt~C); 

Sin Of TurnAngle :- Dot Product(Left    -> Unit_Tangent~B, 
Right -> Unlt"Nornal_C); 

Tan_0£_Half :- abs(Sin_Of_Turn_Angle / 
(Tan~Ratio(l70) + Cos_Of_Turn_Angle)); 

if Sin_0f Turn Angle < 0.0 then 
Turn_DlrectIon :• LeftJTurn; 

else 
Turn_Direction ;■ Right_Turn; 

end if; 

end Compute_Turn_Angle_And_Di rection; 
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separate (Waypoint_Steering) 
package body Crosstrack_And_Heading_Error_Operations is 
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procedure Compute_Vhen_Turning 
(Distance_To_B 
Nonturning Distance 
Unit_RadiaT_M 
Uni t_Normal_B 
UnitTangentB 
Turn_Direction 
Ground_Veloci ty 
TurnRadius 
Crosstrack_Brror 
Heading_Error 

procedure ComputeWhen Not Turning 

in Segment_Distances; 
in Segment_Distances; 
in Unit_Vectors; 
in Unit_Vectors; 
in Unit Vectors; 
in TurnIng_Directions; 
in Velocity_Vectors; 
in Segment_Distances; 
out Segment_Distances; 
out Angles) is separate; 

(Unit_RadTal_H 
Unit_Normal_B 
Ground_Veloci ty 
Crosstrack_Error 
Heading_Error 

procedure Compute 
(Distance_To_B 
Nonturning Distance 
Unit RadiaI_H 
Unit~Normal_B 
Unit_Tangent_B 
Turn_Direction 
TurnStatus 
Ground_Velocity 
Turn_Radius 
Crosstrack_Error 
Heading Error 

in Unit_Vectors; 
in Unit~Vectors; 
in Velocity_Vectors; 
out Segment_Distances; 
out Angles) is separate; 

in Segment_Distances; 
in Segment~Distances; 
in Unit_Vectors; 
in Unit_Vectors; 
in Unit Vectors; 
in TurnTng_Direct ions; 
in Turning~Statuses; 
in Velocity Vectors; 
in Segment_0is tances; 
out Segment~Distances; 
out Angles)~is separate; 

s 

end Crosstrack_And_Heading_Error_Operations; 
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separate (Waypoint_Steering.Crosstrack_And_Heading_Error_Operations) 
procedure Compute_When_Turning 

(Distance_To_B 
Nonturning Distance 
Unit_RadiaI_M 
Unit_Normal_B 
Unit_Tangent_B 
Turn~Direction 
Ground_Velocity 
Turn_Rädius 
Crosstrack_Error 
Heading Error 

in Segment_Distances; 
in Segment_Distances; 
in Unit_Vectors; 
in Unit_Vectors; 
in Unit Vectors; 
In TurnTng_Directions; 
in Velocity_Vectors; 
in Segment_Distances; 
out Segment_Distances; 
out Angles) is 

— declaration section- 

Crosstrack_Distance 
D_Y 
D_X 
D H_D_C 
Direction 
Dot_Prod_Result 
N_H_D_C 
R M 

Segment 
Segment^ 
SegmentJ 
Segment-! 
INTEGER; 
Sin_Cos_ 
SegmentJ 
SegmentJ 

Distances; 
Distances; 
Distances; 
Distances; 

Ratio; 
Distances; 
Distances; 

— begin procedure Compute When Tuming- 

begin 

— —convert turn direction to an integer value 

if TurnDirection ■ LeftTurn then 
Direction :- -1; 

else 
Direction :« 1; 

end if; 

— —get the sine of the angle (which approximately equals the angle) 
— — between the actual and desired URM. 
— —and then compute crosstrack distance 

Dot Prod_Result :- Dot Product (Left    -> ünit_Radial_M, 
Right -> Unit Normal_B); 

Crosstrack_Distance :- Dot_Prod_Result * Earth_Ra9ius; 

— — compute the radius of the circle that the missile is actually traversing 

D_Y :■ Turn_Radius - Crosstrack_Distance * Direction; 
D_X := Distance_To_B - Nonturning Distance; 
R~M :- Sqrt(D_X * D_X + D_Y * DYT; 

— — compute crosstrack error 

Crosstrack Error :■ (Turn Radius - R M) * Direction; 
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i 
—  —compute heading error 

N_H_D_C  := Direction * Unit_Tangent_B(Z)  * D X - 
Unit_Norinal_B(Z) * D_Y; 

DHDC := -Direction * Unit_Norraal_B(Z)  * D_X - 
Unit_Tangent_B(Z) * D_Y; 

HeadingError  := Arctan((N_H_D_C * Ground_Velocity(N) - 
D_H_D_C * Ground_Velocity(E)) / 

(DHDC * Ground_Velocity(N) + 
N_H_D_C * Ground_Velocity(E))); 

end Compute_Vhen_Turning; 

i 
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separate (Vaypoint Steering.Crosstrack And Heading Error Operations) 
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procedure Compute When Not Turning 
(Unit_RadTal_M 
Uni t_Normal_B 
Ground_Veloci ty 
Crosstrack_Error 
Heading Error 

in Unit_Vectors; 
in Unit_Vectors; 
in Velocity_Vectors; 
out Segment_Distances; 
out Angles) is 

— — local declarations- 

Dot Prod_Result 
D_H~D_C 
N H D C 

Sin_Cos_Ratio; 
Sin_Cos_Ratio; 
Sin Cos Ratio; 

— begin procedure Compute When Not Turning- 

begin 

r 
—get the sine of the angle (which approximately equals the anglet 
— between the actual and desired UR_M, 
—and then compute crosstrack distance/error 

Dot_Prod_Result    :■ 

Crosstrack_Error  :■ 

— —compute heading error 

Dot Product (Left    -> Unit RadialM, 
Right -> Unit"Norinal_B); 

Dot Prod Result * Earth Radius; 

N_H D C  :- - Unit Normal B(Z); 
D_H"D"C  :- Unit_Nörmal B^Y) * Unit Radial M(X) - 

Unit NormarB(X) * Unlt"Radial~M(Y); 

Heading_Error Arctan((N H D C 
D^H"D~C 
(D H"D~C 
N~H"D~C 

end Compute When Not Turning; 

Ground Velocity(N) - 
Ground~Velocity(E)) / 
Ground~Velocity(N) + 
Ground~Veloci ty(E))); 

# 
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separate (Waypoint_Steering.Crosstrack_, 
procedure Compute 

(Distance_To_B : in 
Nonturning Distance : in 
UnitRadialM : in 
Unit_Normal_B : in 
Unit_Tangent_B : in 
Turn_Direction : in 
Turn_Status : in 
Ground_Velocity : in 
Turn_Radius : in 
Crosstrack_Error : out 
Heading_Error : out 

begin 
if TurnStatus » Turning then 

Compu te_When_Turn i ng 
(Distance_To_B 
Nonturning Distance 
Unit_RadiaI_M 
Unit_Normal_B 
Unit~Tangent_B 
Turn_Direction 
Ground_Veloci ty 
Turn_Radius 
CrositrackError 
HeadingError 

else 
Compute When Not Turning 

"(Unit Radial_M -> 
Unit~Normal_B -> 
Ground_Veloci ty -> 
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end if; 
end Compute; 

Crosstrack_Brror -> 
Heading Error   =•> 

And_Head ing_Error_0pera 11ons) 

Segment_Distances; 
Segment_Distances; 
Unit_Vectors; 
Unit_Vectors; 
Unit Vectors; 
TurnTng_Directions; 
Turning_Statuses; 
Veloci ty_Vectors; 
Segmen t_Dis tances; 
Segment_Distances; 
Angles) is 

»> Distance_To_B 
m>  Nonturning Distance 
-> Unit_RadiaI_M 
-> Unit_Normal_B 
=> Unit~Tangent_B 
-> Turn_Directiön 
■> Ground_Velocity 
■> Turn_Ridius 
-> Crosstrack_Error 
■> Headlng_Error     ); 

Unlt_Radial M 
Unit_Noriiial~B , 
Ground_Velocity , 
Crosstrack_Error , 
Heading_Error ); 

i 

i 



# 

CAMP Software Detailed Design Document Page 495 

separate (Waypoint_Steering) 
function DistanceJTo Current_Waypoint 

(Unit_Ra3ial_M    :  Unit_Vectors; 
Unit_Tangent_B : Unit_Vectors)  return Segment_Distances is 

— — local declarations- 

Dot_Prod_Result  :  Sin_Cos_Ratio; 

— begin function Distance To Current Waypoint- 

begln 

— —dot product of URM end UTB, because of the geometry, equals 
— — the angle between UR M and UR B 

Dot_Prod_Result :- Dot_Product (Left »> Unit_Radial_M, 
Right -> Unlt_Tangent_B); 

return Dot_Prod_Result * Earth_Radius; 
end Distance To Current Vaypoint; 
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separate (Waypoint_Steering) 
procedure Compu te_Turning_And_Nonturning_Dis tances 

(Tan_Of_One_Half_Turn_Angle : in Tan_Ratio5 
Segment Bc_Distance : in Distances; 
Turn Radius : in Distances; 
Turning Distance : out Distances; 
Nonturning Distance : out Distances) is 
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4 

— — declaration section- 

Temp_Turning_Distance  :  Distances; 

— begin procedure Compute Turning And NonlumingDistances- 

begin 

Temp Turning_Distance 
Turning Distance 
Nonturnlng Distance 

- Turn_Radius * Tan_Of_One_Half_Turn_Angle; 
■ TempJTurning Distance; 
• Segment_Bc_Dlstance -    Temp_Turning_Distance; 

end Compute_Turning_And_Nonturnlng_Distances; 

i 
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separate (Vaypoint_Steering) 
package body Turn_Test_Operations is 

function StopTest 
(Distance_To_B     : Distances; 
Nonturning_Distance : Distances; 
Lead_Distance     : Distances) 
return Turning_Statuses is separate; 

function Start Test 
(DTstance_To_B     : Distances; 
TurningJÖistance   : Distances; 
Lead_Distance     : Distances) 
return Turning_Statuses is separate; 

end Turn Test Operations; 

r 
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separate (Waypoint_Steering.Turn_Test_Operations) 
function StopJTest 

(Distance_To_B     : Distances; 
Nonturning_Distance ; Distances; 
Lead Distance     : Distances) return Turning Statuses is 

■ declaration section- 

Turn_Status  : Turning_Statuses :■ Turning; 

• begin function Stop Test- 

begin 

if Distance_To_B <= (Lead_Distance + Nonturning_Distance)  then 
TurnStatus  :» Not Turning; 

end if; 

return Turn_Status; 

end StopTest; 

I 

« 
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separate (Waypoint_Steering.Turn_Test_Operations) 
function Start Test 

(DTstance_To_B     : Distances; 
Turning_Distance   : Distances; 
Lead_Distance     : Distances) return Turning Statuses is 

<0 

— —declaration scclion- 

Turn_Status : Turning_Statuses :■ Not_Turning; 

— begin function Start Test- 

begin 

if Distance_To_B <■ (Lead_Di stance + TurningDi stance) then 
Turn_Status :- Turning; 

end if; 

return Turn_Status; 

end Start Test; 
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with Geometric_Operations; 
separate (Vaypoint Steering) 
package body SteerIng_Vector_nperations_With_Arcsin is 

package Geo renames Geometric Operations; 

— —inslanliale required parts- 

function U R Vector is new 
Geo.Uni t_Radial_Vector (Indices       -> Indices, 

Earth Positions -> Earth Positions, 
Sin Cos Ratio  «> Sin Cos Ratio. 
Unit_Vectors   -> Unit_Vectors); 

procedure Compute Segment And U Nl Vector is new 
Geo.Compute Segment And Unit Normal Vector With Arcsin 

(Indices Indices, 
Earth_Distances Earth_Oistances, 
Segment_Distances Segment_Distances, 
Radians Radians, 
Sin Cos Ratio Sin Cos Ratio, 
Unit Vectors Unit Vectors, 
EartH_Radius EartH_Radius); 

— — local declarations- 

Unit  Radial B : Unit Vectors; 
Unit_Radial_C : Unit~Vectors; 

pragma PAGE; 
procedure Initialize 

(Waypoint_A_Lat     : in EarthPositions; 
Vaypoint A Long    ; in EarthPositions; 
Waypolnt_B_Lat     : in Ear th~Pos i t i ons; 
Vaypoint B Long   : in Earth'Positions; 
VaypolntjTLat    : in Earth'Posi tions; 
Vaypolnt~C~Long   : in Earth Positions; 
Unit Normal B out Unit Vectors; 
Unit~Normarc     : out Unit"Vectors; 
Unit Tangent B    : out Unit Vectors; 
UnitJTangent C    : out Unit_Vectors; 
legment_Bc_DTstance : out SegmentDistances) is 

— declaration section- 

Temp  Un_B    : Unit_Vectors; 
Temp Un C    : Unit~Vectors; 
Unit_Ra3ial_A : Unit Vectors; 
VLength    : Sin_Üos_Ratio; « 
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— begin procedure Inilialize- 
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begin 

s-v 

— compute unit radial vectors 

Unit_Radial_A := 

Unit_Radial_B := 

Unit_Radial_C :- 

— compute UN B 

Temp_Un_B : 

V_Length 
Temp_Un_B 
Unit_Normal_B 

—compute UTB 

U_R_Vector(Lat_0f Point => 
Long_0l_Point =«> 

U_R_Vector(Lat_0f Point »> 
Long_0l_Point »> 

U_R Vector(Lat_0f Point -> 
Long_0l_Point -> 

Waypoint_A_Lat, 
Waypoint_A_Long); 
Waypoint_B_Lat, 
Waypolnt_B_Long); 
Waypoint_C_Lat, 
Waypoint_C_Long); 

■ Cross_Product(Left -> Unit Radial B, 
Right -> Unit~Radial~A); 

- Vector_Length(Temp_Un_B); 
- Temp_Un_B / VLength; 
- Temp Un B; 

Unit Tangent B :- Cross Product(Left    -> Temp Un B, 
Right -> UnitRaSlalB); 

— compute UNC and segment BC distance 

Compute Segment And U Nl Vector 
(Unlt_RadialT     ~ -> Unit Radial_B( 
Unit_Radial2 -> Unit~Radial C, 
Unit_Normal2 -> Temp~Un_C, 
Segment Distance >> Segment'Bc Distance); 

Uni t_Normal_C 

—compute UTC 

Unit_Tangent_C 

end Initialize; 

Temp_Un_C; 

Cross_Product(Left ■> Temp Un C, 
Right -> Unit Racial C); 

» 

pragaa PAGE; 
procedure Update 

(Waypoint_C_Lat 
Vaypoint C~Long 
Unit NormaT_B 
Unit~Normal_C 
Unit_Tangent_B 
Unit_Tangent C 
Segmen t_Bc_DTstance 

begin 

in   Earth_Positions; 
in   Earth Positions; 

out Unit_Vectors; 
in out Unit_Vectors; 

out Unit~Vectors; 
in out Unit_Vectors; 

out Segment Distances) is 

■advance "C" vectors into "B" vectors 
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Unit_Radial_B 
Unit Normal B 
Unit~Tangent B 

- Unit_Radial_C; 
= Unit_Normal_C; 
- Unit_Tangent_C; 

— calculate new values 

Unit_Radial_C    := U_R_Vector(Lat_0f Point    => Waypoint_C_Lat, 
Long_0l_Point »> Waypoint_C_Long); 

Compute_Segment And_U_Nl Vector 
(Unit_RadialT -> Ünit_Radial_B, 
Unit_Radial2 -> Unlt_Radial_C, 
Unit_Normal2 -> Unit_Normal]]C, 
Segment_Distance ■> Segment_Bc_Distance); 

Unit_Tangent_C :■ Cross_Product(Left    -> Unit Normal C, 
Right -> Unit~Radial"C); 

end Update; 

end Steering_Vector_Operations_With_Arcsin; 

i 
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separate (Waypoint_Steering) 
function Distance To Current_Waypoint_With_Arcsin 

(Unit~Ra3ial_M : Unit_Vectors; 
Unit~Tangent_B : Unit_Vectors) return Segment_Distances is 

— — local declarations- 

Dot_Prod_Result : Sin_Cos_Ratio; 

— begin function Distance To Curr.... Waypoint- 

begin 

— — dot product of URM and UTB, because of the geometry, equals 
— — the angle betweenUR M andUR B 

Dot_Prod_Result :- DotProduct  (Left    -> Unit Radial M, 
Right -> Unit~Tangent_B); 

return Arcsin(Dot_Prod_Result) * Earth_Radius; 

end Distance_To_Current_Waypolnt_With_Arcsin; 
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3.3.4.2 AUTOPILOT (PACKAGE BODY) TLCSC (CATALOG #P305-0) 

This package body contains bodies for the the three packages nested in the 
Autopilot package. Each of these packages is separately compiled. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.2.1 REQUIREMENTS ALLOCATION 

This part meets the following CAMP requirements. 

| Name Type Req. Allocation | 

| Integral Plus Proportional generic package R048          | 

j Pitch autopilot generic package R059          | 

j Lateral/Directional autopilot generic package R064          j 
1 

3.3.4.2.2 LOCAL ENTITIES DESIGN 

•   None. 

3.3.4.2.3 INPUT/OUTPUT 

None. 

3.3.4.2.4 LOCAL DATA 

None. 

3.3.4.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.6 PROCESSING 

The following describes the processing performed by this part: 

package body Autopilot is 

package body Integral_Plus_Proportional_Gain is separate; 

package body PitchAutopilot is separate; 

package body Lateral_Directional_Autopilot is separate; 
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i 
end Autopilot; 

3.3.4.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.2.8 LIMITATIONS 

None. 

3.3.4.2.9 LLCSC DESIGN 

3.3.4.2.9.1 INTEGRAL_PLUS PROPORTIONALGAIN (PACKAGE BODY) PACKAGE DESIGN (CATALOG 
#P306-0) 

This part contains subprograms to implement the calculations and logic 
necessary to implement an integral plus proportional gain control loop.  It 
also contains a subprogram to update the value for the proportional gain. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.2.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R048. 

3.3.4.2.9.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name | Type       | Description | 

| InputSignals    | generic float | Type of values input to part j 
j Gains-          j generic float j Type of gain applied to inputj 
j IntegratedSignalsj generic float j Input signal put through    j 
j                j j integrator 

Data objects: , 



CAMP Software Detailed Design Document Page 507 

The following table describes the generic formal objects required by this part: 

| Name | Type | Description | 

| Initial        | Gains | Initial value of proportional gain | 
j ProportIonal_Gain j      |  applied to input signal 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name     | Type   | Description | 

| "*"      | function | Overloads Input_Signals * Gains return   | 
j         j j Integrated_Signals for proportional galnj 
j Tustin_   | function j Performs Tustin integrator with limit    j 
j  Integrate! j j 

3.3.4.2.9.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Description | 

| ProportionalGain | Gains | Gain applied to input signal. | 

3.3.4.2.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.1.6 PROCESSII*.. 

The following describes the pi., ssing performed by this part: 

separate (Autopilot) 
package body Integral_Plus_Proportional_Gain is 

Proportional_Gain: Gains :- Initial_Proportional_Gain; 

end Integral_Plus_Proportional_Gain; 
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3.3.4.2.9.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.2.9.1.8 LIMITATIONS 

None. 

3.3.4.2.9.1.9 LLCSC DESIGN 

None. 

3.3.4.2.9.1.10 UNIT DESIGN 

3.3.4.2.9.1.10.1 INTEGRATE UNIT DESIGN 

This function performs the integral plus proportional gain function. The logic 
to perform this operation is as follows: 

Accept new input signal Use Tustin Integrator with Limit to adjust input signal 
(If Integrator state within limit do not change input. If Integrator state at 
positive limit and input signal > 0 then set input to 0. If Integrator state 
at negative limit and input signal < 0 then set input to 0.) Use Tustin 
Integrator to perform Integration and limit functions. Output - Proportional- 
Gain * input signal + Tustin Integrator State. 

3.3.4.2.9.1.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R048 (2). 

3.3.4.2.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name     | Type       | Description | 

| Signal    | Input_Signals | Value of Input Signal for integral  | 
j j I  plus proportional gain. j 
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3.3.4.2.9.1.10.1.4 LOCAL DATA 

None. 

3.3.4.2.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function Integrate (Signal; InputSignals) return IntegratedSignals is 

begin 

return (Tustin_Integrate (Signal) + Signal * Proportional_Gain); 

end Integrate; 

3.3.4.2.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top-level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top-level component: 

|    Name |    Type        |    Source    |    Description 

«*" 

Tustin_ 
Integrate 

function 

function 

Generic 
Fml Subp 

Generic 
Fml Subp 

Overloads Input_Signals * Gains 
return Integra?ed_Signals for 
proportional gain ~ 
Performs Tustin Integrator with 

limit 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the parent top-level component: 
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i 
| Name 

Input_Signals 

Gains 

Integrated Signals 

| Type  | Source | Description 

generic 
float 

generic 
float 

generic 
float 

Generic | Type of values input to part 
fml type) 
Generic  | Type of gain applied to input 
fml typej 
Generic  j  Input signal put  through 
fml type]      integrator 

Data objects; 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 

Name Type Source |     Description 

Proportional_Gain  |  Gains   ||   Package Body   |  Gain applied to input 
I I I      signal 

3.3.4.2.9.1.10.1.8    LIMITATIONS 

None. 

3.3.4.2.9.1.10.2    UPDATE_PROPORTI0NAL_GAIN UNIT DESIGN 

This procedure updates the value stored for the proportional gain. 

3.3.4.2.9.1.10.2.1 REQUIREMENTS ALLOCATION 

This'part meets CAMP requirement R048. 

3.3.4.2.9.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.1.10.2.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal  types required by this part: 

Data types: 

The following table summarizes the generic formal types required by this part; 
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|    Name |    Type |    Description { 

|  Gains |  generic float  | Type of gain applied to input| 

FORMAL PARAMETERS: 

The following table summarizes  the formal parameters required by this part: 

|    Name |    Type    |    Description | 

| New Proportional_  |  Gains    |  Value to   update proportional gain      | 
I      Giin | | | 

3.3.4.2.9.1.10.2.4 LOCAL DATA 

None. 

3.3.4.2.9.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdateJProportional_Gain (New_Proportional_Gain :  in Gains) is 

begin 

Proportional_Gain :■ New_Proportional_Gain; 

end Update_Proportional_Gain; 

3.3.4.2.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 

|    Name I    Type  |    Source j    Description | 

|  Proportional Gain  | Gains  |  Package Body | Gain applied to input        | 
I III      signal j 

■n 
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3.3.4.2.9.1.10.2.8 LIMITATIONS 

None. 

3.3.4.2.9.2 LATERAL DIRECTIONAL AUTOPILOT (PACKAGE BODY) PACKAGE DESIGN (CATALOG 
#P308-0) 

This package body implements the Lateral Directional Autopilot function. It 
contains the instantiation of the Integral Plus Proportional Gain packages for 
the integrator loops of both the Roll Command Error and the Lateral 
Acceleration feedback, as veil as subprogram bodies for operations declared in 
the package specification. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.2.9.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.2 LOCAL ENTITIES DESIGN 

Packages: 

Instantiates Integral plus proportional gain package for aileron roll command 
and for filtered lateral directional acceleration. Also instantiates Tustin 
integrator to implement each of the integral plus proportional gain packages. 

3.3.4.2.9.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: ' 

The following table summarizes the generic formal types required by this part: 
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# 

(• 

Name 

Roll_Commands 

Roll_Attitudes 

Ro1l_Command_Ga ins 

Missile_Accelerations 

Acceleration_Gains 

Rudde r_Cmd_Ro1l_Rat e_ 
Gains 

Gravitational_ 
Accelerations 

Velocities 

Trig_Value 

Fin_Deflections 

FeedbackRates 

Feedback Rate Gains 

Type 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Description I 
Type for input commands 

from user program 
Type for measure missile 

roll attitude 
Gain to Roll commands 

in integrator loop 
Type for measured lateral 

acceleration 
Proportional gain applied 

measured acceleration 
Gain applied to roll rate 

feedback for rudder cmd 
Type for measured gravi- 

tational acceleration 
Type for measured missile 

velocity 
Type for result of sin 

function 
Type for rudder and 

aileron commands 
Type for measured roll 

and yaw rates 
Gain applied to yav rate 

feedback 

Data objects: 

The following table summarizes the generic formal objects required by this 
part: 

m 
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Name I  Type Description 

Initial_Aileron 
Integrator_Gain 

Initial_Aileron_ 
Integrator_Limi t 

Ini t ial_Roll_Command_ 
Proportional_Gain 

Initial_Roll Rate_ 
Gain For_Alleron 

InitiaT_Yaw_Rate_ 
Gain For Aileron 

InitiaI_Ru3der_ 
Integrator_Gain 

InitialRudder 
Integrator_Llmit 

Initial_Yaw_Rate_ 
Gain For Rudder 

Ini t iaI_RoTl_Rate_ 
Gain For_Rudder 

Ini t iaI_Accelera t ion_ 
Proportional_Gain 

Roll_Command_Gains 

Fin_Deflections 

Roll Command Gains 

Peedback_Rate_ 
Gains 

Feedbaclc_Rate_ 
Gains    ~ 

Acceleration_ 
Gains 

Fin_Deflections 

Feedback_Rate_ 
Gains 

Rudder_Cmd_Roll_ 
Rate_Gains 

Acceleration Gains 

Gain used to initialize) 
aileron loop       j 

Initial limit on ailer-j 
on integrator output | 

Gain used to initialize 
integrator plus pro- 
portional gain loop 

Gain to measured roll 
rate for aileron cmd 

Gain to measured yaw 
rate for aileron cmd 

Initial gain in rudder 
integrator loop 

Initial limit on rudder 
integrator output 

Gain to measured yaw 
for rudder command 

Gain to measured roll 
rate for rudder cmd 

Initial Prop, gain in 
integrator plus pro- 
portional gain loop 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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|  Name               | Type Description               | 

| Aileron control loop limiters and filters                    | 

| Roll Error Limit      | function Limiter for roll error 
j Aileron Command Limit  j function Limit on command signal to 

aileron 
| Roll Command Filter   | function Filter applied to input roll \ 

command 

| Rudder control loop limiters, filters, and operations          | 

Rudder Command Limit  I function Limit on command signal to 
rudder                  | 

Yaw Rate Filter function Filter applied to measured   j 
yaw rate                j 

Acceleration Filter function Filter applied to measured   j 
acceleration feedback 

Sin function Sin function applied to 
measured roll attitude     j 

| Aileron control loop gain and updater functions               | 

1 n-n 
function Subtracts Roll_Attitudes from 

Roll_Coinfflands~returning Roll_ 
Error 

j "*" function Multiplies Roll Commands by 
Roll_Command_Gains for 
input to Allirou Integrator 

| "*" function Multiplies FeedbackRates for 
measured roll rate by 
Feedback_Rate_Gains 
for Fin_Deflections 

| Rudder control loop gain and updater functions                | 

| "*"               | 

1                   1 
1                   1 

function Multiplies Missile_Accelera- 
tions by Acceleration_Gains 
returns Fin Deflections for 
proportional loop of int- 
egral plus proportional gain 

1                   1 
1                   1 

function Multiplies Feedback_Rates by 
Rudder_Cmd_Roll Rate Gains 
returns Feedback Rates 

1 "*"                1 
1                   1 

function Multiplies Gravitational 
Accelerations by Trig_Value 
returns Gravitational_ 
accelerations 

1 "/"                | 
1                   1 
1                   1 

function Divides Gravitational 
Accelerations by Velocities 
returns Feedback Rates 
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i 
3.3.4.2.9.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

j Name            |  Type | Description            | 

| Objects for Aileron Control Loop | 

| Aileron_Cmd_Roll_  | Feedback_Rate_Gains | Gain on roll rate feedback) 
j Rate_Gain        j I in aileron command loop j 
j Aileron_Cmd_Yaw_   j Feedback_Rate_Gains j Gain on yaw rate feedback j 
j  Rate_Gain       j j in aileron command loop j 

| Objects for rudder control loop | 

| Rudder_Cmd_Roll_   | Rudder_Cmd_Roll_ | Gain to roll rate feedback] 
j  Rate_Gain       |  Rate_Gains j in rudder command loop j 
j Rudder~Cmd_Feedback_| FeedbackRateGains | Gain to yaw rate feedback j 
|  Rate_Gain       j | in rudder command loop j 

3.3.4.2.9.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.6 PROCESSING 

The following describes the processing performed by this part: 

with Signal_Processing; 
separate (Autopilot) 
package body Lateral_Directional_Autopilot is 

— —Initial values for Aileron Control Loop 

Aileron_Cmd_Roll_Rate_Gain    : FeedbackRate Gains :- 
Ini t iil_RoIl_Ra te_Gain_For_Ai leron; 

Aileron_Cmd_Yaw_Rate_Gain     : Feedback_Rate_Gains :■ 
Initial_Yaw_Rate_Gain_For_Aileron; 

— —Initial values for rudder control loop 

Rudder_Cmd_Roll_Rate_Gain     : Rudder_Cmd_Roll_Rate_Gains :- 
Initial~Roll_Rate_Gain_For_Rudder; 

Rudder_Cmd_Feedback_Rate_Gain : Peedback_Rate_Gains 7- 
Ini tial_Yaw_Rate_Gain_For_Rudder; 

— Packages for Aeliron control loop 

package Aileron_Cmd_Tustin_Integrator is new 
Signal_Processing.Tustin_Integrator_Vith Limit 

(Signals -> Roll Commands, 
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States => Fln_Deflections, 
Gained_Signals => Fin Deflections, 
Gains =>  Roll Command_Gains, 
Initial_Tustin Gain => InitTal_Aileron_Integrator_Gain, 
Initial_Signal"Level -> 0.0, 
Initial_Signal~Limit => Initial_Aileron_Integrator_Limit); 

package Aileron_Cmd_Integral Plus_Proportional_Gain is new 
Integral_Plus_ProportionaT_Gain 

(Input_Signals => Roll_Commands, 
Gains => Roll_Command_Gains, 
IntegratedSigrals      -> Fin_Deflections, 
Initial_Proportional_Gain ■> Initial_Roll_Coramand_Proportional_Gain, 
Tustin_Integrate        -> Aileron_Cmd_fustin_Integrator.Integrate); 

package Aileron_Loop renames Aileron_Cmd_Integral_Plus_Proportional_Gain; 

— Packages for rudder control loop 

package RudderCmd Tustin Integrator is new 
Signal_ProcessTng.Tustin_Integrator_With_Limit 

(Signals ■> Missile Accelerations, 
States ■> Fin_Defleetions, 
Gained_Signals      -> Fin_Deflections, 
Gains -> Acceleratlon_Gains, 
Initial Tustin Gain  -> Initial Rudder Integrator Gain, 
Initial~Signal~Level -> 0.0,  ~ 
Initlal~Slgnal~Limit -> InitialRudderlntegratorLimit); 

package Rudder_Cmd_Integral_Plus Proportional_Gain is new 
In tegral_Plüs_Propor t ionil_GaIn 

(Input_Signals -> Missile_Acceleratlons, 
Gains -> Acceleration_Gains, 
Integrated_Signals      -> Fin_Deflections, 
Initial_Proportional_Gain ■> Initial_Acceleration_Proportional_Gain, 
Tustin_Integrate        ■> Rudder_Cmd_Tustin_Integrator.Integrate); 

package Rudder_Loop renames Rudder_Cmd_Integral_Plus_Proportional_Galn; 

end Lateral_Directional_Autopilot; 

3.3.4.2.9.2.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part: 
1. Signal_Processing 

UTILIZATION OF EXTERNAL ELEMENTS: 

Packages: 

The following table summarizes the external packages required by this part: 
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Name ( Type  |Source| Description 

Tustin_Integrator 
With Limit 

Generic 
Package 

This package is required for 
the integration function in 
the integral plus proportional 
packages. It is instantiated 
for the roll command control 
loop and for the acceleration 
feedback control loop. 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages i 'quired by this part but defined 
elsewhere in the parent top level component: 

|    Name Type    | Source    |    Description 

Integral_Plus_Proportional_ 
Gain 

Generic| Package 
Package j Spec. 

I 
I 

Performs integrator 
function on roll 
command error and 
lateral accelera- 
tion feedback 

Data types: 

The following table summarizes the types required by this part and defined in 
ancestral units: 

| Name 

I Aileron Rudder Commands 

Type Source | Description I 
Record | Package Spec.| Defines record with | 

j j components for rud- j 
I j and aileron commands! 

3.3.4.2.9.2.8 LIMITATIONS 

None. 

3.3.4.2.9.2.9 LLCSC DESIGN 

None. 
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3.3.4.2.9.2.10 UNIT DESIGN 

3.3.4.2.9.2.10.1 INITIALIZE_LATERAL_DIRECTIONAL_AUTOPILOT UNIT DESIGN 

Initializes state of integrator in lateral directional autopilot. 

3.3.4.2.9.2.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064 (2). 

3.3.4.2.9.2.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

Name 

Fin_Deflections 

Missile_Accelerations| 

Roll_Conimands 

Feedback_Rates 

Velocities 

Roll Attitudes 

Type 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

| Description 

Type for rudder and 
aileron commands 

Type for measured 
lateral acceleration 

Type for input commands 
from user program 

Type for measured roll 
and yaw rates 

Type for measured 
missile velocity 

Type for measure missile 
roll attitude 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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|  Name Type Description               | 

| For Aileron State Initialization                           | 

function 

function 

function 

Subtracts Roll_Attitudes from 
Roll_Commands returning Roll_ 
Error 

Multiplies Roll_Commands by 
Roll Command_Gains for input 
to ATleron integrator 

Multiplies Feedback_Rates for 
measured roll and yav rates 
by Feedback Rate_Gains 
for Fin_Deflections 

| For Aileron State Initialization                          | 

function 

function 

function 

function 

Multiplies Gravitational 
Accelerations by Trig_Value 
returns Gravitational_ 
Accelerations 

Divides Gravitational_Acceler- 
ations by Velocities returns 
Feedback Rates 

Multiplies"Feedback_Rates by 
RudderCmdRoll Rate_Gains 
returns Feedback Rates 

Multiplies Missile_Accelera- 
tions by Accelerätion_Gains 
returns Fin Deflections for 
proportional loop of 
integral plus proportional 
gain 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 
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{     Name I    Type |  Description I 

Inlt ial_Aileron_ 
Command 

Ini t ial_Rudder_Command 

Gravitational_ 
Acceleration 

Roll_Command 
RollAttitude 
RollRate 

YawRate 

Missile_Velocity 

Lateral Acceleration 

Fin_Deflections 

Fin_Deflections 

Gravitational_ 
Accelerations 

Roll_Commands 
Roll Attitudes 
FeedBack_Rates 

Feedback_Rates 

Velocities 

Misslle_Accel- 
erations 

Initial state for 
aileron deflection 

Initial state for rudder 
deflection 

Measured gravitational 
acceleration from NAV 

Initial roll command 
Measured roll attitude 
Measured roll rate feed- 

back 
Measured yav rate feed- 

back 
Measured velocity from 
NAV 

Measured lateral accel- 
from NAV 

3.3.4.2.9.2.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type        | Description 

Fin Deflections! Input to integrator 

I 
Fin_Delfections| Initial state of integrator 

|  for aileron 
FinDeflectionsj Initial state of integrator 

for rudder 

Gained_Roll 
Command Signal 

Initial_Alleron 
State 

Initial_Rudder_ 
State 

3.3.4.2.9.2.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Initialize Lateral_Directional_Autopilot 
(InitiaT_Aileron_Command 
Ini t ial_Rudder_Command 
Gravitational_Acceleration 
Roll_Command 
Roll_Attltude 
Roll_Rate 
Yaw Rate 

in Fin_Deflections; 
in Fin_Deflections; 
in Gravitational_Accelerations; 
in Roll Commands; 
in Roll Attitudes; 
in FeedHackRates; 
in Feedback Rates; 
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( 
Missile_Velocity :  in Velocities; 
Lateral_Acceleration :   in Missile_Accelerations)  is 

Gained_Roll_Command_Signal  :   Fin_Deflections; 

Inltial_Aileron_State :  Fin_Deflections; 

InitlalRudderState :  Fln_Deflections; 

begin 

GainedRoll CommandSignal  :■ 
(RöllComraand - Roll_Attitude) * 
Initial_Roll_Coinmand_Proportlonal_Gain; 

Initial_Aileron State :- 
InitIal_Aileron_Conunand - 
Gained_Roll_Coinmand_Signal + 
Yaw Rate * Aileron_Cmd Yaw_Rate_Gain + 
RollRate * Aileron_Cm3_Yaw_Rate_Gain; 

Initial_Rudder_State :» 
Initial Rudder_Comiiiand - 
(Yav Rate - 
(Gravitational Acceleration * Sin (Roll Attitude) 

/ Misille_Veloclty) - 
(Roll Rate * Rudder_Cmd Roll Rate_Galn) 

) * Ru9der_Cmd_Feedback Rate_Sain - 
Lateral_Acceleration * Initial_Acceleration_Proportional_Gain; 

Al leron_Cmd_Tus t in_Integrator. Reset 
(Integrator_State -> Initial Aileron State, 
Signal        -> 0.0); 

Rudder_Cmd_Tustin_Integrator. Reset 
(Integrator State -> InitlalRudderState, 
Signal        -> 0.0); 

end Initialize_Lateral_Directional_Autopilot; 

3.3.4.2.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 
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| Name Type Source Description        | 

| Aileron Cmd Tustin Package Package Implements integrator 
j  Integrator Body for roll command 

loop 
| Rudder Cmd Tust in Package Package Implements integrator 
i  Integrator Body for acceleration 

feedback loop      j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name 

| Reset 
I 
| Reset 

I Type   | Source | Description I 
| Function | Aileron_Cmd_Tustin_ | Reinitializes state  | 
| j Integrator (Pack.)I of integrator 
j Function j Rudder_Cmd_Tustin  j Reinitializes state  j 
j j Integrator (Paclc.)l of integrator 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 

Name Type | Sourcej Description I 
| Aileron Roll Command Gains Body | 
j  Integrator Gain 
j Aileron Cmd Roll Feedback Rate Gains Body | 
j  Rate Gain" 
j Aileron Cmd Yaw Feedback Rate Gains Body { 
|  Rate Gain 
| Rudder Cmd Roll Rudder Cmd Roll Body | 
|  Rate Gain Rate'Gains 
| Rudder Cmd Feedback Feedback Rate Gains Body | 
j  Rate Gain 
j Acceleration Propor- Acceleration Gains Body i 
|  tional Gain 
j Rudder Integrator Acceleration Gains Body i 

Gain 

Gain on input to aileron 
command loop integrator 
Gain on roll rate feedback 
in aileron command loop 
Gain on yaw rate feedback 
in aileron command loop 
Gain to roll rate feedback 
in rudder command loop 
Gain to yaw rate feedback 

in rudder command loop 
Proportional gain to 
acceleration feedback in 

Gain on acceleration input 
to rudder command loop 
integrator 

3.3.4.2.9.2.10.1.8 LIMITATIONS 

None. 
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3.3.4.2.9.2.10.2 COMPUTE_AILERON_RUDDER_COMMANDS(FUNCTION BODY) UNIT DESIGN 

Computes Aileron and Rudder commands based on roll command input and current 
missile state. 

3.3.4.2.9.2.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064 (3). 

3.3.4.2.9.2.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the external types required by this part: 

Name 

Roll_Coinfflands 

RollAttitudes 

Feedback_Rates 

Missile_Acclerations 

FinDeflections 

Velocities 

Gravitational_ 
Accelerations 

I Type 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Description 

Type for input commands 
from user program 

Type for measure missile 
roll attitude 

Type for measured roll 
and yaw rates 

Type for measured 
lateral acceleration 

Type for rudder and 
aileron commands 

Type for measured 
missile velocity 

Type for measured gravi- 
tationll acceleration 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 
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| Name               | Type |  Description               | 

| Aileron control loop limiters and filters                    | 

| Roll Error Limit      | function | Limiter for roll error       | 
j Aileron Command Limit  | function | Limit on command signal to   | 
1                    1 | aileron 
( Roll Command Filter   | function | Filter applied to input roll | 

1                   1 |  command                | 

| Rudder control loop limiters, filters, and operations          | 

| Rudder Command Limit function | Limit on command signal to   j 
| rudder                 | 

1 Sin                | function | Sin function applied to | 
j measured roll attitude     j 

| Yaw Rate Filter      | function | Filter applied to measured 
| yaw rate                | 

| Acceleration Filter function | Filter applied to measured   I 
| acceleration feedback      j 

| Aileron control loop gain and updater functions               | 

1 ''-"                1 
1 '                 1 
1                   1 

function | Subtracts Roll_Attitudes from | 
j Roll_Coinmands returning Roll_| 
( Error 

1 "*"                1 
1                   1 
1               ! 
1               1 

function | Multiplies FeedbackRates for | 
| measured roll and~yav rate | 
1 by Feedback Rate_Gains | 
|  for Fin_Deflections       j 

| Rudder control loop gain and updat er functions               | 

1 "*"                1 

1                   1 

function | Multiplies Gravitational | 
j Accelerations by Trig_Value j 
j returns Gravitational' j 
j  Accelerations            j 

1 "/"                1 
1                   1 
1                   1 

function ( Divides Gravitational_Acceler-| 
| ations by Velocities returns! 
j  Feedback Rates           j 

1 "*"                1 
1                   i 

function j Multiplies FeedbackRates by j 
j Rudder_Cmd_Roll RateGains | 
j  returns Feedbaclt_Rates     | 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 
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Name Type Description 

Roll Command 
Roll~Attitude 
Roll_Rate 

YawRate 

Lateral_Acceleration 

MissileVelocity 

Gravitational_ 
Acceleration 

| Roll_Commands 
Roll Attitudes 
FeedEack_Rates 

Feedback_Rates 

Missile_Accel- 
erations 

Velocities 

Gravltational_ 
Accelerations 

Input roll command 
Measured roll attitude 
Measured roll rate feed- 

back 
Measured yaw rate feed- 

back 
Measured   ral accel- 

from N« 
Measured vexocity from 

NAV 
Measured gravitational 

acceleration from NAV 

3.3.4.2.9.2.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name I Type | Description 

Filtered Roll_ 
Command 

Roll_Error 

Aileron_Integral_ 
Output 

Filtered_Yaw_Rate 

Filtered_Lateral_ 
Acceleration 

Rudder Integral_ 
Output 

Fin Command 

Roll_Commands 

Roll_Commands 

Fin_Deflections 

Feed backdates 

Missile_Accel- 
erations 

Fin_Defleetions 

Alleron_Rudder_ 
Commands 

Input roll command after 
filtering 

-Filtered Roll Command - 
Roll_Attitude (Limited) 

Output from aileron loop inte- 
gral plus prop, gain 

Yaw rate feedback after 
filtering 

Acceleration feedback after 
filtering 

Output from rudder loop inte- 
gral plus prop, gain 

Contains aileron and rudder 
command components 

3.3.4.2.9.2.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function Compute Aileron Rudder_Commands 
(RolT_Comman3 
RollAttitude 
Roll Rate 

: in Roll_Commands; 
: in Roll Attitudes; 
: in FeedEack Rates; 
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YawRate : in FeedbackRates; 
Lateral_Acceleration : in Missile Accelerations; 
Missile_Velocity : in Velocities; 
Gravitational_Acceleration : in Gravitational_Accelerations) 

return Aileron Rudder Commands is 

F i 11 ered_Ro1l_Command 
Roll_Error 
Aileron Integral_Output 
Filtere3_Yaw_Rate 
Filtered_Lateral_Acceleratlon 
RudderlntegralÖutput 
Fin Command 

Roll_Commands; 
Roll_Commands; 
Fin Deflections; 
Fee3back_Rates; 
Missile Accelerations; 
Fin_Deflections; 
Aileron Rudder Commands; 

begin 

—Aileron command computations 

Filtered_Roll_Command :■ Roll_Command_Filter (Roll_Command); 

RollError  :■ FHtered_Roll_Command - Roll_Attitude; 

Roll_Error  :» Roll_Error_Limit (Roll_Error); 

Alleron_Integral_Output :■ Alleron_Loop.Integrate (RollJSrror); 

Flltered_Yav_Rate :- Yaw_Rate_Filter (Yaw_Rate); 

Fin_Coininand.Aileron Command t- 
Alleron_Command limit (Aileron Integral_Output - 

Filtere? Yaw Rate * Aileron Cmd Yav Rate Gain - 
Roll_Rate * Xileron_Cmd_RolI_Rate_Gäin);~ 

—Rudder command computations 

Filtered_Lateral_Acceleration :■ 
Acceleration_Filter (Lateral_Acceleration); 

Rudder_Integral_Output  :« Rudder Loop.Integrate 
(FiItered_Lateral_Acceleration); 

Fin_Command.Rudder_Command :> 
Rudder_Command_Limi t 

~ (Rudder_Integral_Output + 
(Filtered_Yaw_Rate - 
(Gravitational Acceleration * sin (RollAttitude) / 

Missile Velocity) - 
Roll_Rate * Rudder Cmd_Roll Rate_Gain) * 
RudderCmd Feedbaclc Rate_GaIn 

); 

return (Fin_Command); 

end Compute Aileron Rudder Commands; 
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3.3.4.2.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

Name Type Source    |    Description I 
Aileron_Cmd_Integral_ 

Plus_Propor t i onal_ 
Gain"(renamed: 
Aileron Loop) 

Rudder_Cm3_Integral 
Plus~Proportional_ 
Gain (renamed: 
Rudder_Loop) 

Package 

Package 

Package 
Body 

Package 
Body 

Implements integral 
plus proportional 
gain for roll command 

Implements integral 
plus proportional 
gain for acceleration 
feedback 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|    Name |    Type        |    Source Description 

Integrate 

Integrate 

Function 

Function 

Aileron Loop 

Rudder Loop 

Performs integral 
plus proportional 
gain on roll error 

Performs integral 
plus proportional 
gain on accelera- 
tion feedback 

Data types: 

The following table summarizes the types required by this part and defined in 
ancestral units: 

| Name | Type | Source | Description I 
Record | Package Spec] Defines record with | 

j j components for rud- j 
and aileron commands j 
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Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 

| Name I Type Sourcej Description I 
Ai leron_Cmd_Yaw_ 

Rate_Gain 
Aileron_Cmd_Roll_ 
Rate_Gain 

Rudder_Cmd_Roll_ 
RateGain 

Rudder_Cmd_Feedback_ 
Rate~Galn 

Feedback_Rate_Gains | Body 

Feedback_Rate_Gains j Body 

Rudder_Cmd_Roll_  | Body 
Rate~Gains     | 

Feedback Rate Gains) Body 

|Gain on yaw rate feedback 
jin aileron command loop 
jGain on roll rate feedback 
jin aileron command loop 
jGain to roll rate feedback 
jin rudder command loop 
jGain to yaw rate feedback 
j in rudder command loop 

3.3.4.2.9.2.10.2.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.3 UPDATE_AILBRON_INTEGRATOR_GAIN UNIT DESIGN 

Updates the current value of the Aileron Integrator Gain as controlled by the 
Aileron_Cmd_Tustin_Integrator. 

3.3.4.2.9.2.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name I Type Description I 
| Aileron_Integrator_ 
j  Gains 

Generic Float | Gains applied to 
i  roll commands 
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•. 

FORMAL PARAMETERS: 

The following table summarizes  the formal parameters required by this part: 

|    Name |        Type |    Description | 

|  New_Gain |  Aileron_Integra-  |  New value for Gain applied  | 
j I       tor_Gains |      to roll commands | 

3.3.4.2.9.2.10.3.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Aileron Integrator_Gain , 
(NewGain: In Roll_Coiiimand_Gains) is ' 

begin 

Aileron_Cmd_Tustln_Integrator.Update_Galn (New_Gain ■> NewGain); 

end Update_Aileron_Integrator_Gain; 

3.3.4.2.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name |    Type    |    Source    |    Description | 

|  Aileron_Cmd_Tustin_    |  Package!  Package    |   Implements integrator    | 
|      Integrator j j    Body        j      for roll command j 
I III      loop | 

Subprograms and task entries: . 
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The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name    | Type   |  Source | Description       | 

| Update_  | Procedure] Aileron_Cmd_Tustin_ | Updates value of gain| 
j  Gain   |        j  Integrator (Pack.) I  in integrator     j 

3.3.4.2.9.2.10.3.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.4 UPDATE_AILERON_INTEGRATOR_LIMIT UNIT DESIGN 

Updates the current value of the limit on output from the aileron control loop 
integrator. 

3.3.4.2.9.2.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name | Type       | Description | 

| Fin_Deflections      | Generic Float | Output from aileron    | 
j I j  control loop        j 
j j j  Integrator j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

?;■ 
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| Name        |   Type        | Description | 

| New_Limit     | Fin_Deflections  | New value for limit on    | 
j j j  integrator output 

3.3.4.2.9.2.10.4.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update Aileron Integrator Limit 
(New_Llmit T in Fin_DeTlections) is 

begin 

Aileron Cmd Tustin Integrator.Update Limit ( 
(ilew_Absölute_Limit -> New"Limit); 

end Update_Aileron_Integrator_Limit; 

3.3.4.2.9.2.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name |    Type    |     Source    |    Description | 

| Aileron_Cmd_Tustin_    |  Package!  Package    |  Implements integrator    | 
I      Integrator j j    Body        j      for roll command 
I III      loop | 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: . 
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| Name    | Type   |  Source | Description       | 

| Update_  | Procedure| Aileron_Cmd_Tustin_ | Updates value of    | 
I  Limit  I        j  Integrator (PackT)|  limit in integrator} 

3.3.4.2.9.2.10.A.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.5 UPDATE_ROLL_C0MMAND_PR0P0RTI0NAL_GAIN UNIT DESIGN 

Updates the current value of the Roll_Command_Proportional_Gain of of the 
aileron control loop 

3.3.4.2.9.2.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.5.2 LOCAL ENTITIES DESIGN  . 

None. 

3.3.4.2.9.2.10.5.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name | Type       | Description | 

| RollGains | Generic Float | Proportional gains     | 
I j I  to roll commands 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name        |   Type        | Description | 

| New_Gain      | Roll_Gains      | New value for proportional | 
j j j  gain to roll commands   j 
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3.3.4.2.9.2.10.5.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Roll_Command Proportional Gain 
(New_Gain: in RoIl_Command_GaIns) is 

begin 

Aileron_Loop.Update_Proportional_Gain (New_Proportional_Gain -> New_Gain); 

end Update_Roll_Command_Proportional_Gain; 

3.3.4.2.9.2.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: I 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name |    Type    |    Source    |    Description | 

|  Aileron_Cmd_Integral_| Package!  Package    | Implements integral        | 
|      Plus_Propörtlonal_ j j    Body        |      plus proportional 
|      Gain-- Aileron_Loop| j j      gain for aileron loopj 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|    Name | Type        |    Source |    Description | 

|  Update_Pro-1Procedure| Aileron_Loop | Updates value of | 
{       tional      j j j      proportional gain    j 
I      Gain || | | 
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^ 3.3.4.2.9.2.10.5.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.6 UPDATE_ROLL_RATE_GAIN_FOR_AILERON UNIT DESIGN 

Updates the current value of the Aileron_Cind_Roll_Rate_Gain of of the aileron 
control loop 

3.3.4.2.9.2.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.6.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

•   The following table summarizes the generic formal types required by this part: 

| Name | Type       I Description | 

| FeedbackRateGains  | Generic Float | Gains to roll rate     | 
| j j  feedback for aileron j 
j j j  commands 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name        |   Type        | Description | 

| New_Gain      | Feedback_Rate_  | New value for gain to roll | 
| j  Gains        j  rate feedback j 

3.3.4.2.9.2.10.6.4 LOCAL DATA 

None. 
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3.3.4.2.9.2.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Roll_Rate_Gain For Aileron 
(NewGain : in FeeofbaclcRateGains) is 

begin 

Aileron_Cmd_Roll_Rate_Gain :» New_Gain; 

end Update_Roll_Rate_Gain_For_Aileron; 

3.3.4.2.9.2.10.6.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.2.9.2.10.6.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.7 UPDATE_YAW_RATB_GAIN_POR_AILERON UNIT DESIGN 

Updates the current value of the Ail'»ron_Cmd_Yaw_Rate_Galn of of the aileron 
control loop 

3.3.4.2.9.2.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.7.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

i 
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| Name                                  { Type                   | Description | 

| Feedbaclc_Rate_Gains      | Generic Float   | Gains to yaw    rate | 
j | j feedback for aileron j 
I j j commands j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

|    Name |        Type |    Description | 

| New_Gain |   Feedback_Rate_       |  New value for gain to yaw    | 
I j      Gains j      rate feedback 

3.3.4.2.9.2.10.7.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update Yaw_Rate_Gain_For_Aileron 
(New_GaIn :~in FeedbackRateGains) is 

begin 

Alleron_Cmd_Yaw_Rate_Gain :- New_Gain; 

end Update_yaw_Rate_Gain_For_Aileron; 

3.3.4.2.9.2.10.7.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.2.9.2.10.7.8 LIMITATIONS 

None. 
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3.3.4.2.9.2.10.8 UPDATE_RUDDER_INTEGRATOR_GAIN UNIT DESIGN 

Updates the current value of the Rudder_Integrator_Gain for the integrator part 
of the rudder control loop integral plus propotional gain. 

3.3.4.2.9.2.10.8.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.8.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.8.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types; 

The following table summarizes the generic formal types required by this part: 

| Name | Type       | Description | 

| Rudder_Integrator_   | Generic Float | Gains applied to accel- | 
j  Gains j |  ation feedback 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name |   Type       | Description | 

| New_Gain      | Rudder integra- | New value for Gain applied | 
j j  tor Sains    j  to acceleration       j 

3.3.4.2.9.2.10.8.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.8.5 PROCESS CONTROL 

Not applicable. 
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3.3.A.2.9.2.10.8.6    PROCESSING 

The following describes the processing performed by this part: 

procedure Update Rudder_Integrator_Gain 
(New_GaTn :  in Acceleration_Gains) is 

begin 

Rudder_Cmd_Tustin_Integrator.Update_Gain (New_Gain -> NewGain); 

end Update_Rudder_Integrator_Gain; 

3.3.4.2.9.2.10.8.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

| Name | Type j Source | Description        | 

| Rudder_Cmd_Tustin_  | Package! Package 
|  Integrator       j      j Body 
I ! I 

Implements tustin int- 
egrator for rudder 
loop 

* 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name     | Type   | Source          I Description | 

| UpdateGain | Procedure | Rudder_Cmd_Tustin_ | Updates value of j 
j         j       j  Integrator      |  integral gain j 
II!                I I 

3.3.4.2.9.2.10.8.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.9 UPDATE_RUDDER_INTEGRATOR_LIMIT UNIT DESIGN 

Updates the current value of the limit on output from the rudder control loop 
integrator. 
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i 
3.3.4.2.9.2.10.9.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.9.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.9.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name              | Type       | Description         | 

| Fin Deflections 
1   " 
1 

Generic Float | Output from rudder    | 
|  control loop 
|  integrator         j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name        |   Type       | Description | 

| New_Llmit      | Fin_Deflections | New value for limit on 
j j I  integrator output      j 

3.3.4.2.9.2.10.9.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.9.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.9.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Rudder_Integrator_Limit 
(New_Limit : in PinDeflections) is 

begin 
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Rudder_Cmd_Tustin_Integrator.Update_Liinit 
(New_Absolute_Limit => New_Liinit); 

end Update_Rudder_Integrator_Limit; 

3.3.4.2.9.2.10.9.7     UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

| Name | Type | Source | Description        | 

| Rudder_Cmd_Tustin_  | Package) Package | Implements tustin int- | 
I  Integrator       j      j Body   j  egrator for rudder 
I III  loop | 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name    | Type   | Source j Description      | 

| Update_ j Procedure j Rudder_Cmd_Tustin_ | Updates value of | 
j Limit j j Integrator | limit on integrator! 
Ill I  output | 

3.3.4.2.9.2.10.9.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.10 UPDATE_PEEDBACK_RATE_GAIN_FOR_RÜDDER UNIT DESIGN 

Updates the current value of the Rudder_Cmd_Feedback_Rate_Gain of the yaw rate 
for the rudder control loop 

3.3.4.2.9.2.10.10.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

r 
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3.3.4.2.9.2.10.10.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.10.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal  types required by this part: 

|    Name |    Type |    Description | 

|  Feed backRateGa ins      | Generic Float  | Gains to yaw    rate | 
| j I      feedback for rudder      j 
I j j      commands j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

|    Name |        Type |    Description | 

| New_Gain |  Feedback_Rate_      | New value for gain to yaw    | 
j j      Gains ~      j      rate feedback j 

3.3.4.2.9.2.10.10.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.10.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.10.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Feedback Rate_Gain For_Rudder 
(NewGain : In FeedbacERateGains)  is 

begin 

RudderCmdFeedbackRateGain :- New_Gain; 

end Update Feedback Rate Gain For Rudder; 
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3.3.4.2.9.2.10.10.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.4.2.9.2.10.10.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.11    UPDATE_ROLL_RATE_GAIN_FOR_RUDDER UNIT DESIGN 

Updates the current value of the Rudder_Cmd_Roll_Rate_Gain for the rudder 
control loop 

3.3.4.2.9.2.10.11.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.11.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.11.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

|    Name |    Type |    Description | 

|  Rudder_Cmd_Roll_Rate_  |  Generic Float 
j      Gains ~ j 

Gains to roll rate 
feedback for rudder      j 
commands j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

Name |        Type |    Description 

New_Gain |   Feedback_Rate_ 
j      Gains 

New value for gain to roll 
rate feedback 
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i 
3.3.4.2.9.2.10.11.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.11.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.11.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Roll_Rate_Gain For_Rudder 
(NewGain : in Rud3er_Cmd_Roll_Rate_Gains) is 

begin 

Rudder_Cmd_Roll_Rate_Gain :- NewGain; 

end Update_Roll_Rate_Gain_Por_Rudder; 

3.3.4.2.9.2.10.11.7 UTILIZATION OF OTHER ELEMENTS 

None. I 

3.3.4.2.9.2.10.11.8 LIMITATIONS 

None. 

3.3.4.2.9.2.10.12    UPDATE_ACCELERATION_PROPORTIONAL_GAIN UNIT DESIGN 

Updates the current value of the Acceleration_Proportional_Gain of of the 
rudder control loop 

3.3.4.2.9.2.10.12.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R064. 

3.3.4.2.9.2.10.12.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.2.10.12.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 
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The following table summarizes the generic formal types required by this part: 

| Name |  Type       | Description | 

| Acceleration_Gains   | Generic Float | Proportional gains     | 
I j to acceleration      j 
| | |  feedback | 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name        |   Type        | Description | 

| Nev_Gain      | Roll_Gains      | New value for proportional | 
j | j  gain to acceleration    j 

3.3.4.2.9.2.10.12.4 LOCAL DATA 

None. 

3.3.4.2.9.2.10.12.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.2.10.12.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Acceleration_Proportional_Gain 
(New_Gain : in Acceleration_Gains) is 

begin 

Rudder_Loop.Update_Proportional_Gain (New_Proportional_Gain ■> New_Gain); 

end Update_Acceleration_Proportional_Gain; 

3.3.4.2.9.2.10.12.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 
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| Name | Type | Source | Description        | 

| Rudder_Cmd_Integral_ | Package| Package | Implements integral | 
I Plus_Proportional_ j j Body | plus proportional | 
j  Gain = RudderLoop j      j        |  gain for rudder loop j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name    | Type   | Source | Description       | 

| Update_Pro-1 Procedure | RudderLoop | Updates value of | 
j  tional_ j       j j  proportional gain j 
I  Gain    || | | 

3.3.4.2.9.2.10.12.8 LIMITATIONS 

None. 

3.3.4.2.9.3 PITCH AUTOPILOT PACKAGE DESIGN (CATALOG *P307-0) I 

This package body implements the Pitch Autopilot function. It contains the 
instantiation of the Integral Plus Proportional Gain package for the integrator 
loop of the Normal Acceleration error, as well as subprogram bodies for 
operations declared in the package specification. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.4.2.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R059. 

3.3.4.2.9.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part:       ^ 
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|     Name Type |  Description 

,..i 

Normal_Acceleration_ 
Commands 

Acceleration_Command 
Gains 

Acceleration Gains 

FinDeflections 

Pitch Rate Gains 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Generic Float 

Type for input commands 

Gains used in Integral 
Plus_Proportional_GaTn 

Gains applied to 
filtered acceleration 
feedback 

Type for Fin Deflection 
command 

Gains applied to 
filtered pitch rate 

Data objects: 

The following table summarizes the generic formal objects required by this 
part: 

Initial_Integrator_ 
Gain 

Initial Integrator 
Limit" 

Initial_Acceleration_ 
Gain 

Initial_Pitch_Rate_ 
Gain 

Initial_Proportional_ 
Gain 

Acceleration 
Cofflmand_GaIns 

Pin Deflections 

Acceleration Gains 

Pitch Rate Gains 

Acceleration 
Command Gains 

Initial gain to 
Tustin integrator 
input 

Initial limit on 
Tustin integrator 
output 

Initial gain to 
filtered accelera- 
tion feedback 

Initial gain to 
filtered pitch 
rate feedback 

Initial proportional 
gain for integral 
loop 

3.3.4.2.9.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name 

| Pitch Rate Gain 
I 
j Acceleration Gain 

Type |  Description 

| Pitch Rate Gains 

| Acceleration_Gains 

Pitch rate feedback 
gain 

Accel, feedback 
gain 
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3.3.4.2.9.3.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.6 PROCESSING 

The following describes the processing performed by this part: 

with Signal_Processf.ng; 
separate (Autopilot) 
package body Pitch_Autopilot is 

Acceleration_Gain ; Acceleration_Gains  :■ Initial_Acceleration_Gain; 

Pitch_Rate_Gain      : Pitch_Rate_Gains      :- Initlal_Pitch_Rate_Gain} 

package Tustin_Integrator is new 
Signal_Processing.Tustin_Integrator_With Limit 

(Signals -> Normal AcceIeration_Commands, 
States -> Fin Deflections, 
GainedSignals -> Fin_Deflections, 
Gains ~ «> Acceleration Command Gains, 
Initial Tustin Gain -> Initial Integrator_Gain, 
Initial~Signal~Level -> 0.0, 
Initial~Signal~Limit -> Initial_Integrator_Llmit); 

package Pitch Loop_Integral_Plus ProportionalGain is new ' 
In t egral_Plus_Propor t i onal_GaTn 

(InputSignals -> Normal_Acceleration Commands, 
Gains- *> Acceleration_Comman?_Gains, 
IntegratedSignals -> Fln_Deflections, 
InitialProportionalGain •> Initial ProportlonalGaln, ' 
Tustin_Tntegrate -> Tustinlntegrator.Integrate); 

package Pitch_Loop renames Pitch_Loop_Integral_Plus_Proportlonal_Gain; 

end PitchAutopilot; 

3.3.4.2.9.3.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part: 
1. Signal Processing 

UTILIZATION OF EXTERNAL ELEMENTS: 

Packages: 

The following table summarizes the external packages required by this part: 
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| Name | Type   | Source | Description | 

| Tustin_Integrator_ | Generic | 1. | Exports integrate function | 
j With_Limlt j Package] j for Integral Plus_Propor- j 
j ill  tional_Gain Instantiation j 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name j    Type    j  Source    |    Description | 

j  Integral_Plus_Proportional_ |  Generic!  Package | Performs integrator    | 
\      Gain j  Packagej      Spec,   j      function on normal  j 
j III      acceleration error  j 

• 3.3.4.2.9.3.8    LIMITATIONS 

None. 

3.3.4.2.9.3.9 LLCSC DESIGN 

None. 

3.3.4.2.9.3.10 UNIT DESIGN 

3.3.4.2.9.3.10.1    INITIALIZE_PITCH_AUTOPILOT UNIT DESIGN 

Initializes state of integrator in pitch control loop. 

3.3.4.2.9.3.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S3 (2). 

3.3.4.2.9.3.10.1.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.4.2.9.3.10.1.3 INPUT/OUTPUT 

None. 

3.3.4.2.9.3.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name |    Type |   Description | 

| Gained_Signal        |  Fin_Deflections|  Value of acceleration command      | 
j j I      after applying gain j 
I  IntitlalState      j  FinDeflections |  Output state of integrator loop  j 

3.3.4.2.9.3.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Inltialize_Pitch_Autopilot 
(Normal Acceleration Command : in Normal_Acceleration_Commands; 
Measure<{_Normal Acceleration : in Accelerations; 
Measured~Pitch_Rate : in PitchRates; 
Initial_Elevator_Conimand : in Fin_Deflections) is 

Gained_Signal : Fin_Deflections; 

Initial_State : FlnDeflections; 

begin 

Gained_Signal :■ (- Normal_Acceleration_Command + 
Neasured'Normal Acceleration) * 
Initial_ProportTonal_Gain; 

InitialState :- 
Gained_Signal + 
Heasured_Normal_Acceleration * Acceleration_Gain - 
Measured_Pitch_Rate * Pitch_Rate_Gain + 
Initial_Ilevator_Command; 

Tustin Integrator.Reset (Integrator_State -> Initial_State, 
Signal -> 

Normal Acceleration Commands (0.0)); , 
{ 

end Initialize Pitch Autopilot; 
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3.3.4.2.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name 

Reset 

"*•• 

"*" 

"*" 

| Type   | Source | Description 

Procedure 

Function 

Function 

Function 

Function 

Tustinlntegrator 
from package body 

Generic Package Spec 

Generic Package Spec 

Generic Package Spec 

Generic Package Spec 

Resets state of 
integrator 

Adds acceleration cmd 
and measured accel- 
eration feedback 

Times for applying 
gain to accelera- 
tion command 

Times for applying 
gain to accelera- 
tion feedback 

Times for applying 
gain to pitch rate 
feedback 

Data types: 

The following table summarizes the types required by this part and defined in 
ancestral units: 

| Name Type Source Description           | 

| Normal Accelera Generic Generic Pkg Type for input acceleration! 
j  tion Commands Float Spec command 
j Accelerations Generic Generic Pkg Type for acceleration 

Float Spec feedbacks 
| Pitch Rates Generic Generic Pkg Type for pitch rate 

Float Spec feedback             | 
| Fin Deflections Generic Generic Pkg Data type for state of 

Float Spec integrator           | 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 
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|  Name Type Source |  Description 

| Initial Integrator Acceleration Package| 
{   Gain Command Gains Body | 
| Acceleration Gain Acceleration Package| 

Gains Body | 
| Pitch Rate Gain Pitch Rate Package| 

Gains Body | 

Gain applied to 
acceleration error 

Gain applied to 
acceleration feedback 

Gain applied to pitch 
rate feedback 

Page 552 

i 

3.3.4.2.9.3.10.1.8 LIMITATIONS 

None. 

3.3.4.2.9.3.10.2 C0MPUTE_ELEVAT0R_C0MMAND UNIT DESIGN 

Computes elevator fin deflection command. 

3.3.4.2.9.3.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R053 (2). 

3.3.4.2.9.3.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

Name Type | Description I 
Normal_Acceleration_ 

Command 
Measured_Normal_ 
Accelerations 

Measured_Pi tchRate 

<return value> 

Normal_Acceleration 
Commands 

Accelerations 

Pitch_Rates 

Fin Deflections 

Input command from 
guidance system 

Measured acceleration 
feedback 

Measured pitch rate 
feedback 

Elevator Command 

3.3.4.2.9.3.10.2.4 LOCAL DATA 

Data objects: 

* 
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The following table describes the data objects maintained by this parts 

Name Type 

Accelerations 

Normal_Acceler-\ 
ation_CoRunands 

Fin_Deflectionsj 
Pitch_Rates 

Fin Deflections! 

Description 

Filtered_Normal_ 
Acceleration 

Normal Accel- 
eratTon_Error 

Integral_Output 
Filtered_Pitch_ 
Rate 

Limi ted_Elevator_ 
Command 

Value of acceleration feedback 
after applying filter 

Difference between input accel- 
eration command and filtered 
acceleration feedback 

Output state of integrator loop 
Value of pitch rate feedback 
after applying filter 

Output value from Compute_ 
Elevator Command 

3.3.4.2.9.3.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function Compute_Elevator_Coinffland 
(Norial_Acceleration_Coinmand : in Normal_Acceleration_Coininands; 
Measured_Normal_Acceleratlon : in Accelerations; 
Measured Pitch_Rate        : in Pltch_Rates) 

return Fln_Deflections is 

Filtered Normal Acceleration : Accelerations; 
Normal_Acceleration_Error 
Integral_Output 
Filtered_Pitch_Rate 
Limi ted_Elevator_Command 

begin 

Filtered_Normal_Acceleration 

Normal Acceleration Error :■ 

: Normal Acceleration_Commands; 
: Fin_DeIlections; 
: Pitch_Rates; 
: Fin Deflections; 

Acceleration Filter (Measured Normal Acceleration 

Normal_Acceleration_ Command - 
Filtered Normal Acceleration; 

Integral_Output :• Pitch_Loop.Integrate (Normal_Acceleration_Error); 

Filtered_Pitch_Rate :- Pitch_Rate_Filter (Measured_Pitch_Rate); 

Limited_Elevator Command !■ 
Limit (Integral_Output - 

Filtered_Normal Acceleration * Acceleration_Gain + 
Filtered Pitch Rate *  Pitch Rate Gain); 

return (Limited Elevator Command); 
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end Compute_Elevator_Command; 

3.3.4.2.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component; 

| Name | Type | Source | Description 

| Pitch_Loop_Integral_ | Package] Package 
j Plus_Proportional_ j      j Body 
j Gain (renamed: j      j 
j Pitch_Loop) j      j 

| Implements integrator | 
j loop for normal j 
j acceleration error j 

I I 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

| Name Type Source Description            | 

| Acceleration Function Generic Pkg Performs filter function on 
j  Filter Spec Acceleration feedback 
l "_n Function Generic Pkg Minus for calculating 
! 
1 

Spec normal acceleration error 
in integral loop 

| Integrate Function Pitch Loop Performs integral plus 
| package proportional gain function 
| in body 
| Pitch Rate Function Generic Pkg Performs filter function on 
|  Filter Spec pitch rate feedback 
| Limit Function Generic Pkg Performs Limiter function 
1 Spec (e.g. R202) 
| "*« Function Generic Pkg Times for applying gain to 
1 Spec acceleration feedback 
| "*" Function Generic Pkg Times for applying gain to 
1 Spec Pitch Rate feedback 

Data types: 

The following table summarizes the data types required by this part and defined 
elsewhere in the parent top level component: 
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1  Name Type Source Description          | 

Normal Acceleration Generic Generic Type for input commands | 
Commands Float Pkg Spec 

Accelerations Generic Generic Type for acceleration  | 
Float Pkg Spec feedbacks          | 

Pitch Rates Generic Generic Type for pitch rate    | 
Float Pkg Spec feedback 

Fin Deflections Generic Generic Type for Fin Deflection | 
Float Pkg Spec output             | 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent  top level component: 

| Name I Type | Source | Description I 
| Acceleration_Gain  | Acceleration_| Package] Gain applied to              | 
I I Gains            j Body j acceleration feedback! 
j PitchRateGain      j Pitch_Rate_    j Package! Gain applied to pitch  j 
j | Gains            | Body j rate feedback               j 

3.3.4.2.9.3.10.2.8    LIMITATIONS 

None. 

3.3.4.2.9.3.10.3    UPDATE_PITCH_RATE_GAIN UNIT DESIGN 

Updates the current value of the Pitch_Rate_Gain 

3.3.4.2.9.3.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S3. 

3.3.4.2.9.3.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.10.3.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 
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|    Name |     Type |     Description | 

|  Pitch_Rate_Gains |   Generic Float  |  Gains applied  to \ 
j I I       filtered pitch rate      | 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

|    Name |        Type |    Description | 

|  New Gain |   Pitch_Rate_Gains  | New value for Gain applied  | 
j j I      to filtered pitch rate      j 

3.3.4.2.9.3.10.3.4 LOCAL DATA 

None. 

3.3.4.2.9.3.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdatePitchRateGain (NewGain:  in PitchRateGains) is 

begin 

Pitch_Rate_Gain :« New_Gain; 

end Update_Pitch_Rate_Gain; 

3.3.4.2.9.3.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OP OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent top level component: 
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|  Name | Type |  Source |  Description        | 

| Pitch_Rate_Gain | Pitch_Rate_Gains| Package | Pitch rate feedback  | 
| | |  Body |    gain | 

3.3.4.2.9.3.10.3.8 LIMITATIONS 

None. 

3.3.4.2.9.3.10.4 UPDATE_ACCELERATION_GAIN UNIT DESIGN 

Updates the current value of the Acceleration_Gain 

3.3.4.2.9.3.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S3. 

3.3.4.2.9.3.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.10.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name I Type       | Description | 

| Acceleration_Gains   | Generic Float | Gains applied to      | 
j j j  filtered acceleration j 
| | |  feedback | 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name |   Type        | Description | 

| New_Gain      | Acceleration_   | New value for Gain applied | 
j j  Gains        |  to filtered acceleration j 

Ä   I I I  feedback | 
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k 
3.3.4.2.9.3.10.4.4 LOCAL DATA 

None. 

3.3.4.2.9.3.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdateAccelerationGain (New_Gain:  in AcceleratlonGains) is 

begin 

Acceleration_Gain  :- New_Gain; 

end Update_Acceleration_Gain; 

3.3.4.2.9.3.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined ' 
elsewhere in the parent top level component: 

Data objects: 

The following table summarizes the objects required by this part and defined 
elsewhere in the parent  top level component: 

|    Name | Type |    Source  |    Description | 

|  Acceleration_      | Acceleration_      |  Package  | Acceleration feedback | 
j      Gain j      Gains j      Body    j gain j 

3.3.4.2.9.3.10.4.8 LIMITATIONS 

None. 

3.3.4.2.9.3.10.5    UPDATE_INTEGRATOR_GAIN UNIT DESIGN 

Updates the current value of the Integrator_Gain 
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3.3.4.2.9.3.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R053. 

3.3.4.2.9.3.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.10.5.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name | Type       | Description | 

| Acceleration       | Generic Float | Gains applied to      | 
j  Comiiiand_GaIns     j j  acceleration commands j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name        |   Type        | Description | 

| New_Gain      j Acceleration    | New value for Gain applied | 
j j  Command_GaIns j  to acceleration commands j 

3.3.4.2.9.3.10.5.4 LOCAL DATA 

None. 

3.3.4.2.9.3.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Integrator_Gain (New_Gain:  in Acceleration_Command_Gains) is 

begin 

Tustin Integrator.Update Gain (New Gain >> New Gain); 
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end Update_Integrator_Gain; 

3.3.4.2.9.3.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name |    Type    |    Source    |    Description | 

| Tustinlntegrator        |  Package)  Package    | Implements integrator    | 
I j j    Body       j      function in pitch 
I III      loop function j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|    Name j    Type        j    Source        j Description | 

|  UpdateGain    | Procedure  j  Pitch Loop j Updates integrator gain        | 
j j j      package    |    in pitch loop function        j 
I | |      in body    | | 

3.3.4.2.9.3.10.5.8 LIMITATIONS 

None. 

3.3.4.2.9.3.10.6 UPDATE_INTEGRATOR_LIMIT UNIT DESIGN 

Updates the current value of the Integrator_Limit 

3.3.4.2.9.3.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R053. 

3.3.4.2.9.3.10.6.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.A.2.9.3.10.6.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

|    Name |    Type |    Description | 

|   Fin_Deflections |  Generic Float   |  Value for fin deflection| 
j j j      output from package 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

|    Name |        Type |    Description | 

|  New_Limit |  Fin_Deflections    |  New value for limit on 
j j j      fin deflection output        j 

3.3.4.2.9.3.10.6.4 LOCAL DATA 

None. 

3.3.4.2.9.3.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdatelntegratorLimit (New_Limit: in FinDeflections) is 

begin 

Tustin_Integrator.Update_Limit (New_Absolute_Limit -> New_Limit); 

end Update_Integrator_Limit; 

3.3.4.2.9.3.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

w / 
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Packages: 

The following table summarizes  the packages required by this part but defined 
elsewhere in the parent top level component: 

|    Name                                |    Type     |     Source    |    Description | 

|  Tustin_Integrator        |  Package)   Package    |  Implements integrator | 
|                                            I                 |     Body        I      function in pitch j 
I                                           ill      loop function j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|    Name                j    Type        |    Source        |  Description | 

|   Update_Limit   {Procedure  |   Pitch Loop  |  Updates integrator limit | 
j                            j                   j      package    j     in pitch loop function j 
I                            |                   |      in body    | | 

3.3.4.2.9.3.10.6.8    LIMITATIONS 

None. 

3.3.4.2.9.3.10.7    UPDATE_PR0P0RTI0NAL_GAIN UNIT DESIGN 

Updates the current value of the Proporational_Gain 

3.3.4.2.9.3.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S3. 

3.3.4.2.9.3.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.4.2.9.3.10.7.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 
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| Name | Type       |  Description | 

| Acceleration_Command_ | Generic Float | Gains applied to normal | 
|  Gains j |  acceleration commands j 

FORMAL PARAMETERS: 

The following table summarizes the formal parameters required by this part: 

| Name |   Type        |  Description | 

| New_Proportional| Acceleration | New value for Gain applied | 
j _Gain j Command_GaTns j to Normal_Acceleration_ | 
j j j  Commands j 

3.3.4.2.9.3.10.7.4 LOCAL DATA 

None. 

3.3.4.2.9.3.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.3.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Proportional Gain 
(New_Proportional_GaTn : in Acceleration_Command_Gains) is 

begin 

Pitch_Loop.Update_Proportional Gain 
(New_Proportional_Gain -> New_Proportional_Gain); 

end UpdateProportionalGain; 

3.3.4.2.9.3.10.7.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Packages: 

The following table summarizes the packages required by this part but defined 
elsewhere in the parent top level component: 
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|    Name |    Type    |     Source Description 

Pitch_Loop Integral_ |  Package|   Package    |  Implements integral 
Plus_Proportional_ j |     Body        |       plus propoLtional 
Gain - Pitch Loop    | | |      gain in pitch loop 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent  top level component: 

Name | Type   | Source   | Description | 

|Procedure | Pitch Loop | Updates proportional gain | | Update_ 
j Proportional_j        {  package |  in pitch loop function 
I Gain       j        j  in body j 

3.3.4.2.9.3.10.7.8 LIMITATIONS 

None. 

3.3.4.2.10 UNIT DESIGN 

None. 
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package body Autopilot is 

package body Integral_Plus_Proportional_Gain is separate; 

package body Pitch_Autopilot is separate; 

package body Lateral_Directional_Autopilot is separate; 

end Autopilot; 

^ 
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separate (Autopilot) 
package body Integral_Plus_Proportional_Gain is 

Proportional_Gain:  Gains := Initial_Proportional_Gain; 

pragma PAGE; 
function Integrate (Signal:  Input_Signals) return Integrated_Signals is 

begin 

return (Tustinlntegrate (Signal) + Signal * ProportionalGain); 

end Integrate; 

pragma PAGE; 
procedure Update_Proportional_Gain (Nev_Proportional_Gain :  in Gains)  is 

begin 

Proportional_Gain  :■ Nev_Proportional_Gain; 

end Update_Proportional_Gain; 

end Integral_Plus_Proportional_Gain; 
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vith SignalProcessing; 
separate (Autopilot) 
package body Lateral_Directional_Autopilot is 

— —Initial vaules for Aileron Control Loop 

Aileron_Cmd_Roll_Rate_Gain    : FeedbackRate Gains := 
Initial_RoTl_Rate_Gain_For_Aileron; 

Aileron_Cmd_Yaw_Rate_Gain    : Feedback_Rate_Gains :» 
Initial_Yaw_Rate_Gain_For_Aileron; 

— —Initial values for rudder control loop 

RudderCmdRollRateGain : Rudder_Cmd_Roll_Rate_Gains  :- 
Initial_Roll_Rate_Gain_For_Rudder; 

RudderCmdFeedbackRateGain    : FeedbackRateGains :- 
Ini t ial_Yaw_Rate_Gain_For_Rudder; 

— Packages for Aeliron control loop 

package Aileron_Cmd_Tustin_Integrator is nev 
Signal_Processing.Tustin_Integrator_With Limit 

(Signals •> Roll Commands, 
States -> FinjDeflections, 
GainedSignals ■> Fln'Deflections, 
Gains ~ -> Roll Command_Gains t 
Inltial_Tustin Gain     ■> Initial Aileron Integrator_Gain, 
Initial Signal~Level    -> 0.0, 
Initial~Signal~Llmit    -> Initial_Aileron_Integrator_Limit); 

package AileronCmdlntegral Plus_Proportlonal_Gain is nev 
Integral_Plui_PröportionaI_Gain 

(Input_Signals ~     ■> Roll_Coinmands, 
Gains' «> Roll Command_Gains, 
IntegratedSignals -> FinDeflections, 
Initial ProportionalGain ■> InitialRoll Command_Proportional_Gain, 
Tustin_Integrate »> Aileron_Cmd_Tustin_Integrator.Integrate); 

package AileronLoop renaaes Aileron_Cmd_Integral_Plus_Proportional_Gain; 

— Packages for rudder control loop 

package Rudder_Cmd_Tustin Integrator is nev 
Signal_ProcessTng.Tustin_Integrator_With_Limit 

(Signals " ■> Missile Accelerations, 
States -> Fin_De£lections, 
GainedSignals      •> Fin_Deflections. 
Gains -> Acceleration_Gains, 
Initial_Tustin_Gain  -> Initial_Rudder_Integrator_Gain, 
Initial_Signal_Level -> 0.0, 
Initial_Signal_Limit -> Initial_Rudder_Integrator_Limit); 

package Rudder_Cmd_Integral_Plus Proportional_Gain is nev 
Integral_Plüs_Proportional_GaTn 

(InputSignals ■> MissileAccelerations, 
Gains -> Acceleration_Gains, 
Integrated Signals      «> Fin Deflections, 
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Initial_Proportional_Gain => Initial_Acceleration_Proportional_Gain, 
Tustin_Integrate => Rudder_Cnid_Tustin_Integrator.Integrate); 

package Rudder Loop renames Rudder_Cmd_Integral_Plus_Proportional_Gain; 

pragma PAGE; 
procedure Initialize Lateral Directional Autopilot 

(InitiaT_Aileron_Command 
In i t i al_Rudder_Command 
Gravitational_Acceleration 
Roll_Command 
Roll_Attitude 
RollRate 
YawRate 
Missile_Velocity 
Lateral Acceleration 

in Fin_Deflections; 
in Fin_Deflections; 
in Gravitational_Accelerations; 
in Roll_Commands; 
in Roll Attitudes; 
in FeedEack_Rates; 
in Feedback_Rates; 
in Velocities; 
in Missile Accelerations)  is 

Gained_Roll_Command_Signal  :  Fin_Deflections; 

InitialAileronState : Fin_Deflections; 

Initial_Rudder_State : Fin_Deflections; 

begin 

GainedRollCommandSignal :> 
(Roll_Command - Roll_Attitude) * 
Initiäl_Roll_Command_Proportional_Gain; 

InitialAileron State :■ 
Initial Aileron_Coniffland - 
Gained_Roll Comiand_Signal + 
Yav Rate * Äileron_Cmd Yaw_Rate_Gain + 
RollRate * Aileron_Cm3_Yaw_Rati_Gain; 

Initial_Rudder_State :- 
Initial Rudder Command - 
(Yaw_Rate - 
(Gravitational Acceleration * Sin (Roll Attitude) 

/ Missile_Velocity) - 
(Roll Rate * Rudder_Cmd_Roll_Rate_Galn) 

) * Ru3[der_Cmd_PeedbacK_Rate_Gain - 
Lateral_Acceleration * Initial_Accelei:ation_Proportional_Gain; 

Aileron_Cmd_Tustin_Integrator. RESET 
(IntegratorStaTe ■> Initial_Aileron_State, 
Signal -> 0.0); 

Rudder_Cmd_Tus t in_In tegrat or. RESET 
(Integrator_State => Initial_Rudder_State, 
Signal => 0.0); 

end Initialize_Lateral_Directional_Autopilot; 

pragma PAGE; 
function Compute_Aileron_Rudder_Commands 
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(Roll_Command 
Roll_Attitude 
Roll_Rate 
Yaw_Rate 
Lateral_Acceleration 
MissileVelocity 
Gravitational_Acceleration 

return Aileron Rudder Commands is 

in Roll_Commands; 
in Roll Attitudes; 
in FeedEack_Rates; 
in Feedback_Rates; 
in Missile Accelerations; 
in Velocities; 
in Gravitational Accelerations) 

Pi1tered_Roll_Command 
Roll_Error 
Aileron Integral_Output 
Filtere3_Yaw_Rate 
Filtered_Lateral_Acceleratlon 
Rudder_Integral_Output 
Fin Command 

Roll_Commands; 
Roll_Commands; 
Fin Deflections; 
Feec[back_Ra t es; 
Missile Accelerations; 
FinDefleetions; 
Aileron Rudder Commands; 

begin 

—Aileron command computations 

Filtered_Roll_Command :■ Roll_Command_Filter (Roll_Command); 

Roll_Error :- FilteredRollCommand - RollAttitude; 

Roll_Error J- Roll_Brror_Limit (Roll_Brror); 

Aileron_Integral_Output :- Aileron_Loop.Integrate (RollError); 

Filtered_Yaw_Rate i- Yaw_Rate_Pllter (Yav_Rate); 

Fin_Command.Aileron Command :- 
Äileron_Coiiimand_Limit (Aileron Integral_Output - 

Filtere3_Yaw Rate * Aileron Cmd_Yaw_Rate_Gain - 
Roll_Rate * Äileron_Cmd_RolT_Rate_Gäin); 

— Rudder command computations 

Filtered_Lateral_Acceleration :> 
Acceleration Filter (Lateral Acceleration); 

Rudder Integral Output Rudder Loop.Integrate 
(Filtered Lateral Acceleration); 

Fin_Command.Rudder Command :• 
Rudder_Command_Limit 

(Rudder Integral Output + 
(Filtered Yav Rate - 
(Gravitationil_Acceleration * Sin (Roll_Attitude) / 

Misslle_Velocity) - 
RollRate * Rudder Cmd_Roll RateGain) * 
Rudder Cmd Feedback Rate Gain 

);       -      -   - 

return (Fin_Command); 

end Compute_Aileron_Rudder_Commands; 
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procedure Update_Aileron Integrator_Gain 
(New_Gain:  In Roll_Coinmand_Gains)   is 

begin 

Aileron_Cmd_Tustin_Integrator.Update_Gain (New_Gain «> New_Gain); 

end Update_Aileron_Integrator_Gain; 

pragma PAGE; 

pragma PAGE; 
procedure Update_Aileron_Integrator Limit 

(NewLimit  :   in FinDellections)  is 

begin 

Aileron_Cmd_Tustin_Integrator.Update_Limit 
(New_Absolute_Limlt -> New_Llmit); 

end Update_Aileron_Integrator_Limit; 

procedure Update_Roll_Conunand Proportional Gain 
(New_Gain:  in RoIl_Comniand_GaIns)  is 

begin 

Aileron_Loop.Update_Proportional_Gain (New_Proportional_Galn ■> New_Gain); 

end Update_Roll_Comiiiand_Proportlonal_Gain; 

pragma PAGE; 

procedure Update_Roll_Rate_Gain For Aileron 
(New_Gain :  in Pee3bacE_Rate_Gains)  is 

begin 

Aileron_Cmd_Roll_Rate_Gain 8- New_Gain; 

end Update_Roll_Rate_Gain_For_Alleron; 

procedure Update Yaw_Rate_Gain_For_Aileron 
(NewGaTn  :~in Feedback_Räte_Gains)  is 

begin 

Aileron_Cmd_Yaw_Rate_Gain :• New_Gain; 

end Update Yaw Rate Gain For Aileron; 

procedure Update Rudder_Integrator_Gain 
(New Gain : in Acceleration Gains) is 

pragma PAGE; 

pragma PAGE; 

pragma PAGE; 

begin 

Rudder Cmd Tustin Integrator.Update Gain (New Gain ■> New Gain); 
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end Update Rudder Integrator Gain; 

procedure Update_Rudder_Integrator_Liini t 
(New Limit : in Fin Deflections) is 

pragma PAGE; 

begin 

Rudder_Cmd_Tustin_Integrator.Update_Limit 
(New Absolute Limit -> New Limit); 

end Update_Rudder_Integrator_Limit; 

procedure Update_Peedback Rate_Gain For_Rudder 
(NewGain : In FeedbacE_Rate_Gains) is 

begin 

Rudder_Cmd_Feedback_Rate_Gain :- Nev_Gain; 

end Update Feedback Rate Gain For Rudder; 

pragma PAGE; 

procedure Update_Roll_Rate_Galn For Rudder 
(New_Galn :  in Rud3er_Cmd_Roll_Rate_Galns) is 

begin 

Rudder_Cmd_Roll_Rate_Gain :> Nev_Gain; 

end Update Roll Rate Gain For Rudder; 

procedure Update_Acceleration_Proportional_Gain 
(New Gain :  in Acceleration Gains) is 

pragma PAGE; 

pragma PAGE; 

begin 

Rudder_Loop.Update_Proportional_Gain (New_Proportional_Gain ■> NewGain); 

end UpdateAccelerationProportionalGain; 

end Lateral Directional Autopilot; 
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with Signal_Processing; 
separate (Autopilot) 
package body Pitch_Autopilot  is 

Acceleration_Gain :  Acceleration_Gains := Initial_Acceleration_Gain; 

Pitch_Rate_Gain      :  Pitch_Rate_Gains      := Initial_Pitch_Rate_Gain; 

package Tustin_Integrator is new 
Signal_Processing.Tustin_Integrator_With Limit 

(Signals ~ -> Normal AcceIeration_Commands, 
States »> Fin_DeIlections, 
Gained_Signals ■> Fin~Deflections, 
Gains ■> Acceleration_Command_Gains, 
Initlal_Tustin_Gain     ■> InitiallntegratorGain, 
Initial Signal_Level   -> 0.0, 
Initial~Signal_Limit    -> Initial_Integrator_Limit); 

package Pitch Loop_Integral_Plus Proportional_Gain is nev 
Integral_PTus_Propoi tional_GaTn 

(Input_Signals => Normal_Accelaration Commands, 
Gains «> Acceleration_Comman3_Gains, 
Integrated_Signals >> Pin_Deflections, 
Initial Proportional_Gain -> Initial Proportional_Gain, 
Tustin_Integrate «> Tustin_Tntegrator.Integrate); 

package PitchLoop renaaes Pitch_Loop_Integral_Plus_Proportional_Gain; ■ 

pragaa PAGE; 
procedure Initialize_Pitch_Autopilot 

(Normal Acceleration Command : in Normal_Acceleration_Commands; 
Measure?_Normal Acceleration : in Accelerations; 
Measured_Pitch_Rate :  in Pitch_Rates; 
Initial_Elevator_Command :  in Fin_De£lections) is 

GainedSignal :  Fin_Deflections; 

Inltial_State :  Fin_Deflections; 

begin 

GainedSignal :- (- Normal_Acceleration_Command + 
Measured_Normal Acceleration) * 
Ini tial_ProportTonal_Gain; 

Initial_State :- 
Gained_Signal + 
Measured_Normal_Acceleration * Acceleration_Gain - 
Measured Pitch_Rate * Pitch_Rate_Gain + 
Initial_Slevator_Command; 

Tustinlntegrator.RESET (Integrator State -> Initial_State, 
Signal       " -> 

Normal_Acceleration_Commands (0.0)); 

end Initialize Pitch Autopilot; 

i 

4 
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pragma PAGE; 
function Compute_Elevator_Command 

(Normal_Acceleration_Command    :  in Normal_Acceleration_Commands; 
Measured_Normal_Acceleration :  in Accelerations; 
Measured Pitch Rate :  in Pitch Rates) 

return Fin_Deflections  is 

Fi 1 tered_Norraal_Accelera t ion 
Normal_Acceleration_Error 
Integral Output 
Filtered~Pitch_Rate 
Limited Elevator Command 

Accelerations; 
Normal Acceleration_Commands; 
Pin_DeIlections; 
Pitch_Rates; 
Fin Deflections; 

begin 

Filtered_Normal_Acceleration :- Acceleration_Filter (Measured_Normal_Acceleration 

Normal_Acceleration_Error :-    Normal_Acceleration_Command - 
Filtered_Normal_Acceleration; 

Integral_Output  :- Pitch_Loop.Integrate (Normal_Acceleration_Error); 

Filtered_Pitch_Rate :- Pitch_Rate_Filter (Heasured_Pltch_Rate); 

Limited_Elevator Command :> 
Limit (Integral_Output - 

Filtered Normal Acceleration   * Acceleration Gain + 
Flltered~Pltch_Rate * Pitch_Rate_Gain); 

return (Limi ted_Elevator_Command); 

end Compute_Elevator_Command; 

pragma PAGE; 
procedure UpdatePltchRateGain (NewGain:  in PitchRateGains) is 

begin 

Pitch_Rate_Gain :■ Nev_Gain; 

end UpdatePltchRateGain; 

pragma PAGE; 
procedure Update_Acceleration_Gain (New_Gain:  in Acceleration_Gains) is 

begin 

Acceleratlon_Gain :« Nev_Galn; 

end Update_Acceleration_Gain; 
pragma PAGE; 

procedure UpdatelntegratorGain (NewGain:  in AccelerationCommandGains) is 

begin 

Tustin_Integrator.Update_Gain (New_Gain -> NewGain); 
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<s 
end Update_Integrator_Gain; 

pragma PAGE; 
procedure Update_Integrator_Limit  (New_Liinit:   in Fin_Deflections)   is 

begin 

Tustin_Integrator.Update_Liralt (New_Absolute_Limit -> New_Limit); 

end Update_Integrator_Limit; 
pragma PAGE; 

procedure Update_Proportional Gain 
(Nev_Proportional_GaIn ;  in Acceleration_Command_Gains)  is 

begin 

Pit chJLoo p. Upda t e_Pr opo r t i onal_Gai n 
(New_Proportional_Gain -> New_Proportional_Gain); 

end Update_Proportional_Gain; 

end Pitch Autopilot; 

I 
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3.3.5 NONGUIDANCE AND CONTROL 

& 
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CAMP Software Detailed Design Document 

3.3.5.1  AIR_DATA_PARTS (PACKAGE BODY) TLCSC P671 (CATALOG #P316-0) 

This TLCSC contains parts which can be used to monitor air conditions. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

Page 577 

3.3.5.1.1    REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements  to this 
part: 

|          Name Requirements Allocation | 

| Compute Outside Air Temperature R228 
j Compute Pressure Ratio R229 
j Compute Mach R230 
j Compute Dynamic Pressure R231 
j Compute Speed 61 Sound R232 
j BarometricAltitudelntegration R233 

3.3.5.1.2 LOCAL ENTITIES DESIGN 

•         None. 

3.3.5.1.3 INPUT/OUTPUT 

None. 

3.3.5.1.4 LOCAL DATA 

None. 

3.3.5.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.6    PROCESSING 

The following describes the processing performed by this part: 

package body Air_Data_Parts is 

function Compute_Outside_Air_Temperature 
(Total_Temperature : Temperatures; 

Mach : Mach_Numbers) 
return Temperatures is separate; 

function Compute Pressure Ratio 
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( 
(Measured_Static_Pressure   : Pressures; 
Impact_Pressure : Pressures; 
Free_Stream_Static_Pressure : Pressures) 
return Ratios is separate; 

function Compute_Mach 
(Pressure_Ratio : Ratios) 
return Mach_Numbers is separate; 

function Compute_Dynainic_Pressure 
(Free_Streain_Static_Pressure ; Pressures; 
Mach : Mach_Numbers) 
return Pressures is separate; 

function Compute_Speed_of_Sound 
(Air_Temperature : Temperatures) 
return Velocities is separate; 

package body Barometric_Altitude_Integration is separate; 

end Air_Data_Parts; 

3.3.5.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.8 LIMITATIONS 

None. 

3.3.5.1.9 LLCSC DESIGN 

3.3.5.1.9.1 BAROMETRIC ALTITUDE INTEGRATION (PACKAGE BODY) PACKAGE DESIGN (CATALOG 
#P322-0) 

This unit is a generic package vhich computes barometric altitude by 
integration of the atmospheric equation of state. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.5.1.9.1.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R233. 

3.3.5.1.9.1.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.5.1.9.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name      | 

Temperatures 

Pressures 

Distances 

Molar_Gas_ 
Constants 

Type  |       Description 

floating  | Describes air temperatures 
point type | 

floating  j Describes pressure (i.e. weight per 
point type j unit of area) 

floating  j Describes translational distances 
point type j (e.g., Feet, Meters) 

floating  j Describes the type of the Gas Constant! 
point type j needed 

Data objects: 

The following table describes the generic formal objects required by this part: 

|  Name I Type Value | Description 

| Gascons t an 11Molar_Gas 
jConstants' 

I 
|Maximum_ 
|Pressure_ 
jChange 

I 
|Pressures 

I 

N/A   |Constant which describes a 
(standard gas constant 

I 
N/A   |Maximum reasonable change 

jexpected in free stream static 
jpressure between two measurement! 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name |  Type   | Description 

I"*" |function | Multiplies the Gas Constant by a Pressure 
j j yielding a Distance 
I I 
{function | Divides a Temperature by a Pressure, 
j j yielding a Pressure 
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3.3.5.1.9.1.4 LOCAL DATA 

None. 

3.3.5.1.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.9.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Air_Data_Parts) 

package body Barometric_Altitude_Integration is 

Previous_Free Stream_Static_Pressure :  Pressures :■ Initial Free_Stream Pressure; 
Previous_OutsTde_Air Temperature : Temperatures :■ InitlalJTemperature; 
Previous_Baro_Altitu3e :  Distances  :■ Initial_Baro_Altitude; 

end BarometricAltitudelntegration; 

3.3.5.1.9.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.9.1.8 LIMITATIONS 

None. 

3.3.5.1.9.1.9 LLCSC DESIGN 

None. 

3.3.5.1.9.1.10 UNIT DESIGN 

3.3.5.1.9.1.10.1 COMPUTE_BAROMETRIC_ALTITUDE UNIT DESIGN 

This unit is a function which computes barometric altitude by integration of 
the atmospheric equation of state. 

3.3.5.1.9.1.10.1.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R233. 
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3.3.5.1.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description 

|Outside_Air_ 
Temperature 

I 

Temperatures in Temperature of the air outside 
the missile 

1 
|Free Stream 
Static Pressure — 

Pressures in Measured stalle pressure 
corrected for errors 

1 
<returned value> 

1 

Distances out Altitude in feet based on the 
barometric pressure of the 
atmosphere 

3.3.5.1.9.1.10.1.4 LOCAL DATA 

None. 

3.3.5.1.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.9.1.10.1.6    PROCESSING 

The following describes the processing performed by this part: 

function Compute_Barometric_Altitude 
(Outslde_Air_Temperature : Temperatures; 
Pree_Stream_Static_Pressure :  Pressures) 

return Distances is 

Pressure Change : Pressures; 
Baro_AltItude      : Distances; 

begin 

Pressure_Change  :» Free Stream_Static_Pressure - 
PrevIous_Free_Stream_Static_Pressure; 

if (abs PressureChange) > Maximum_Pressure_Change then 

Previous Free_Stream_Static_Pressure :■ Free_Stream_Static_Pressure; 
Baro Altitude :- Previous Biro Altitude; 
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else 

Baio_Altitude := 
Previous_Baro_Altitude - 
(0.5 * GasConstant) * 
(( (Outside_Air_Temperature / Free_Streain_Static_Pressure) + 

(Previous_Outside_Air_Temperature / 
Previous_Free_Stream_Static_Pressure) 

) * Pressure_Change); 

Prevlous_Outside_Air_Temperature ;« Outslde_Air_Temperature; 
Previous_Free_Streain Statlc_Pressure :» Free_Stream_Static_Pressure; 
Previous_Baro_Altitu3[e :- Baro_Altitude; 

end if; 

return Baro_Altitude; 

end Compute_Barometric_Altitude; 

3.3.5.1.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.9.1.10.1.8 LIMITATIONS 

None. 

3.3.5.1.10 UNIT DESIGN 

3.3.5.1.10.1 COMPUTE OUTSIDE_AIR_TEMPERATURE (FUNCTION BODY) UNIT DESIGN (CATALOG 
#P317-0)  ~ 

This i'nlt is a generic function which computes air temperature outside of a 
missile. 

3.3.5.1.10.1.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP Requirement R228 

3.3.5.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.10.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS! 
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Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Temperatures 

Mach_Numbers 

Real 

Type  |       Description 

Describes air temperatures floating 
point type 

floating 
point type 

floating 
point type 

Describes air speed as a ratio of the 
speed of sound 

General floating point type 

Data objects: 

The following table describes the generic formal objects required by this part: 

|  Name       | Type | Value |      Description | 

|Recovery_Factor | Real  | N/A   | Constant for computing Air Tempi 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type 

I«*« I function 

function 

Description 

Multiplies a Real by a Mach Number, yielding 
a Mach Number 

Divides a Temperature by a Mach Number, 
yielding a Temperature 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|  Name i   Type Mode Description 
  _ 

|Total_ 
Temperature 

jTemperatures in Air temperature measured by the 
air data instruments 

1 
JMach JMach Numbers in Missile airspeed as a fraction 

of the speed of sound 

<returned value> 

1 
|Temperatures out Temperature of the air outside 

of the missile 

3.3.5.1.10.1.4 LOCAL DATA 

None. 

3.3.5.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Air_Data_Parts) 
function Compute_OÜtside_Air_Temperature 

(Totaljremperature : Temperatures; 
Hach : Mach_Numbers) 

return Temperatures Is 

begin 

return Totaljremperature /  (1.0 + 0.2 * Recovery_Factor * Mach * Mach); 

end Compute_0utside_Air_Temperature; 

3.3.5.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.10.1.8 LIMITATIONS 

None. 

3.3.5.1.10.2 C0MPUTE_PRESSURE_RATI0 (FUNCTION BODY) UNIT DESIGN (CATALOG #P318-0) 

This unit is a generic function which computes pressure ratio from measured 
static pressure, measured impact pressure, and free stream static pressure. 
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3.3.5.1.10.2.1 REQUIREMENTS ALLOCATION 

This parts meets CAMP requirement R229 

3.3.5.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.10.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Pressures 

Ratios 

I Type      | 

floating 
point  type 

floating 
point  type 

Description 

Describes pressure (i.e. weight per 
unit of area) 

A unitless floating point type descri- 
ing ratio of one pressure to another 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type        |    Description I 
|"/" | function    |  Divides a Pressure by a Pressure, yielding a    | 
I I I  ratio | 

FORMAL PARAMETERS! 

The following table describes this part's formal parameters: 
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Name Type Mode Description 

Measured_Static_ 
Pressure 

Pressures in Static pressure measured by the 
air data system 

Iinpact_Pressure Pressures in Measured difference between totl 
pressure and static pressure 

Free Streain_ 
StatTc_Pressure 

Pressures in Measured static pressure which 
has been corrected for errors 

<returned value> Ratios out Unitless quantity computed from 
static and impact pressure 

3.3.5.1.10.2.4 LOCAL DATA 

None. 

3.3.5.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Air_Data_Parts) 
function Compute_Pressure_Ratio 

(Measured_Static_Pressure   : Pressures; 
Impact_Pressure : Pressures; 
Free_Stream_Static_Pressure : Pressures) 

return Ratios ih 

begin 

return (Heasured_Static Pressure + Impact_Pressure) / 
Pree_Stream_StatTc_Pressure; 

end Compute_Pressure_Ratio; 

3.3.5.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.10.2.8 LIMITATIONS 

None. 
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3.3.5.1.10.3 C0MPUTE_MACH (FUNCTION BODY) UNIT DESIGN (CATALOG #P319-0) 

This unit is a generic function which computes missile mach given pressure 
ratio. 

3.3.5.1.10.3.1 REQUIREMENTS ALLOCATION 

This parts meets CAHP requirement R230. 

3.3.5.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Mach Numbers 

Ratios 

|   Type |       Description | 

floating | Describes air speed as a ratio of the 
point type j speed of sound 

floating j A unitless floating point type descri- 
point type j Ing ratio of one pressure to another 

Data objects: 

The following table describes the generic formal objects required by this part: 

|  Name |   Type | Value |      Description 

|CO | Ratios | First curve fit parameter 

I I I 
|C1 | Ratios | Second curve fit parameter 

I I i 
|C2 | Ratios | Third curve fit parameter 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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|  Name \     Type Description 

Sqrt   |function | Computes the square root of Ratio, yielding a | 
!       I        I Mach Number 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode  |                      Description 
 I  

Pressure_Ratio Ratios 
 1  

in      jllnitless quantity computed from 
jstatic and impact pressures 

<returned value> Mach_Numbers 
1 

out    |Missile airspeed as a fraction 
jof the speed of sound 

3.3.5.1.10.3.4 LOCAL DATA 

None. 

3.3.5.1.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Air_Data_Parts) 
function Compute_Mäch (Pressure_Ratio : Ratios) return Mach_Numbers is 

begin 

return Sqrt (CO + Pressure_Ratio * (Cl + C2 * Pressure_Ratio)); 

end Compute_Mach; 

3.3.5.1.10.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.10.3.8 LIMITATIONS 

None. 
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3.3.5.1.10.4 COMPUTE_DYNAMIC_PRESSURE (FUNCTION BODY) UNIT DESIGN (CATALOG 
#P320-0) 

This unit is a generic function which computes dynamic pressure from missile 
mach number and free stream static pressure. 

3.3.5.1.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP Requirement R231. 

3.3.5.1.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.10.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Pressures 

Mach Numbers 

Type |      . Description 

floating | Describes pressure (i.e. weight per 
point type j unit of area) 

floating j Describes air speed as a ratio of the 
point type j speed of sound 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name    |    Type Description 

I"*" {function    | Multiplies a Pressure by a Mach Number, 
j j j yielding a Pressure 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name            Type 
I  _ _   _ 

Mode Description 
1 — 

Free_Stream     Pressures 
Static Pressure 

in Measured static pressure which 
has been corrected for errors 

Mach           Mach Numbers in Missile airspeed as a fraction 
of the speed of sound 

<returned value> Pressures out Missile dynamic pressure 

3.3.5.1.10.4.4 LOCAL DATA 

None. 

3.3.5.1.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.10.4.6 PROCESSING 

The following describes the processing performed by this part; 

separate (Air_Data_Parts) 

function Compute_Dynamic_Pressure 
(Pree_Stream~Static_Pressure : Pressures; 
Mach" : MachNumbers) 
return Pressures is 

begin 

return 0.7 * Free_Stream_Static_Pressure * (Mach * Mach); 

end Compute_Dynamic_Pressure; 

3.3.5.1.10.4.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.10.4.8 LIMITATIONS 

None. 

3.3.5.1.10.5 COMPUTE_SPEED_OF_SOUND (FUNCTION BODY) UNIT DESIGN (CATALOG #P321-0) 

This unit is a generic function which computes the speed of sound given the 
temperature of the air. 
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3.3.5.1.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R232. 

3.3.5.1.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.1.10.5.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name      | 

Temperatures 

Velocities 

Type 

floating 
point type 

floating 
point type 

|       Description 

Describes air temperatures 

Describes air speed 

I 

Data objects: 

The following table describes the generic formal objects required by this part: 

|      Name I Type Value Description 

|Speed_0f_ 
j Sound_ 
Constant 

■Velocities    |  N/A 
I 

I 

{Standard speed of sound at 
jsea level 

I 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name  | Type 

I"*« {function 

I 
I 

jSqrt   |function 

I 

Description 

Multiplies a Velocity by a Temperature, 
yielding a Velocity 

Computes the square root of a Temperature, 
yielding a Temperature 
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FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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| Name Type Mode | 

I- 
Description 

|Air Temperature |Temperatures] 

I  " I 
|<returned value>|Velocities 

in  [Temperature of the air 

I 
out  |Speed of sound in air 

3.3.5.1.10.5.4 LOCAL DATA 

None. 

3.3.5.1.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.5.1.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Air_Data_Parts) 

function ComputeSpeedof Sound (AirJTemperature : Temperatures) 
return Velocities is 

begin 

return Speed_Of_Sound_Constant * Sqrt  (AirJTemperature); 

end Compute_Speed_of_Sound; 

3.3.5.1.10.5.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.5.1.10.5.8    LIMITATIONS 

None. 
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package body Air_Data_Parts is 

function Compute_Outside_Air_Temperature 
(TotalJTemperature : Temperatures; 
Mach : Mach_Numbers) 
return Temperatures is separate; 

function Compute_Pressure Ratio 
(Measured_Static_Pressure   : Pressures; 
ImpactPressure : Pressures; 
Free_Stream_Static_Pressure : Pressures) 
return Ratios is separate; 

function Compute_Mach 
(Pressure_Ratio : Ratios) 
return Mach_Numbers is separate; 

function Corapute_Dynamic_Pressure 
(Free_Stream~Static_Pressure : Pressures; 
Mach     " : Mach_Numbers) 
return Pressures is separate; 

function Compute_Speed_Of_Sound 
(Air_Teinperatüre : Temperatures) 
return Velocities is separate; 

,^' package body BarometricAltitudelntegration is separate; 

end Air Data Parts; 

# 
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separate (Air_Data_Parts) 
function Compute_Outside_Air Temperature 

(TotalJTemperature : Temperatures; 
Mach : Mach_Numbers) 

return Temperatures is 

begin 

return TotalJTemperature / (1.0 + 0.2 * Recovery_Factor * Mach * Mach); 

end Compute_Outside_Air_Temperature; 
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separate (Air_Data_Parts) 
function Compute_Pressure_Ratio 

(Measured_Static_Pressure 
Impac t_Pressure~ 
Free_Streain_Static_Pressure 
return Ratios is 
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Pressures; 
Pressures; 
Pressures) 

begin 

return (Measured_Static Pressure + Impact_Pressure) / 
Free_Stream_StatIc_Pressure; 

end Compute Pressure Ratio; 

® 
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% 
separate (Air_Data_Parts) 
function Compute_Mach  (Pressure_Ratio  :  Ratios)  return Mach_Nuinbers is 

begin 

return Sqrt (CO + PressureRatio * (Cl + C2 * Pressure_Ratio)); 

end Compute Mach; 

i 
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separate (Air_Data_Parts) 

function Compute_Dynainic_Pressure 
(Free_Stream_Static_Pressure :  Pressures; 
Nach :  Mach_Nunibers) 

return Pressures is 

begin 

return 0.7 * Free_Stream_Static_Pressure * (Mach * Nach); 

end Compute_Dynamic_Pressure; 

^ 
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separate (Air_Data_Parts) 

function Coinpute_Speed_Of_Sound (AirJTemperature :  Temperatures) 
return Velocities is 

begin 

return Speed_Of_Sound_Constant * Sqrt (Air_Temperature); 

end Compute Speed Of Sound; 
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separate (Air_Data_Parts) 

package body Barometric_Altitude_Integration is 

Previous_Free Streani_Static_Pressure : Pressures  :- Initial Free_Stream_Pressure; 
Previous_OutsTde_Air Temperature : Temperatures  :• InitIal_Temperature; 
Previous_Baro_Altitu3e ; Distances  :» Initial_Baro_Altitude; 

pragma PAGE; 
function Compute_Barometric_Altitude 

(Outside_Aii_Temperature 
Free_Stream_Statlc_Pressure : Pressures) 
return Distances is 

Temperatures; 

Pressure Change 
BaroAltTtude 

begin 

Pressure Change 

Pressures; 
Distances; 

Free Stream_Static_Pressure - 
Previous Free Stream Static Pressure; 

if (abs Pressure_Change) > Maximum_Pressure_Change then 

Previous FreeStreamStaticPressure :- Free_Stream_Static_Pressure; 
BaroAltTtude :• PreviousBaroAltitude; 

else 

Baro_Altitude »- 
Previous Baro Altitude - 
(0.5 * Gas_Constant) * 
(( (Outslde_Air_Temperature / Free_Stream_Static_Pressure) + 

(Previous_Outside_Alr_Temperature / 
Previous~Pree_Stream~Static_Pressure) 

) * Pressure_Chänge); 

Previous_Outside_Air_Temperature :■ Outside_Air_Temperature; 
Previous_Free_Stream~Statlc_Pressure :■ Free_Stream_Static_Pressure; 
Previous_Baro_Altitu3e t- Baro_Altitude; 

end if; 

return Baro_Altitude; 

end Compute_Barometric_Altitude; 

end Barometric Altitude_Integration; 
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3.3.5.2 FUEL_C0NTR0L_PARTS TLCSC P672 (CATALOG #P1096-0) 

This TLCSC contains parts which can be used to manage missile fuel consumption. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.5.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 

| Name | Requirements Allocation | 

| ThrottleCommandManager      |       R234 | 

3.3.5.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.3 INPUT/OUTPUT 

(•'   None. 

3.3.5.2.4 LOCAL DATA 

None. 

3.3.5.2.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.6 PROCESSING 

The following describes the processing performed by this part: 

with Signal Processing; 
with Autopilot; 

package body Fuel_Control_Parts is 

end Fuel_Con t rol_Par t s; 

3.3.5.2.7 UTILIZATION OF OTHER ELEMENTS 

tyg^P        The following library units are with'd by this part: 
1. Signal Processing 
2. Autopilot 
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3.3.5.2.8 LIMITATIONS 

None. 

3.3.5.2.9 LLCSC DESIGN 

3.3.5.2.9.1    THROTTLE_COMMAND_MANAGER PACKAGE DESIGN 

This LLCSC is a generic package which manages the throttle command. 

The decomposition for this part  is the same as that shown in the Top-Level 
Design Document. 

3.3.5.2.9.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP Requirement R234. 

3.3.5.2.9.1.2 LOCAL ENTITIES DESIGN 

Packages: 

The packages Integral PlusProportionalGain, Tustin_Integrator_With_Limit, 
Tustin_Integrator_VitH_Asyimetric_Limit7 and Absolute_Limiter are instantiated 
inside the package body. 

Subprograms: 

This package contains a sequence of statements which are executed when this 
part is elaborated. This code initializes the state of the throttle command 
manager. 

3.3.5.2.9.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

|MachNumbers    }floating 
i 
I 
|Mach_Number_ 
jGains 
i 
|Throttle_ 
Commands 

Type |       Description 

|Represents missile speed as a ratio of 
point type j the speed of sound 

Ifloating [Represents a gain which converts from 
point type [Mach Number to Throttle Command 

ifloating [Represents a command to open/close 
point type jthe throttle 

I 
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Data objects: 

The following table describes the generic formal objects required by this part: 

| Name Type [Mode Description          | 

Initial_Mach_ 
Command 

Mach_ 
Numbers 

in Mach Number of missile at 
startup 

Initial Mach_ 
Feedback 

Mach_ 
Numbers 

in Mach Feedback from missile 
at startup 

Initial Mach_ 
Error_Llmit 

Mach_ 
Numbers 

in Limit of Mach Error 

Initlal_Mach_ 
Error_Gain 

Mach_ 
Number_Gain 

in Gain to convert from mach 
error to raw throttle command 

Initial Nach 
Error Integral 
Limit 

Throttle_ 
Commands 

in Limit for Mach Error Integral 
at startup 

Initial_Throttle_ 
Command 

Throttle_ 
Commands- 

in Throttle Command at startup 

InitialThrottle 
CommandRateLimTt 

Throttle_ 
Commands 

in Limit on Throttle Command Rate 
at startup 

Initial_Lower_ 
Throttle Command 
Limit 

Throttle_ 
Commands- 

in Lower Limit of Throttle 
Command 

Initial_Upper_ 
Throttle Command 
Limit 

Throttle_ 
Commands 

in Upper Limit of Throttle 
Command 

Initial Throttle 
Bandwidth 

Throttle_ 
Commands 

in 3 db bandwidth of the throttle 
command 

Subprograms: 

The following table dti,   «s the generic formal subroutines required by this 
part; 

| Name | Type Description 

|"*"    [function | Multiplies a Mach Number by a Mach_Number_Gain| 
j       j        j yielding a ThrottIe_Command j 
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3.3.5.2.9.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name 

1 Mach Error 

JThrottle_Command 
| Rate 

jStored Throttle_ 
j Command 

|Raw_Throttle_ 
Command 

jInitial IPP_ 
jIntegral 

|  Type | Description 

|Mach_   |Difference between Measured Mach and 
jNumbers {requested Mach 

|Throttle_|Rate at which the throttle is being 
I Commands jopened or closed 

jThrottle_jPrevious Throttle Command 
jCommands j 

jThrottle_jComputed Throttle Command 
jCommands j(not limited) 

|Throttle_|The initial state computed and sent 
JCommands jto the Integral Plus Proporatlonal 
j       jGain package 

I 

3.3.5.2.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.6 PROCESSING 

The following describes the processing performed by this part: 

package body Throttle_Command_Manager is 

Mach_Error 
Throttle CommandRate 
Stored_THrot tleCommand 
RawJThrottle Command 
Initial IPP Integral 

Mach_Numbers; 
Thro 11leCommands; 
Thro 11le'Commands; 
Thro 11le'Commands; 
Throttle Commands; 

package Mach_Error_Limiter is new Signal_Processing. 
Absolute_Limiter 

(Signal Type <■> Mach Numbers, 
Initial Absolute Limit >> Initial Mach Error Limit); 

package Throttle_Command_Rate_Limiter is new Signal_Processing. 
Absolute_Limi ter 

(Signal Type -> Throttle Commands, 
Initial Absolute Limit -> Initial Throttle Command Rate Limit); 
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package IPPJTustin is new Signal_Processing. 
Tus tin_Integrator_Wi th_Limi t 

(Signals => Mach_Numbers, 
States => Throttle_Cominands, 
Gained_Signals => Throttle Commands, 
Gains => Mach NumSer Gains, 
Initial_Tustin_Gain    => InitTal_MacH_Error_Gain, 
Initial_Sdgnal_Level => Initial_Mach_Command, 
Initial_Si:ate -> Initial_Throttle Command, 
InltialSignalLlmit ■> Initial_Mach_Error_Integral_Limit)j 

package IPP Gain is new Autopilot.Integral_Plus_Proportional_Gain 
Tlnput Signals «> Mach_Numbers, 

Gains- »> Mach_Number_Gains, 
Integrated_Signals »> Throltle Commands, 
Initial_Proportional_Gain => Initial_Hach_Error_Gain, 
Tustin Integrate »> IPP Tustin.Integrale); 

package Tustin is new Signal_Processing. 
Tustin Integrator Vith Asymmetric Limit 

t 

(Signals 
States 
Gained_Signals 
Gains 
Initial Tustin_Gain 
Initial'Signal Level 
Initial~State ~ 
Inl tial~Slgnal_Lower_Liml t 

Initial Lover Throttle Command Limit, 
Initial_Signal_Upper_LimTt -> "" 

Initial_Upper_Throttle_Command_Llmit); 

> THrottIe_Commands, 
> Throttle_Commands, 
> ThrottleCommands, 
> Throttle Commands, 
> Inltial_Throttle_Bandwidth, 
> InitialThrottleCommand, 
> Initial Throttle Command, 

— —begin processing for Throttle_ 
— —Command_Manager package body " 

begin 

Mach_Error :■ 0.0; 

Mach_Error:- Mach_Error_Limiter.Limit (MachJSrror); 

RawThrottleCommand        :- InitialThrottleCommand; 
Stored_Throttle_Command :- 0.0; 

Initial_IPP_Integral :» Raw Throttle_Command - 
MacIi_Error * Initial_Mach_Error_Gain; 

IPP_Tus tin. Reset (IntegratorState -> Initlal_IPP_Integral, 
va. Signal -> Mach_Error); 

end Throttle Command Manager; 
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3.3.5.2.9.1.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part's TLCSC: 
1. Signal Processing 
2. Autopilot 

UTILIZATION OP EXTERNAL ELEMENTS: 

Packages: 

The following table summarizes the external packages required by this part: 

| Name 

Absolute Limiter 

Tustin Integrator 
Witli Limit 

Tustin_Integrator 
With Asymmetric 

Integral_Plus_ 
Proportional Gain 

Type Source | Description I 
generic 
package 

generic 
package 

generic 
package 

generic 
package 

(1) 

(1) 

(1) 

(2) 

Limits a value by an absolute 
value 

Performs a Tustin integration 
of an independent variable and 
performs an absolute limit of 
the result 

Performs a Tustin integration 
of an independent variable and 
performs an upper/lower limit 
of the result 

Performs an integral plus 
proportional gain computation 
of a subject variable 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the pare it top level component: 

|   Name Type Source |     Description       | 

Limit 

Reset 

function 

procedure 

Nach Error 
Limiter 

IPPJTustin 

Limits the Nach Error 

Initializes the Tustin 
Integrator used by the 
IPP Gain 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 
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Name 

1 Mach Numbers 

j Mach_Number_ 
I Gains 

|Throttle_ 
Commands 

Type  |       Description 

floating   |Represents missile speed as a ratio of 
point type |the speed of sound 

floating   jRepresents a gain which converts from 
point type JMach Number to Throttle Command 

floating   jRepresents a command to open/close 
point type jthe throttle 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the LLCSC package body: 

| Name 

|Mach Error 
I 
I 
[Stored Throttle_ 
jCommand 
I 
|Raw_Throttle_ 
jCommand 

Type Description 

|Mach_ 
jNumbers 
I 
JThrottleJ 
jCommands 
I 
|Throttle_ 
Commands' 

{Difference between Measured Mach and 
|requested Mach 

Previous Throttle Command 

jComputed Throttle Command 
|(not limited) 

3.3.5.2.9.1.8 LIMITATIONS 

None. 

3.3.5.2.9.1.9 LLCSC DESIGN 

None. 

3.3.5.2.9.1.10 UNIT DESIGN 

3.3.5.2.9.1.10.1 C0MPUTE_THR0TTLE_C0MMAND UNIT DESIGN 

This unit is a function which computes the new throttle command. 

3.3.5.2.9.1.10.1.1 RFQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 
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3.3.5.2.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode Description          | 

|Mach_Command Mach_ 
Numbers 

in Wanted Missile mach 

|Mach_Feedback Mach_ 
Numbers 

in Measured Missile mach 

|<returned value> Throttle_ 
Commands 

in Computed Throttle Command 

3.3.5.2.9.1.10.1.4 > LOCAL DAT/ i 

None. 

3.3.5.2.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function Compute Throttle_Coinmand 
(MacH_Command 
Mach_Feedback. 
return ThrottleCommands is 

begin 

: in Hach_Numbers; 
: in Mach Numbers) 

MachError ;- MachCommand - Mach_Feedback; 

Mach_Error:- Mach_Error_Limiter.Limit (Mach_Error); 

RawThrottleCommand :- IPPGain.Integrate (Signal ■> Mach_Error); 

Throttle_Coinmand_Rate :■ Raw_Throttle_Command - 
StoredThrot tle_Command; 

Throttle_Command_Rate :- Throttle_Command Rate_Limiter.Limit 
(Throttle Comman? Rate); 
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Stored_Throttle_Cominand :=■ Tustin.Integrate 
(Signal => Throttle_Cominand_Rate); 

return Stored_Throttle_Command; 

end Compute_Throttle_Coinmand; 

3.3.5.2.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|   Name Type Source Description       | 

| Limit function Mach Error 
Limiter 

Limits the Mach Error 

| Limit function Throttle_ 
Command Sate 
Limiter" 

Limits the Throttle Command 
Rate 

{integrate function IPP_Gain Computes the Raw Throttle 
Command 

{integrate function Tustin_ 
Integritor 

Computes the Final Throttle 
Command 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

| Name I Type Description 

| Mach_Numbers |floating 
j j point type 

I I 
|Throttle_ [floating 
I Commands | point type 

Represents missile speed as a ratio of 
the speed of sound 

Represents a command to open/close 
the throttle 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the LLCSC package body: 
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Name 

I Mach Error 

j Thro 11le_Command 
j Rate 

I Stored Throttle_ 
jCommand 

|Raw_Throttle_ 
Command 

|  Type | Description 

|Mach_   Difference between Measured Mach and 
jNumbers  requested Mach 

|Throttle_ Rate at which the throttle is being 
{Commands opened or closed 

|Throttle_ Previous Throttle Command 
I Commands 

|Throttle_ Computed Throttle Command 
{Commands (not limited) 

3.3.5.2.9.1.10.1.8 LIMITATIONS 

None. 

3.3.5.2.9.1.10.2 UPDATE_MACH_ERROk_LIMIT UNIT DESIGN 

This unit is a procedure which updates the mach error limit. 

3.3.5.2.9.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name |  Type   | Mode | Description 

|New_Limit | Mach_    | in  | New Mach Error limit 
j Numbers  | 

3.3.5.2.9.1.10.2.4 LOCAL DATA 

None. 
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3.3.5.2.9.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Mach_Error_Limit (New_Limit : in Mach_Numbers) is 
begin 

Mach_Error_Liiiiiter.Update_Llmit (New_Absolute_Limit -> New_Limit); 
end Update_Mach_Error_Limit; 

3.3.5.2.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|       Name |      Type        |    Source        | Description | 

|Update_Limit   |   function    |Mach Error    jUpdates the mach error | 
| | ILimiter     " jlimit j 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

| Name      |    Type  |       Description | 

|Mach_Numbers |floating   {Represents missile speed as a ratio of | 
j j point type j the speed of sound j 

3.3.5.2.9.1.10.2.8 LIMITATIONS 

None. 

3.3.5.2.9.1.10.3 UPDATE_MACH_ERROR_INTEGRAL_LIMIT UNIT DESIGN 

This unit is a procedure which updates the mach error integral limit. 
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3.3.5.2.9.1.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name        |  Type   | Mode |     Description | 

|Nev_Limit     | Mach_    { in  | New Mach Error integral limit | 
| j Numbers  |     j j 

i 
3.3.5.2.9.1.10.3.4 LOCAL DATA 

None. 

3.3.5.2.9.1.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdateMachErrorlntegral Limit 
(New_LTmit  :  in ThrottleCommands) is 

begin 
IPP Tustin.UpdateLimit (New AbsoluteLimit -> NewLimit); 

end Up3ate_Mach_Error_Integral_Iimi t; 

3.3.5.2.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent  top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by ^ 
this part and defined elsewhere in the parent  top level component: 
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|        Name | Type        |     Source        |            Description | 

|Update_Limit | function    |Mach_Error_ [Updates  the mach error | 
I I |Integral_      [integral limit j 
| | jLimiter           j j 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

| Name      |    Type  |       Description | 

|Mach_Numbers  |floating   jRepresents missile speed as a ratio of | 
j j point type j the speed of sound j 

3.3.5.2.9.1.10.3.8 LIMITATIONS 

None. 

3.3.5.2.9.1.10.4 UPDATE_THROTTLE_RATE_LIMIT UNIT DESIGN 

This unit is a procedure which updates the throttle rate limit. 

3.3.5.2.9.1.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name        |  Type   | Mode |     Description | 

|New_Limit      | Throttle_ | in  i New Throttle Rate limit     | 
j j Commands  11* I 
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3.3.5.2.9.1.10.4.4 LOCAL DATA 

None. 

3.3.5.2.9.1.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Update_Throttle_Rate_Limit(New_Limit  ;  in Throttle_Commands)  is 
begin 

Thro t tle_Command_Rate_Limi ter. Update_Limi t 
(New_Absolute_Limit »> New_Lirait); 

end Update_Throttle_Rate_Limit; 

3.3.5.2.9.1.10.4.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|   Name    |  Type   |  Source   |     Description        | 

|Update_Limit | function |Throttle_  [Updates the Throttle     | 
j j jCommand RatejCommand Rate limit       j 
| | |Limiter'   | | 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

|    Name | Type      | Description | 

|Throttle_ [floating        [Represents a command to open/close 
jCommands j  point type  jthe throttle j 

i 

$ 
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3.3.5.2.9.1.10.4.8 LIMITATIONS 

None. 
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3.3.5.2.9.1.10.5 UPDATE_THROTTLE_COMMAND_LIMITS UNIT DESIGN 

This unit is a procedure which updates the throttle command limits. 

3.3.5.2.9.1.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type   | Mode Description          | 

|New Lower Limit 
1  " 
I 

Throttle_ | in 
Commands' j 

New Lower Throttle Command | 
Limit                   | 

1 
JNew Upper Limit 
1 

Throttle_ | in 
Commands j 

New Upper Throttle Command j 
Limit                   | 

3.3.5.2.9.1.10.5.^ ► LOCAL DATA 

None. 

3.3.5.2.9.1.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.5.6 PROCESSING- 

The following describes  the processing performed by this part: 

procedure Update_Throttle_Command_Limits 
(New_Lower_Limit  :   in Throttle_Commands; 
New'Upper'Limit  :   in Throttle_Commands) is 

begin 
Tustin.Update_Limits (New_Lower_Limit ■> New_Lower_Limit, 

NewJJpperJLimit -> New_Upper~Limit); 
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i 
end Update_Throttle_Command_Limits; 

3.3.5.2.9.1.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|   Name    |  Type   |  Source   |    Description        | 

|Update_Limit | function |Tustin     [Updates the Throttle     | 
j j j jCommand limits j 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

| Name      |    Type  |       Description | 

|Throttle_   |floating   jRepresents a command to open/dose 
jcommands    j point type jthe throttle j 

3.3.5.2.9.1.10.5.8 LIMITATIONS 

None. 

3.3.5.2.9.1.10.6 UPDATE_MACH_ERROR_GAIN UNIT DESIGN 

This unit is a procedure which updates the mach error gain 

3.3.5.2.9.1.10.6.1 REQUIREMENTS ALLOCATION 
t 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.6.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.5.2.9.1.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name        |  Type   | Mode |     Description | 

(New_Gain      | Mach_    | in  | New Mach Error Gain | 
I  ~ j Numbers  |     j | 

3.3.5.2.9.1.10.6.4 LOCAL DATA 

None. 

3.3.5.2.9.1.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdateMachErrorGain (NewGain :  in MachNumberGains) is 
begin 

IPP Tustin.UpdateGain (New_Gain -> New_Gain); 
end Up3ate_Mach_Error_Gain; 

3.3.5.2.9.1.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent top level component: 

|   Name    |  Type   |  Source   |    Description        | 

|Update_Gain | procedure |IPP_Tustin |Updates the Mach Error Gain| 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 
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i. 
|     Name | Type       | Description | 

|Mach_Numbers    | floating        (Represents missile speed as a ratio of  | 
I I  point  type   |the speed of sound 

3.3.5.2.9.1.10.6.8    LIMITATIONS 

None. 

3.3.5.2.9.1.10.7    UPDATE_THROTTLE_BANDWIDTH UNIT DESIGN 

This unit is a procedure vhich updates the 3 db throttle command bandwidth 

3.3.5.2.9.1.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R234. 

3.3.5.2.9.1.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.5.2.9.1.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name        |  Type   | Mode |      Description | 

|New_Bandwidth  | Throttle_ 
j j Commands 

in  | New Throttle Bandwidth      | 
I I 

3.3.5.2.9.1.10.7.4 LOCAL DATA 

None. 

3.3.5.2.9.1.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.5.2.9.1.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

procedure UpdateJThrottleJBandwidth 
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(New_Bandwidth :  in Throttle_Commands)  is 
begin 

Tustin.Update Gain (New Gain => New_Bandwidth); 
end Update_Throttle_Bandwi<Ith; 

3.3.5.2.9.1.10.7.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined elsewhere in the parent  top level component: 

| Name |      Type        |    Source        | Description | 

|Update_Gain    |   procedure  |Tustin {Updates the Gain (i.e., | 
I I j | throttle command bandwidth) j 

Data types: 

The following table summarizes the types required by this part and defined 
elsewhere in the LLCSC Package Specification: 

|    Name | Type      | Description | 

|Throttle_ [floating        [Represents a command to open/close | 
[Commands |  point type [the throttle j 

3.3.5.2.9.1.10.7.8 LIMITATIONS 

None. 

3.3.5.2.10    UNIT DESIGN 

None. 
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with Signal Processing; 
with Autopilot; 

package body Fuel_Control_Parts is 

pragma PAGE; 
package body Throttle_Command_Manager is 

MachJError : Mach_Numbers; 
Throttle CommandRate : ThrottleCommands; 
Stored_TRrottle_Coinmand : Throttle_Commands; 
Raw_Throttle_Conuaand : Throttle_Coiiunands; 
Initial_Ipp_Tntegral : ThrottleCommands; 

package Mach_Error_Limiter is new Signal_Processing. 
Absolute_Limiter 

(Signal Type => Mach Numbers, 
InitiaI_Absolute_Limit -> InitTal_Mach_Error_Limit); 

package Throttle_Coiiunand_Rate_Limiter is new Signal_Processing. 
Absolute_Limiter 

(Signal Type «> Throttle Commands, 
Initial Absolute Limit -> Initial Throttle Command Rate Limit); 

package IppJTustin is new Signal_Processing. 
Tus t in_In tegrator_Wi th_Limi t 

(Signals -> Mach_Nümbers,   ~  "" 
States -> Throttle_Commands, 
Gained_Signals     -> Throttle Commands, 
Gains " -> Mach NumEer Gains, 
Initial_Tustin_Gain «> InitTal_MacH_Error_Gain, 
Initial Signal_Level -> Initial_Mach_Command, 
Initial'State      -> Initial Throttle Command, 
Initial_Signal_Limit -> Initial~Mach_Errör_Integral_Limit); 

package Ipp Gain is new Autopilot.Integral_Plus_Proportional_Gain 
Tlnput_Signals -> Mach_Nümbers, 
Gains- -> Mach_Number_Gains, 
Integrated_Signals      ■> Throttle Commands, 
Initial Pröportional_Gain ■> Initial_Hach_Error_Gain, 
Tustin_Integrate        -> IppJTustin.Integrate); 

package Tustin is new SignalProcessing. 
Tustin_Integrator With Asymmetric_Limit 

(Signals -> TErottIe_Commands, 
States -> Throttle'Commands, 
GainedSignals -> ThrottleCommands, 
Gains •> Throttle Commands, 
Initial_Tustin_Gain      -> Initial_Throttle_Bandwidth, 
Initial_Signal Level     -> Initial Throttle_Command, 
Initial State ~ -> Initial Throttle Command, 
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Initial_Signal_Lower_Liinit => 
Initial_Lower_Throttle_Cominand_Limit, 

Initial_Signal_Upper_Limit => 
Initial_Upper_Throttle_Command_Limit); 

pragma PAGE; 
function Compute Throttle_Command 

(MachCommand :   in Mach_Numbers; 
Mach~Feedback ;   in Mach_Numbers) 

return Throttle_Commands is 
begin 

Mach_Error  :=•    Mach_Command - Nach_Feedback; 

Mach_Error:» Mach_Error_Limiter.Limit (Mach_Error); 

RawThrottleCommand i- IppGain.Integrate (Signal -> Mach_Error); 

Throttle_Command_Rate :- Raw_Throttle_Command - 
Stored_Throttle_Command; 

Throttle_Command_Rate :■ Throttle_Command Rate_Limiter.Limit 
(Throttle_Comman3_Rate); 

Stored_Throttle_Coinmand :- Tust in. Integrate 
(Signal ■> Throttle_Command_Rate); 

return StoredThrottleCommand; M 

end Compute_Throttle_Command; 
pragma PAGE; 

procedure Update_Mach_Error_Limit (Nev_Limit  :  in Mach_Numbers)  is 
begin 

MachErrorLimiter.UpdateLimit  (NewAbsoluteLimit -> NewLimit); 
end Update_Mach_Error Limit; 

pragma PAGE; 
procedure Update_Mach_Error_Integral Limit 

(New_LTmit  :   In Throttle_Coinmands)  is 
begin 

Ipp Tustin.UpdateLimit (NewAbsoluteLimit -> New_Limit); 
end Up3ate_Mach_Error_Integral_Llmi t; 

pragma PAGE; 
procedure Update_Throttle_Rate_Limit(New_Limit  :  in ThrottleCommands) is 
begin 

Thro 11 le_Command_Rate_Limi ter. UpdateJLimi t 
(NewAbsoluteLimit -> NewLimit); 

end UpdateThrottleRateLimit; 
pragma PAGE; 

procedure UpdateJThrottle_Command_Limits 
(New_Lower_Limit  :  in Throttle_Commands; 
New_Upper_Limit  :  in Throttle~Commands)  is 

begin 
Tustin.Update_Limits (New_Lower_Limlt »> New_Lower_Limit, 

New Upper_Limit »> New~Upper_Lirai t); 
end UpdateThrottleCommand limits; ~ /K 

pragma PAGE; % 
procedure l)pdate_Mach Error_Gain (New_Gain  :  in Mach_Number_Gains)  is 
begin 
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Ipp_Tustin.Upclate_Gain (New_Gain => New_Gain); 
end Update_Mach_Error_Gain; 

pragma PAGE; 
procedure Update_Throttle_Bandwidth 

(New_Bandwidth : in Throttle Commands) is 
begin 

Tustin.Update_Gain (New Gain => New_Bandwidth); 
end Update_Throttle_Bandwi3th; 

pragma PAGE; 

— begin processing for Throttle^ 
— Command Manager package body 

begin 

MachError  :» 0.0; 

Mach_Error:= Mach_Error_Limiter.Limit  (Mach_Error); 

Raw_Throttle_Conunand        s« Initial_Throttle_Command; 
StoredThrottleCommand :- 0.0; 

Initial_Ipp_Integral :■ Raw Throttle_Command - 
MacH_Error * Initial_Mach_Error_Gain; 

Ipp_Tus tin. RESET (IntegratorState -> Initial_Ipp_Integral, 
Signal -> Mach_Brror)T 

end Throttle_Command_Manager; 

end Fuel Control Parts; 
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3.3.6    MATHEMATICAL 

dU 
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3.3.6.1 COORDINATE VECTOR MATRIX ALGEBRA (BODY) TLCSC P681 (CATALOG #P53-0) 

This part consists of generic packages and functions which define and/or 
operate on coordinate vectors and matrices. A coordinate vector is a 
three-element array. A coordinate matrix is a 3 x 3 array. These arrays are 
dimensioned with scalar types defined by the user. 

WARNING: The units in this part ASSUME the axes types used to dimension the 
arrays have a length of 3. If they do not, the units will not function 
properly. No length checks are performed by the units. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
TLCSC: 

| Name I Type | Requirements Allocation 

Vector_Operations 
Matrix~Operations 

Vector_Scalar_Operations 
Matrix Scalar_Operations 
Cross Product" 
Matrix_Vector_Multiply 
MatrixMatrix Multiply 

generic package 
generic package 

generic package 
generic package 
generic function 
generic function 
generic function 

R024, R050, R051, R052 
R070, R071, R060, R067, R072 
R078 

R054, R055 
R056, R057 
R053 
R049 
R068 

3.3.6.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.3 INPUT/OUTPUT 

None. 

3.3.6.1.4 LOCAL DATA 

None. 

3.3.6.1.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.1.6 PROCESSING 

The following describes the processing performed by this part: 

with General_Purpose_Math; 
package body Coordinate_Vector_Matrix Algebra is 

package body Matrix_Operations is separate; 

package body Matrix_Scalar_Operations is separate; 

function Cross_Product (Left  : Left Vectors; 
Right : Rlght_Vectors) 
return Result_Vectors is separate; 

function Matrix_Vector_Multiply (Matrix : Matrices; 
Vector : Input_Vectors) 
return Output_Vectors is separate; 

function MatrixMatrixMultiply (Matrixl : Left_Matrices; 
Matrix2 : Right_Matrices) 
return Result_Matrices is separate; 

end Coordinate_Vector_Matrix_Algebra; 

3.3.6.1.7 UTILIZATION OF OTHER ELEMENTS 

The following library units are with'd by this part: 
1. General_Purpose_Math (GPMath) 

3.3.6.1.8 LIMITATIONS 

None. 

3.3.6.1.9 LLCSC DESIGN 

3.3.6.1.9.1 VECTOR OPERATIONS PACKAGE DESIGN (CATALOG »P54-0) 

This part, which is a package body, provides general operations on 
three-element, coordinate vectors. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.1.9.1.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
LLCSC. 

i 

i 
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Requirement 
| Name Type Allocation  | 

1 "+" function R050        | 
l " _ " function R051        | 
| Dot Product function R052        | 
| Length function R208        i 
| Sparse Right Z Add function R205        j 
j Sparse Right X Add function R206        | 
| Sparse Right XY Subtract function R207        | 
| Set to Zero VecTor function N/A        | —   —      — 

3.3.6.1.9.1.2 LOCAL ENTITIES DESIGN 

Subprograms: 

The following table describes the subprograms maintained local to this part: 

Name Type        |    Description 

|  RSOS      |  function  |   Instantiated version of General_Purpose_Math.General_ 
j j j    Operations.Root_Sum_Of_SquaresT required by Length 
j j j    function 

3.3.6.1.9.1.3    INPUT/OUTPUT 

GENERIC PARAMETERS; 

The following generic parameters were previously described when this part was 
specified: 

Data types: 

The following table describes the generic formal types required by this part: 

|  Name Type | Description I 
Axes 
Elements 

Elements Squared 

scalar type 
floating 
point type 
floating 
point type 

Used to dimension the exported vector type 
Data type of elements in exported vector 
type 

Data type resulting from multiplying two 
objects of type Elements 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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Name Type Description 

| "*"   | function | Multiplication operator defining the operation: 
j       I        I Elements * Elements :- Elements_Squared 
I Sqrt  | function { Square root operator 

3.3.6.1.9.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type Value 

1 x Axes Axes'FIRST 
1 
1 Y 
l 

Axes Axes'SUCC(x) 
1 
1 z Axes Axes'LAST 

j Zero Vector 
1 

Vectors 0.0 

| Description I 
Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

Contant vector whose elements have 
all been set to 0.0 

3.3.6.1.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.6 PROCESSING 

The following describes the processing performed by this part: 

package body Vector_0perations is 

—declaration section- 

X 

y 
z 

: constant Axes 
: constant Axes 
: constant Axes 

Axes'FIRST; 
Axes'SUCC(X); 
Axes'LAST; 

Zero Vector : constant Vectors ?■ (others => 0.0); 

—local functions- 

function RSOS is new 
General Purpose_Math.Root Sum_of_Squares 

(ReaTjType   «> Elements, 
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SquaredJType => Elements_Squared, 
"*" -> "*»f 

Sqrt => Sqrt); 

end Vector_Operations; 

3.3.6.1.9.1.7    UTILIZATION OF OTHER ELEMENTS 

The following library units were with'd by the Coordinate_Vector Matrix_Algebra 
TLCSC: 

1.    GeneralPurposeHath (GPMath) 

UTILIZATION OF EXTERNAL ELEMENTS: 

Subprograms and task entries: 

The following table summarizes  the external subroutines and task entries 
required by this part: 

|    Name |    Type |     Source    |    Description | 

|  Root_Sum_Of_ | generic      | GPMath      |  Performs calculations necessary to      | 
I    Squares'       j    function j |    compute the length of a vector j 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Data types: 

The following data types were previously defined in the specification of this 
part: 

|    Name      |    Type    |    Range    |    Description | 

|  Vectors  |  array    | N/A |  One-dimensional array of Elements | 

3.3.6.1.9.1.8 LIMITATIONS 

None. 

3.3.6.1.9.1.9 LLCSC DESIGN 

None. 
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3.3.6.1.9.1.10    UNIT DESIGN 

3.3.6.1.9.1.10.1 "+" UNIT DESIGN (CATALOG #P693-0) 

This unit, which is a function, calculates the result of adding two vectors. 
Each vector has components in the x-, y-, and z-axes of the Cartesian 
coordinate system. 

3.3.6.1.9.1.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S0. 

3.3.6.1.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name |  Type  | Mode | Description | 

| Left  | Vectors | In   | First vector to be added | 
j Right j Vectors j In   j Second vector to be added j 

3.3.6.1.9.1.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type  | Description | 

| Answer | Vectors | Result of adding two input vectors | 

i 

3.3.6.1.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: $ 

function "+" (Left : Vectors; 
Right : Vectors) return Vectors is 
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—declaration section- 

Answer : Vectors; 

•function body- 

begin 

Answer(X) ;- Left(X) + Right(X); 
Answer(Y) :- Left(Y) + Right(Y); 
Ansver(Z)  :- Left(Z) + Right(Z); 

return Answer; 

end "+"; 

3.3.6.1.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name | Type     |  Description | 

| Axes | scalar type | Used to dimension the exported vector typej 
j Elements       j floating   j Data type of elements in exported vector 
I j point type |  type j 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name  | Type | Range | Description | 

| Vectors | array | N/A    | One-dimensional array of Elements | 

Data objects: 
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The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix_Algebra.Vector_Operations 
LLCSC: 

« 

Name I  Type 

| Axes 
I 
| Axes 
I 
| Axes 

Value 

Axes'FIRST 

Axes'SUCC(x) 

Axes'LAST 

Description 

X 

Y 

Z 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.1.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.2 "-" UNIT DESIGN (CATALOG #P694-0) 

This unit, which is a function, calculates the result of subtracting two 
vectors.  Each vector has components in the x-, y-, and z-axes of the Cartesian 
coordinate system. 

3.3.6.1.9.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S1. 

3.3.6.1.9.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

i 

Name | Type  | Mode | Description I 
| Left  | Vectors | In 
j Right  I Vectors | In 

| Vector to be subtracted from      j 
j Vector to be used as the subtrahend | 

3.3.6.1.9.1.10.2.4 LOCAL DATA 

Data objects: !g 
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The following table describes the data objects maintained by this part: 

| Name  |  Type  |  Description | 

| Answer | Vectors | Result of subtracting two input vectors | 

3.3.6.1.9.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Vectors; 
Right : Vectors) return Vectors is 

—declaration section- 

Answer : Vectors; 

—function body- 

begin 

Answer(X) :- Left(X) - Right(X); 
Answer(Y) :. Left(Y) - Right(Y); 
Answer(Z) :- Left(Z) - Right(Z); 

return Answer; 

end "-"; 

3.3.6.1.9.1.10.2.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 
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Name Type Description 

| Axes 
j Elements 

I 

| scalar type 
j floating 
j point type 

Used to dimension the exported vector typej 
Data type of elements in exported vector j 
type j 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name  | Type | Range | Description | 

| Vectors | array | N/A    | One-dimensional array of Elements | 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix_Algebra.Vector Operations 
LLCSC: 

| Name 

X 

Y 

Z 

Type 

Axes 

Axes 

Axes 

Value 

Axes'FIRST 

Axes'SUCC(x) 

Axes'LAST 

| Description 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.2.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.3 VECT0R_LENGTH UNIT DESIGN (CATALOG #P55-0) 

This unit, which is a function, calculates the length of a coordinate vector. 
The vector has components in the x-, y-, and z-axes of a Cartesian coordinate 
system. 

3.3.6.1.9.1.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R208. 
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3.3.6.1.9.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type | Mode  | Description | 

| Vector | Vectors | In    | Vector for which a length is to be calculated | 

3.3.6.1.9.1.10.3.A LOCAL DATA 

None. 

3.3.6.1.9.1.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function Vector_Length (Vector : Vectors) return Elements is 

begin 

return RSOS(Vector(X), Vector(Y), Vector(Z))5 

end Vector_Length; 

3.3.6.1.9.1.10.3.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of the Coordinate_Vector_Matrix_- 
Algebra.Vector_Operations LLCSC: 
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Name 

RSOS 

Type   |  Description 

function | Instantiated version of General_Purpose_Math.General_ 
I  Operations.Root Sum_Of_Squares 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

Name Type |    Description I 

|  Axes 
j  Elements 

scalar type  |  Used to dimension the exported vector type| 
floating        j  Data type of elements in exported vector 
point type  j     type j 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: ~ 

|    Name      |    Type    |    Range    |    Description 

| Vectors  |  array    |  N/A | One-dimensional array of Elements 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate Vector_Matrix_Algebra.Vector_Operations 
LLCSC: 

Name I    Type 

Axes 

Axes 

Axes 

|    Value |  Description 

X 

Y 

Z 

Axes'FIRST 

Axes'SUCC(x) 

Axes'LAST 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.3.8    LIMITATIONS 

None. 
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3.3.6.1.9.1.10.4    D0T_PR0DUCT UNIT DESIGN  (CATALOG #P56-0) 

This unit,  which is a function,  calculates  the dot product of two vectors. 
Each vector has components in the x-,  y-,  and z-axes of a Cartesian coordinate 
system. 

3.3.6.1.9.1.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R052. 

3.3.6.1.9.1.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type  | Mode | Description | 

| Vectorl | Vectors | In    | First vector to be used for the dot product | 
|       I       I      | operation j 
j Vector2 j Vectors j In    j Second vector to be used for the dot product 

I operation j 

3.3.6.1.9.1.10.4.4 LOCAL DATA 

Data objects: , 

The following table describes the data objects maintained by this part: 

|    Name    |    Type        |    Description | 

|  Answer  |   Elements  |  Result of performing a dot product operation  | 

3.3.6.1.9.1.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Dot_Product (Vectorl : Vectors; 
Vector2 : Vectors) return Elements Squared is 
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—declaration section- 

Answer  :  Elements_Squared; 

--function body- 

begin 

Answer :- Vectorl(X) * Vector2(X) + 
Vectorl(Y) * Vector2(Y) + 
Vectorl(Z) * Vector2(Z); 

return Answer; 

end Dot_Product; 

3.3.6.1.9.1.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name | Type     | Description { 

Axes          | scalar type 
Elements       j floating 

j point type 
ElementsSquared { floating 

| point type 

Used to dimension the exported vector type 
Data type of elements in exported vector 
type 

Data type resulting from multiplying two 
objects of type Elements 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name  | Type  | Range  | Description | 

| Vectors j array  | N/A    | One-dimensional array of Elements | 
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Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix_Algebra.Vector_Operations 
LLCSC: 

Name I Type 

| Axes 

I 
| Axes 

I 
| Axes 

I 

Value     | Description 

Axes'FIRST 

Axes'SUCC(x) 

I 
X 

Y 

Z Axes'LAST 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.4.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.5 SPARSE RIGHT Z ADD UNIT DESIGN (CATALOG #P57-0) 

This unit, which is a function, calculates the addition of two vectors. Each 
vector has components in the x-, y-, and z-axes of a Cartesian coordinate 
system. The z-component of the second vector equals 0. 

3.3.6.1.9.1.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R205. 

3.3.6.1.9.1.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type  |  Mode |  Description 

| Left  | Vectors | In 
| Right  j Vector  | In 

I       I        I 

| First vector to be added | 
|'Second vector to be added; j 
j z-component equals 0    j 
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i 
3.3.6.1.9.1.10.5.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type  | Description | 

| Answer | Vectors | Result of adding two input vectors | 

3.3.6.1.9.1.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.5.6 PROCESSING 

The following describes  the processing performed by this part: 

function Sparse_Right_Z_Add (Left    : Vectors; 
Right : Vectors) return Vectors is 

—declaration section- £ 

Answer : Vectors; 

—function body- 

begin 

Answer(X) :- Left(X) + Right(X); 
Answer(Y) :- Left(Y) + Rlght(Y); 
Answer(Z)  :- Left(Z); 

return Answer; 

end Sparse_Right2._Add; 

3.3.6.1.9.1.10.5.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: i 
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The following table summarizes  the types required by  this part and defined as 
generic formal parameters  to  the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

Name Type |     Description I 
|  Axes 
|   Elements 
I 

| scalar type | Used to dimension the exported vector typej 
I floating j Data type of elements in exported vector j 
j    point  type  j     type | 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC; 

|    Name      |    Type    |    Range    |    Description 

|  Vectors  |  array    |  N/A |  One-dimensional array of Elements 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate Vector Matrix Algebra.Vector Operations 
LLCSC: 

Name I Type 

Axes 

Axes 

Axes 

Value 

Axes'FIRST 

Axes'SUCC(x) 

Axes'LAST 

Description I 
X 

Y 

Z 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.5.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.6 SPARSE RIGHT X ADD UNIT DESIGN (CATALOG #P58-0) 

This unit, which is a function, calculates the result of adding two vectors. 
Each vector has components in the x-, y-, and z-axes of the Cartesian 
coordinate system. The x-component of the second vector equals 0. 

3.3.6.1.9.1.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R206. 
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i 
3.3.6.1.9.1.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name | Type  | Mode |  Description | 

| Left  | Vectors | In    | First vector to be added | 
j Right  j Vectors j In    j Second vector to be added; x-component j 
I      I       I      I equals 0 | 

3.3.6.1.9.1.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

  | 
| Name | Type  | Description I ^ 

| Answer | Vectors | Result of adding two input vectors | 

3.3.6.1.9.1.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

function Sparse_Right_X_Add (Left    : Vectors; 
Right  : Vectors) return Vectors is 

—declaration section- 

Answer ; Vectors; 

—function body- 

begin 
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Answer(X) := Left(X); 
Answer(Y) := Left(Y) + Right(Y); 
Answer(Z) := Left(Z) + Right(Z); 

return Answer; 

end SparseRightXAdd; 

3.3.6.1.9.1.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

Name I Type | Description I 
| Axes | scalar type | Used to dimension the exported vector typej 
j Elements       j floating   j Data type of elements In exported vector 
I j point type j type j 

The following table summarizes the types required by this part and defined in 
the package specification of the CoordinateVectorMatrixAlgebra.Vector - 
Operations LLCSC: 

| Name  | Type | Range | Description | 

| Vectors | array | N/A    | One-dimensional array of Elements | 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix Algebra.Vector_Operations 
LLCSC: 

| Name Type Value Description                    | 

X Axes Axes'FIRST Constant used to index first element 
in vector 

Y Axes Axes'SUCC(x) Constant used to index second 
element in vector 

Z Axes Axes'LAST Constant used to index last element 
in vector 



CAMP Software Detailed Design Document Page 646 

'i 
3.3.6.1.9.1.10.6.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.7 SPARSE RIGHT XY SUBTRACT UNIT DESIGN (CATALOG #P59-0) 

This unit, which is a function, calculates the result of subtracting two 
vectors. Each vector has components in the x-, y-, and z-axes of the Cartesian 
coordinate system. The x- and y-components of the second vector equal 0. 

3.3.6.1.9.1.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R207. 

3.3.6.1.9.1.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: Ü 

|    Name    |    Type      |    Mode    |    Description | 

|   Left       | Vectors  | In |   First vector to be used in subtraction | 
j  Right     j Vectors  j In |   Second vector to be used in subtraction; x-        | 
|| ||     and y- components equal 0 j 

3.3.6.1.9.1.10.7.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

j    Name    |    Type      |    Description | 

|  Answer  | Vectors  | Result of subtracting two input vectors   j 

3.3.6.1.9.1.10.7.5    PROCESS CONTROL 

Not applicable. 
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3.3.6.1.9.1.10.7.6    PROCESSING 

The  following describes the processing performed by this part: 

function Sparse_Right_XY_Subtract  (Left    : Vectors; 
Right  : Vectors) return Vectors is 

—declaration section- 

Answer  :  Vectors; 

— function body- 

begin 

Answer(X) !- U£t(X); 
Answer(Y) t- Uft(Y); 
Answer(Z)  :» Left(Z) - Right(Z); 

return Answer; 

end Sparse_Right_XY_Subtract; 

J.S.6.1.9.1.10.7.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordinate_Vector_Matrlx_Algebra.Vec;or_- 
Operations LLCSC: 

| Name | Type     | Description | 

| Axes | scalar type | Used to dimension the exported vector type| 
j Elements       | floating   j Data type of elements in exported vector | 
| j point type j  type 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 
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Name       |    Type 

Vectors   |   array 

Range    |    Description 

N/Ä |  One-dimensional array of Elements 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix_Algebra.Vector_Operations 
LLCSC; 

|    Name 

X 

Y 

Z 

|    Type      |    Value |  Description I 
| Axes   | Axes'FIRST 
i 
| Axes 
I 
| Axes 
i 

Axes'SUCC(x) 

Axes'LAST 

Constant used to index first element 
in vector 

Constant used to index second 
element in vector 

Constant used to index last element 
in vector 

3.3.6.1.9.1.10.7.8 LIMITATIONS 

None. 

3.3.6.1.9.1.10.8 SET_T0_ZER0_VBCT0R UNIT DESIGN (CATALOG #P60-0) 

This function returns a vector whose elements have all been set to 0.0. 

3.3.6.1.9.1.10.8.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.1.9.1.10.8.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.1.10.8.3 INPUT/OUTPUT 

None. 

3.3.6.1.9.1.10.8.4 LOCAL DATA 

None. 
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3.3.6.1.9.1.10.8.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.1.10.8.6 PROCESSING 

The following describes the processing performed by this part: 

function Set_to_Zero_Vector return Vectors is 

begin 

return Zero_Vector; 

end Set_to_Zero_Vector; 

3.3.6.1.9.1.10.8.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the top level component: 

Data types: 

The following table summarizes the types required by this part and defined as 
generic formal parameters to the Coordlnate^Vector_Matrix_Algebra.Vector - 
Operations LLCSC: 

| Name | Type     | Description | 

| Axes | scalar type | Used to dimension the exported vector type| 
j Elements       | floating   j Data type of elements in exported vector 
j j point type j type j 

The following table summarizes the types required by this part and defined in 
the package specification of the Coordinate_Vector_Matrix_Algebra.Vector- 
Operations LLCSC: 

| Name  | Type | Range | Description | 

| Vectors | array | N/A   | One-dimensional array of Elements | 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of the Coordinate_Vector_Matrix_Algebra.Vector Operations 
LLCSC: 

ii  I 
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| Name      |  Type  | Value     i Description | 

| Zero_Vector | Vectors | 0.0        | Contant vector whose elements have | 
j jj j  all been set to 0.0 

3.3.6.1.9.1.10.8.8 LIMITATIONS 

None. 

3.3.6.1.9.2 VECTORSCALAROPERATIONS (BODY) PACKAGE DESIGN (CATALOG #P6A-0) 

This LLCSC provides the functions to allow multiplication or division of each 
element of a vector by a scalar. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.1.9.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of requirements to this part: 

| Name | Requirement Allocation | ^^ 

| "*" | R054 | 
I Sparse XVector Scalar Multiply j R209 j 
| "/"  ~      ~    "      | R055 | 

3.3.6.1.9.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.2.3 INPUT/OUTPUT 

None. 

3.3.6.1.9.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name | Type | Description | 

x | constant Axes | Used to index first element in vector | 
y I constant Axes j Used to index second element in vector j 
z j constant Axes | Used to index last element in vector 

3.3.6.1.9.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.2.6 PROCESSING 

The following describes the processing performed by this part: 

package body Vector Scalar Operations is 

—declaration section- 

x : constant Axes :> Axes'FIRST; 
y : constant Axes :■ Axes'SUCC(x); 
z : constant Axes :■ Axes'LAST; 

end Vector_Scalar_Operations; 

3.3.6.1.9.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.2.8 LIMITATIONS 

None. 

3.3.6.1.9.2.9 LLCSC DESIGN 

None. 

3.3.6.1.9.2.10 UNIT DESIGN 

3.3.6.1.9.2.10.1 "*" UNIT DESIGN (CATALOG #P700-0) 

This unit, which is a function, multiples each element of a vector by a scalar. 
The vector has 3 elements which are components in the x-, y-, and z-axes of a 
Cartesian coordinate system. 
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<3 
3.3.6.1.9.2.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R054. 

3.3.6.1.9.2.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.2.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS; 

| Name     | Type      | Mode | Description | 

| Vector    | Vectorsl    | In    | Vector to be scaled | 
j Multiplier | Scalars     j In    | Value to be used when multiplying the j 
jj II elements of the vector j 

3.3.6.1.9.2.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

j Name j Type   j Description j 

| Answer j Vectors2 j Scaled vector as calculated by this part    | 

3.3.6.1.9.2.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.2.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Vector    : Vectorsl; 
Multiplier : Scalars) return Vectors2 is 

1 

—declaration section- 

Answer : Vectors2; 

—begin function "*,, 
(S 
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begin 

Answer(x) 
Answer(y) 
Answer(z) 

= Vector(x) * Multiplier; 
= Vector(y) * Multiplier; 
= Vector(z) * Multiplier; 

return Answer; 

end "*"; 

3.3.6.1.9.2.10.1.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent  top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined as generic parameters to the Coordinate_Vector_Matrix 
Algebra.Vector_Scalar_Operations LLCSC: 

|    Name    |    Type 

|   "*"        |   function 
I I 

|    Description 

Multiplication operator used to define the operation: 
Elementsl * Scalars «■ Elemcnts2 

Data types: 

The following table summarizes the types required by this part and defined as 
generic parameters  to the Coordinate_Vector_Matrix_Algebra.Vector_Scalar_- 
Operations LLCSC: 

Name I Type Description 

Axes 
Elementsl 

Elements2 

Scalars 

scalar type 
floating 
point type 
floating 
point type 
floating 
point type 

Used to dimension imported vector types 
Type of elements on Vectorsl 

Type of elements on Vectors2 

Data type of scale factors 

3.3.6.1.9.2.10.1.8 LIMITATIONS 

None. 
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3.3.6.1.9.2.10.2    "/" UNIT DESIGN (CATALOG #P699-0) 

This unit,  which is a function,  provides  the capability  to divide each element 
of a vector by a scalar.    The vector has  three elements which are components  in 
the x-, y-,  and z-axes of a Cartesian coordinate system. 

3.3.6.1.9.2.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R055. 

3.3.6.1.9.2.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.2.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name      |    Type |    Mode    |    Description | 

|  Vector    |  Vector2 |  In | Vector to be scaled | (j 
j  Divisor  j  Scalars j j Value each element of the vector is to 
| | | |    be divided by 

3.3.6.1.9.2.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name    |    Type |    Description | 

|  Answer |  Vectorsl |  Scaled vector as calculated by this part  | 

3.3.6.1.9.2.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.2.10.2.6 PROCESSING 

The following describes the processing performed by this part: . 

function "/" (Vector : Vectors2; 
Divisor : Scalars) return Vectorsl is 
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—declaration section- 

Answer  :  Vectorsi; 

-begin function "/" 

begin 

Answer(x) :» Vector(x) / Divisor; 
Answer(y) :■ Vector(y) / Divisor; 
Answer(z) :■ Vector(z) / Divisor; 

return Answer; 

end "/"; 

3.3.6.1.9.2.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent  top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined as generic parameters to the Coordinate_Vector_Matrix_- 
Algebra.Vector_Scalar_Operations LLCSC: 

|    Name    |    Type        |    Description | 

|  n/"        |  function | Division operator used to define the operation: | 
j j j    Elements2 / Scalars :■ Elemental j 

Data types: 

The following table summarizes the types required by this part and defined as 
generic parameters to the Coordinate Vector_Matrix Algebra.Vector_Scalar - 
Operations LLCSC: 
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Name I Type |  Description 

| Axes scalar type | 
| Elementsl floating   | 

point type | 
| Elements2 floating   | 

point type | 
| Scalars floating   | 

point type | 

Used to dimension imported vector types 
Type of elements on Vectorsl 

Type of elements on Vectors2 

Data type of scale factors 

3.3.6.1.9.2.10.2.8 LIMITATIONS 

None. 

3.3.6.1.9.2.10.3 SPARSE X VECTOR SCALAR MULTIPLY UNIT DESIGN (CATALOG #P65-0) 

This unit, which is a function, provides the capability to multiply each 
element of a vector by a scalar. The vector has 3 elements which are 
components in the x-, y-, and z-axes of a Cartesian coordinate system. The 
x-component of the vector equals 0. 

3.3.6.1.9.2.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R209. 

3.3.6.1.9.2.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.2.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type 

I Vectorsl 

| Mode | Description 

| Vector    | Vectorsl    | In 

I I            I 
| Multiplier | Scalars     | In 

i I                              i 

| Vector to be scaled; x-component 
j    equals 0 
j Value each vector element is 
j    multiplied by 

3.3.6.1.9.2.1Ü.3.4    LOCAL DATA 

Data objects: 
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The following table describes the data objects maintained by this part: 

j Name | Type      |  Description | 

| Answer | Vectors2    | Scaled vector as calculated by this part | 

3.3.6.1.9.2.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.2.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function Sparse_X_Vector_Scalar Multiply 
(Vector    ; Vectorsl; 
Multiplier : Scalars) return Vectors2 is 

—declaration section- 

Answer : Vectors2; 

—begin function Sparse_X_Vector_Scalar_Multiply 

begin 

Answer(X) :- 0.0; 
Answer(Y) :- Vector(y) * Multiplier; 
Answer(Z) :■ Vector(Z) *  Multiplier; 

return Answer; 

end Sparse_X_Vector_Scalar_Multiply; 

3.3.6.1.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined as generic parameters to the Coordinate_Vector_Matrix_ 
Algebra.Vector Scalar Operations LLCSC: 
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Name Type Description 

| "*"   | function 

I       I 
Multiplication operator used to define the operation: 
Elementsl * Scalars := Elements2 

Data types: 

The following table summarizes the types required by this part and defined as 
generic parameters to the Coordinate_Vector_Matrix_Algebra.Vector_Scalar_- 
Operations LLCSC: 

Name Type 

| Axes scalar type 
| Elementsl floating 

point type 
| Elements2 floating 

point type 
| Scalars floating 

point type 

Description 

Used to dimension imported vector types 
Type of elements on Vectorsi 

Type of elements on Vectors2 

Data type of scale factors 

3.3.6.1.9.2.10.3.8 LIMITATIONS 

None. 

3.3.6.1.9.3 MATRIX OPERATIONS PACKAGE DESIGN (CATALOG #P61-0) 

This package provides general operations on a two-dimensional coordinate 
matrix. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.1.9.3.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of requirements to this part's 
units: 

1 Requirement | 
| Name Type Allocation | 

"+" (matrices + matrices) function R070       | 
"-" (matrices - matrices) function R071       | 
"+" (matrices + elements) function R060       | 
"-" (matrices - elements) function R067       I 
Set To Identity Matrix function R072       | 
Set To Zero Matrix function R078       | 
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3.3.6.1.9.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Previously described in package specification. 

3.3.6.1.9.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type Value 

X Axes Axes'FIRST 

y Axes Axes'SUCC(X) 

z Axes Axes'LAST 

Identity 
Matrix 

Matrices 

Zero 
Matrix 

Matrices 0.0 

Description I 
Constant used to index first element 
in matrix row and/or column 

Constant used to index second element 
in matrix row and/or column 

Constant used to index last element 
in matrix row and/or column 

Identity matrix with diagonal 
elements set to 1.0 and all other 
elements set to 0.0 

Constant zero matrix vith all 
elements set to 0.0 

3.3.6.1.9.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.3.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Coordinate_Vector_Matrix_Algebra) 
package body Matrix_0perations is 

— —declaration section- 

X 
Y 
Z 

constant Axes 
constant Axes 
constant Axes 

:■ Axes'FIRST; 
:- Axes'SUCC(X); 
:• Axes'LAST; 

— the diagonal elements of Identity_Matrix will be set to 1.0 during 
—package initialization 
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Identity_Matrix  :  Matrices  := (others =>  (others => 0.0)); 

Zero Matrix :  constant Matrices  := (others => (others => 0.0)); 

— —subroutine bodies- 

function Set_to_Identity_Matrix return Matrices is separate; 

function Set  to Zero Matrix return Matrices is separate; 

—begin package Matrix Operations- 

begin 

— —initialize diagonal elements of Identity_Matrix, remaining elements have 
— —already been set to 0.0 

Identity_Matrix(X,X) 
Identlty_Matrlx(Y,Y) 
Identity Matrix(Z,Z) 

1.0; 
1.0; 
1.0; 

end Matrlx_0perations; ^jj 

3.3.6.1.9.3.7 UTILIZATION OP OTHER ELEMENTS 

None. 

3.3.6.1.9.3.8 LIMITATIONS 

None. 

3.3.6.1.9.3.9 LLCSC DESIGN 

None. 

3.3.6.1.9.3.10 UNIT DESIGN 

3.3.6.1.9.3.10.1  "+" (MATRICES + MATRICES) UNIT DESIGN (CATALOG #P695-0) 

This unit, which is a function, provides the capability to calculated the 
result of adding two matrices. Each matrix is a 3 x 3 matrix having 9 elements 
which are components in the x-, y-, a;:d z-axes of a Cartesian coordinate 
system. 
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3.3.6.1.9.3.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R070. 

3.3.6.1.9.3.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Left  | Matrices | In    | First matrix to be added | 
j Right  i Matrices j In    j Second vector to be added | 

3.3.6.1.9.3.10.1.4 LOCAL DATA 

Ä*   Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Description | 

| Answer | Matrices | Result of adding two input matrices | 

3.3.6.1.9.3.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.3.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section- 

Answer : Matrices; 

— —begin function "+" (matrices + matrices) 
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begin 

Left(X.X) + Right(X,X); 
Left(X,y) + Right(X,Y); 
Left(X,Z) + Rlght(X,Z); 

Left(Y,X) + Right(Y,X); 
Left(Y,Y) + Right(Y,Y); 
Left(Y,Z) + Right(Y,Z); 

Left(Z,X) + Right(Z,X); 
Left(Z,Y) + Right(Z,Y); 
Le£t(Z,Z) -i- Rlght(Z,Z); 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
AnswerCY.Y) 
Answer^Y^Z) 

Answer(ZtX) 
Answer(Z^Y) 
Answer(Z,Z) 

return Answer; 

end "+"; 

3.3.6.1.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.3.10.1.8 LIMITATIONS 

None. 

3.3.6.1.9.3.10.2 "-" (MATRICES - MATRICES) UNIT DESIGN (CATALOG #P696-0) 

This unit, which is a function, provides the capability to calculate the result 
of subtraction two matrices. Each matrix is a 3 x 3 matrix having 9 elements 
which are components in the x-, y-, and z-axes of a Cartesian coordinate 
system. 

3.3.6.1.9.3.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R071. 

3.3.6.1.9.3.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
< 
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Name  |  Type    | Mode i Description I 

Left  | Matrices  | In    | FirsC matrix to be treated as the minuend 
Right  I Matrices  j In    j Second matrix to be treated as the subtrahend] 

3.3.6.1.9.3.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type   | Description | 

| Answer | Matrices | Result of subtracting two input vectors | 

3.3.6.1.9.3.10.2.5 PROCESS CONTROL 

Not applicable. 

**•    3.3.6.1.9.3.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section- 

Answer : Matrices; 

—begin function "-" (matrices - matrices) 

begin 

Answer (X^) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,Y) 
Answer(Y,Z) 

Answer(ZyX) 
Answer(Z,Y) 
Answer(Z,Z) 

- Left(X,X) - Right(X,X); 
- Left(X,Y) - Right(X,Y); 
- Left(X,Z) - Right(X,Z); 

- Left(Y,X) - Right(Y,X); 
= Left(Y,Y) - Right(Y,Y); 
- Left(Y,Z) - Right(Y,Z); 

- Left(Z,X) - Right(Z,X); 
= Left(Z,Y) - Right(Z,Y); 
. Left(Z,Z) - Right(Z,Z); 
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return Answer; 

end "-"; 

3.3.6.1.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.3.10.2.8 LIMITATIONS 

None. 

3.3.6.1.9.3.10.3    "+"  (MATRICES + ELEMENTS) UNIT DESIGN (CATALOG #P697-0) 

This unit, which is a function, provides the capability to add a scalar value 
to each element of a m. trix.    The matrix is a 3 x 3 matrix having 9 elements 
which are components in the x-, y-,  and z-axes of a Cartesian coordinate 
system. 

3.3.6.1.9.3.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R060. . 

3.3.6.1.9.3.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type    | Mode | Description | 

| Matrix | Matrices  | In    | Matrix to be scaled | 
j Addend j Elements  j In    j Value to be added to each element of the j 
II II matrix | 

3.3.6.1.9.3.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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|  Name  |  Type   |  Description  | 

| Answer | Matrices | Scaled matrix | 

3.3.6.1.9.3.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.3.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Matrix : Matrices; 
Addend : Elements) return Matrices is 

—declaration section- 

Answer : Matrices; 

—begin function "+" (matrices + elements)- 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(YfX) 
Ans,er(Y,y) 
Ansver(Y,Z) 

Answer(Z,X) 
Answer(Z,Y) 
Answer(Z,Z) 

return Answer; 

end n+n', 

- Matrix(X,X) + Addend; 
- Matrix(X,Y) + Addend; 
- Matrix(X,Z) + Addend; 

Matrix(Y,X) + Addend; 
Matrix(Y,Y) + Addend; 
Matrix(Y,Z) + Addend; 

Matrix(Z,X) + Addend; 
Matrix(Z,Y) + Addend; 
Matrix(Z,Z) + Addend; 

3.3.6.1.9.3.10.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 
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3.3.6.1.9.3.10.3.8 LIMITATIONS 

None. 

3.3.6.1.9.3.10.4 "-" (MATRICES - ELEMENTS) UNIT DESIGN (CATALOG #?698-0) 

This unit, which is a function, provides the capability to subtract a scalar 
value from each element of a matrix. The matrix is a 3 x 3 matrix having 9 
elements which are components in the x-, y-, and z-axes of a Cartesian 
coordinate system. 

3.3.6.1.9.3.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R067. 

3.3.6.1.9.3.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name |    Type        |    Mode    |    Description | 

| Matrix |  Matrices   |  In | Matrix to be scaled | 
I  Subtrahend  j  Elements   j   In j  Value to be subtracted from each element     j 
I j j j    in the matrix j 

3.3.6.1.9.3.10.4.4 LOCAL DATA 

Data objects: 

The rollowing table describes the data objects maintained by this part: 

| Name | Type   | Description | 

| Answer | Matrices | Scaled matrix as calculated by this part | 

3.3.6.1.9.3.10.4.5 PROCESS CONTROL 

Not applicable. i 
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3.3.6.1.9.3.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Matrix    : Matrices; 
Subtrahend : Elements) return Matrices is 

—declaration section- 

Answer : Matrices; 

— —function body- 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Ansver(Y,X) 
Answer(YrY) 
Answer(Y,Z) 

Answer(Z,X) 
Answer(Z,Y) 
Answer(ZtZ) 

= Matrix(X,X) 
- Matrix(X,Y) 
- Matrix(X,Z) 

- Matrix(Y,X) 
- Matrlx(Y,Y) 
- Matrix(Y,Z) 

« Matrix(Z,X) 
- Matrlx(Z,Y) 
- Matrlx(Z,Z) 

Subtrahend; 
Subtrahend; 
Subtrahend; 

Subtrahend; 
Subtrahend; 
Subtrahend; 

Subtrahend; 
Subtrahend; 
Subtrahend; 

return Answer; 

end "-"; 

3.3.6.1.9.3.10.4.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.3.10.4.8 LIMITATIONS 

None. 

3.3.6.1.9.3.10.5    SET TO IDENTITY MATRIX UNIT DESIGN (CATALOG »P62-0) 

This part, which is a function, provides the capability to initialize a matrix 
to an identity matrix.    The matrix shall be a 3 x 3 matrix with 9 elements 
which are components of the x-, y-, and z-axes of the Cartesian coordinate 
system. 
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3.3.6.1.9.3.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R072. 

3.3.6.1.9.3.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.5.3 INPUT/OUTPUT 

None. 

3.3.6.1.9.3.10.5.4 LOCAL DATA 

None. 

3.3.6.1.9.3.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.3.10.5.6 PROCESSING 
I 

The following describes the processing performed by this part: ^ 

separate (Coordinate_Vector_Matrix_Algebra.Matrix_Operations) 
function Set_to_IdenTity_MaIrix return Matrices is 

begin 

return Identity_Matrix; 

end Set_to_Identity_Matrix; 

3.3.6.1.9.3.10.5.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.3.10.5.8 LIMITATIONS 

None. 

3.3.6.1.9.3.10.6 SET TO ZERO MATRIX UNIT DESIGN (CATALOG #P63-0) 

This unit, which is a function, provides the capability to initialize each 
element of a matrix to zero. The matrix is a 3 x 3 matrix having 9 elements 
which are components of the x-, y-, and z-axes of the Cartesian coordinate x 
system. ^ 
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3.3.6.1.9.3.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R078. 

3.3.6.1.9.3.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.3.10.6.3 INPUT/OUTPUT 

None. 

3.3.6.1.9.3.10.6.4 LOCAL DATA 

None. 

3.3.6.1.9.3.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.3.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Coordinate_Vector_Matrix_Algebra.Matrlx_Operations) 
function Set_to_Zero_Matrix return'Matrices is  ~ 

begin 

return Zero_Matrix; 

end SettoZeroMatrix; 

3.3.6.1.9.3.10.6.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.3.10.6.8 LIMITATIONS 

None. 

3.3.6.1.9.4 MATRIX SCALAR OPERATIONS PACKAGE DESIGN (CATALOG #P66-0) 

This LLCSC, which is a package body, provides the functions to allow 
multiplication or division of each element of a matrix by a scalar. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 
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3.3.6.1.9.4.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of requirements to this part: 
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£ 

|    Name    |    Requirement Allocation 

|   "*" |  R056 
I   "/" I  R057 

I 

3.3.6.1.9.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Previously described in package specification. 

3.3.6.1.9.4.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
i 

| Name | Type | Description 

x 

y 

z 

constant Axes 

constant Axes 

constant Axes 

Used to index first element in matrix row and/or 
column 

Used to index second elef.ant in matrix row and/or 
column 

Used to index last element in matrix row and/or 
column 

3.3.6.1.9.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.4.6 PROCESSING 

The following describes the processing performed by this part: 

separate (Coordinate_Vector_Matrix_Algebra) 
package body Matrix Scalar Operations is 

—declaration section- 
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# 

X : constant Axes := Axes'FIRST; 
Y : constant Axes := Axes'SUCC(X); 
Z : constant Axes := Axes'LAST; 

end Matrix_Scalar_Operations; 

3.3.6.1.9.4.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.4.8 LIMITATIONS 

None. 

3.3.6.1.9.4.9 LLCSC DESIGN 

None. 

3.3.6.1.9.4.10 UNIT DESIGN 

3.3.6.1.9.4.10.1 "*" UNIT DESIGN (CATALOG #P701-0) 

9L    This unit, vhich is a function, provides the capability of multiplying each 
element of a matrix by a scalar. The matrix is a 3 x 3 matrix having 9 
elements vhich are components in the x-, y-, and z-axes of a Cartesian 
coordinate system. 

3.3.6.1.9.4.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R0S6. 

3.3.6.1.9.4.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.4.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following tab1" describes this part's formal parameters: 

|    Name |    Type |    Mode    |    Description 

| Matrix | Matricesl  | In | Matrix to be scaled 
itfCK        j Multiplier j  Scalars      j  In j Value used to multiply each element of 
^P- | j | |     the matrix 
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3.3.6.1.9.4.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type    | Value  |  Description | 

| Answer | Matrices2 | N/A    | Scaled matrix as calculated by this part   | 

3.3.6.1.9.4.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.1.9.4.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Matrix    : Matricesl; 
Multiplier : Scalars) return Matrices2 is 

—declaration section- 

Answer : Natrices2; 

 begin function n*n~ 

i 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 
Answer(YfX) 
Answer(Y,Y) 
Answer(Y,Z) 
Answer(Z,X) 
Answer(Z,Y) 
Answer(Z,Z) 

- Matrix(X,X) * Multiplier; 
- Matrix(X,Y) * Multiplier; 
- Matrix(X,Z) * Multiplier; 
- Matrix(YtX) * Multiplier; 
- Matrix(YfY) * Multiplier; 
- Natrix(Y,Z) * Multiplier; 
- Matrix(Z,X) * Multiplier; 
- Matrix(Z,Y) * Multiplier; 
- Matrix(Z,Z) *  Multiplier; 

return Answer; 

end "*"; 

3.3.6.1.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 
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3.3.6.1.9.A.10.1.8 LIMITATIONS 

None. 

3.3.6.1.9.4.10.2 "/" UNIT DESIGN (CATALOG #P702-0) 

This unit, which is a function, provides the capability of dividing each 
element of a matrix by a scalar. The matrix is a 3 x 3 matrix having 9 
elements which are components in the x-, y-, and z-axes of a Cartesian 
coordinate system. 

3.3.6.1.9.4.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R057. 

3.3.6.1.9.4.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.9.4.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type      | Mode | Description | 

| Matrix | Matrices2   | In    | Matrix to be scaled | 
j Divisor j Scalars    |      j Value used to divide each element of j 
j       j j      j  the matrix j 

3.3.6.1.9.4.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type      | Description | 

| Answer | Matricesl   | Scaled matrix as calculated by this part | 

3.3.6.1.9.4.10.2.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.1.9.4.10.2.6    PROCESSING 

The following describes the processing performed by this part: 

function "/"  (Matrix    :  Matrices2; 
Divisor :  Scalars)  return Matricesl is 

—declaration section- 

Answer :  Matricesl; 

•function body- 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,Y) 
Answer(Y,Z) 

Answer(Z,X) 
Ansver(Z,Y) 
Answer(Z,Z) 

= Matrix(X,X) / Divisor; 
=. Matrix(X,Y) / Divisor; 
= Matrix(X,Z) / Divisor; 

- Matrix(Y,X) / Divisor; 
- Matrix(Y,Y) / Divisor; 
- Matrix(Y,Z) / Divisor; 

- Matrix(Z,X) / Divisor; 
. Matrix(Z,Y) / Divisor; 
- Matrix(Z,Z) / Divisor; 

return Answer; 

end "/"; 

3.3.6.1.9.4.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.9.4.10.2.8 LIMITATIONS 

None. 

3.3.6.1.10 UNIT DESIGN 

3.3.6.1.10.1 CROSS PRODUCT UNIT DESIGN (CATALOG #P67-0) 

This LLCSC, which is a function, provides the capability of calculating the 
cross product of two vectors. Each vector has three elements which are 
components in the x-, y-, and z-axes of a Cartesian coordinate system. 
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3.3.6.1.10.1.1 REQUIREMENTS ALLOCATION 

This part  meets CAMP requirement R053. 

3.3.6.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.10.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Previously described in package specification. 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

The following table describes this part's formal parameters: 

| Name  | Type | Mode Description 

I 
Left  | Left Vectors | N/A 

I    "       I 
Right  I Right Vectors | N/A 

| Matrix to be used on the left side of 
I  the cross-product operation 
I Matrix to be used on the right side of 
j  the cross-product operation 

3.3.6.1.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name Type | Description 

1 x constant Axes 
t y constant Axes | 

z constant Axes 
Answer Result Vectors | 

Used to index first element in vector 
Used to index second element in vector 
Used to index last element in vector 
Vector resulting from cross product 
operation on two input vectors 

3.3.6.1.10.1.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.1.10.1.6    PROCESSING 

The following describes  the processing performed by this part: 

separate (Coordinate_Vector_Matrix Algebra) 
function Cross_Product  (L<»ft    :  LeIt_Vectors; 

Right  :  Right Vectors)  return Result Vectors  is 

-declaration section- 

X :   constant Axes :• AXFS'FIRST; 
Y :   constant Axes :- Axes'SUCC(X); 
Z :   constant Axes  :- Axes'LAST; 

Answer  :  Result_Vectors; 

—begin function Cross_Product 

begin 

Answer(X) :• Left(Y) * Right(Z) - Left(Z) * Right(Y); 
Answer(Y) :. Left(Z) * Right(X) - Left(X) * Right(Z); 
Ansver(Z)   :« Left(X) * Right(Y) - Left(Y) * Right(X); | 

return Answer; 

end Cross_Product; 

3.3.6.1.10.1.7 UTILIZATION OP OTHER ELEMENTS 

None. 

3.3.6.1.10.1.8 LIMITATIONS 

None. 

3.3.6.1.10.2 MATRIX VECTOR MULTIPLY UNIT DESIGN (CATALOG #P68-0) 

This LLCSC, which is a function, provides the capability to multiply a matrix 
by a vector with the result being a vector. The matrix is a 3 x 3 matrix 
having 9 elements. The vectors have 3 elements. The elements are components 
in the x-, y-, and z-axes of a Cartesian coordinate system. 

3.3.6.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R049. 
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3.3.6.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.10.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS! 

Previously described in package specification. 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type Mode Description I 
| Matrix | Matrices    | In 
j Vector I Input Vectorsj In 

| Matrix to be used in calculations | 
j Vector to be used in calculations j 

3.3.6.1.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name | Type | Description 

X constant Axes 

y constant Axes 

z constant Axes 

Answer Output_Vectors 

Used to index first row/column in matrix 
and first element in vectors 

Used to index second row/column in matrix 
and second element in vectors 

Used to index last row/column in matrix 
and last element in vectors 

Vector resulting from multiplication 
operation 

3.3.6.1.10.2.5    PROCESS CONTROL 

Not applicable. 

3.3.6.1.10.2.6    PROCESSING 

The following describes the processing performed by this part: 

separate (Coordinate_Vector Matrix_Algebra) 
function Matrix_Vector_MultTply 

(Matrix :  Matrices; 
Vector :  Input_Vectors) return Output_Vectors is 
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-- —declaration section- 

X : constant Axes :» Axes'FIRST; 
Y : constant Axes := Axes'SUCC(X); 
Z : constant Axes :« Axes'LAST; 

Answer : Output_Vectors; 

—begin function Matrix_Vector_Multiply 

begin 

Answer(X) := Matrix(X,X) * Vector(X) + 
Matrix<X,Y) * Vector(Y) + 
Matrix(X,Z) * Vector(Z); 

Answer(Y) :- Matrix(Y,X) * Vector(X) + 
Matrix(Y,Y) * Vector(Y) + 
Matrix(Y,Z) * Vector(Z); 

Answer(Z) :- Matrix(Z,X) * Vector(X) + 
Matrix(Z,Y) * Vector(Y) + 
Matrix(Z,Z) * Vector(Z); 

return Answer; 

end Matrix_Vector_Multiply; 

3.3.6.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3 3.6.1.10.2.8 LIMITATIONS 

None. 

3.3.6.1.10.3 MATRIX MATRIX MULTIPLY UNIT DESIGN (CATALOG #P69-0) 

This LLCSC, which is a function, provides the capability to multiply two 
matrices. Both matrices are a 3 x 3 matrix having 9 elements which are 
components in the x-, y-, and z-axes of a Cartesian coordinate system. 

3.3.6.1.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R068. 
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3.3.6.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.1.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Previously described in package specification. 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name Type Mode | Description 

| Matrixl | Left Matrices  | In 
II"        I 
| Matrix2 | Right Matrices j In 
II"! 

| First matrix used for multiplication | 
j operation 
j Second matrix used for multiplication j 
j operation j 

3.3.6.1.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type j Description 

constant Axes 

constant Axes 

constant Axes 

Result Matrices 

Used to index first element in matrix row and/or| 
column 

Used to index second element in matrix row 
and/or column 

Used to index last element in matrix row and/or 
column 

Matrix resulting from multiplying two input 
matrices 

3.3.6.1.10.3.5    PROCESS CONTROL 

Not applicable. 

3.3.6.1.10.3.6    PROCESSING 

The following describes the processing performed by this part: 

separate (Coordinate Vector Matrix_Algebra) 
function Matrix_MatrTx Multiply 

(Matrixl  : Left Matrices; 
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Matrix2 : Right Matrices) return Result Matrices is 

-declaration section- 

X : constant Axes := Axes'FIRST; 
Y : constant Axes :» Axes'SUCC(X); 
Z : constant Axes :- Axes'LAST; 

answer : Result Matrices; 

—function body- 

begin 

—first row 

answer(X,X) :■■ 

ansver(X,Y) :> 

answer(X,Z) :> 

—second row 

Matrixl(X,X) * Matrix2(X,X) + 
Matrixl<X,Y) * Matrix2(YrX) + 
Matrixl(X,Z) * Matrix2(Z,X); 

Matrixl(X,X) ♦ Matrix2(X,Y) + 
Matrixl(X,Y) * Matrix2(Y,Y) + 
Matrixl(X,Z) * Matrlx2(Z,Y); 

Matrixl(X,X) * Matrix2(X,Z) + 
Hatrixl(X,Y) * Matrix2(Y,Z) + 
Matrixl(X,Z) * Matrix2(Z,Z); 

answer(Y,X) := Matrixl(Y,X) * Matrix2(X,X) + 
Matrlxl(Y,Y) * Matrix2(YfX) + 
Matrixl(Y,Z) * Matrix2(Z,X); 

answer(Y,Y) :- MatrixlCY.X) * Matrix2(X,Y) + 
Matrixl(Y,Y) * Matrix2(Y,Y) + 
Hatrixl(Y,Z) * Matrix2(ZfY); 

ansver(Y,Z) 

—third row 

answer(Z,X) 

answer(Z,Y) 

Matrixl(Y,X) * Matrix2(X,Z) + 
Matrixl(Y,Y) * Matrix2(Y,Z) + 
Matrixl(Y,Z) * Matrlx2(ZtZ); 

Matrixl(Z,X) * Matrix2(X,X) + 
Matrixl(Z,Y) * Matrix2(YfX) + 
Matrixl(Z,Z) * Matrix2(Z,X); 

Matrixl(Z,X) * Matrlx2(X,Y) + 
Matrixl(ZfY) * Matrlx2(Y,Y) + 
Matrixl(Z,Z) * Matrix2(Z,Y); 

answer(Z,Z) :- Matrixl(Z,X) *  Matrix2(X,Z) + 
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MatrixUZ.Y) * Matrix2(Y,Z)  + 
Matrixl(Z,Z) * Matrix2(Z,Z); 

return answer; 

end Matrix_Matrix_Multiply; 

3.3.6.1.10.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.1.10.3.8 LIMITATIONS 

None. 
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with General_Purpose_Math; 
package body Coordinate_Vector_Matrix_Algebra is 

package body MatrixOperations is separate; 

package body Matrix_Scalar_Operations is separate; 

function Cross_Product (Left  : Left_Vectors; 
Right : Right_Vectors) 
return Result_Vectors is separate; 

function Matrix_Vector_Multiply (Matrix : Matrices; 
Vector : Input_Vectors) 
return Output_Vectors is separate; 

function MatrixMatrixMultiply (Matrixl : Left Matrices; 
Matrix2 : RightMatrices) 

return Result_Matrices is separate; 

pragna PAGE; 
package body Vector Operations is 

— declaration section- 

X : constant Axes :- Axes'FIRST; 
Y : constant Axes :. Axes'SUCC(X); 
Z : constant Axes :- Axes'LAST; 

ZeroVector : constant Vectors t« (others -> 0.0); 

— local fitnctions- 

function Rsos is nev 
General Purpose_Math.Root_Suin_Of_Squares 

(ReaTjType ~ -> Elements, 
Squared Type •> ElementsSquared, 

Sqrt       >> Sqrt); 

pragna PAGE; 
function "+" (Left ; Vectors; 

Right : Vectors) return Vectors is 

• declaration section- 

Answer : Vectors; 

—function body- 
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begin 

Answer(X) := Left(X) + Right(X); 
Answer(Y) := Left(Y) + Right(Y); 
Answer(Z) := Left(Z) + Right(Z); 

return Answer; 

end "+"; 

pragna PAGE; 
function "-" (Left  : Vectors; 

Right : Vectors) return Vectors is 

— declaration section- 

Answer : Vectors; 

—function body- 

begin 

Ansver(X) :- Left(X) - Right(X); 
Ansver(Y) :- Left(Y) - Right(Y); 
Ansver(Z)  :- Left(Z) - Right(Z); 

return Answer; 

end "-"; 

pragma PAGE; 
function VectorJLength (Vector  : Vectors) return Elements is 

begin 

return Rä.os(Vector(X), Vector(Y), Vector(Z)); 

end VectorJLength; 

pragna PAGE; 
function Dot_Product (Vectorl : Vectors; 

Vector2 : Vectors) return Elements Squared is 

i 

— declaration section- 

Answer  :  Elements_Squared; 

—fi4nclion body- 
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begin 

Answer := Vectorl(X) * Vector2(X) + 
Vectorl(Y) * Vector2(Y) + 
Vectorl(Z) * Vector2(Z); 

return Answer; 

end Dot_Product; 

pragma PAGE; 
function Sparse_Right_Z_Add (Left ; Vectors; 

Right : Vectors) return Vectors Is 

— declaration section- 

Answer : Vectors; 

—function body- 

begin 

Ansver(X) :. Left(X) + Right(X); 
Ansver(Y) :. Left(Y) + Rlght(Y); 
Ansver(Z)  :- Left(Z); 

return Answer; 

end SparseRightZAdd; 

pragma PAGE; 
function Sparse_Right_X_Add (Left : Vectors; 

Right : Vectors) return Vectors is 

— declaration section- 

Ansver ; Vectors; 

—junction body- 

begin 

Answer(X)   :« Left(X); 
Answer(Y)  :- Left(Y) + Right(Y); 
Ansver(Z)  :- Left(Z) + Rights- 

return Answer; 

end Sparse Right X Add; 
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pragma PAGE; 
function Sparse_Right_Xy_Subtract (Left : Vectors; 

Right : Vectors) return Vectors is 

— declaration section- 

Answer : Vectors; 

—function body- 

begin 

Answer(X) :- Left(X); 
Answer(Y) := Left(Y); 
Answer(Z)  := Left(Z) - Right(Z); 

return Answer; 

end Sparse_Right_Xy_Subtract; 

pragma PAGE; 
function Set_To_Zero_Vector return Vectors is fi 

begin 

return Zero_Vector; 

end Set_To_Zero_Vector; 

end Vector_Operations; 

pragma PAGE; 
package body Vector Scalar Operations is 

— declaration section- 

X : constant Axes :• Axes'FIRST; 
Y : constant Axes :- Axes'SUCC(X); 
Z : constant Axes :• Axes'LAST; 

pragma PAGE; 
function "*" (Vector :  Vectorsl; 

Multiplier  :  Scalars)  return Vectors2 is 

— declaration section- 

Answer  : Vectors2; 
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— begin function " *" 

begin 

Answer(X) := Vector(X) * Multiplier; 
Answer(Y) := Vector(Y) * Multiplier; 
Answer(Z) := Vector(Z) * Multiplier; 

return Answer; 

end "*"; 

pragma PAGE; 
function "/" (Vector : Vectors2; 

Divisor ; Scalars) return Vectorsl is 

— declaration section- 

Ansver : Vectorsl; 

— begin function */" 

begin 

Ansver(X) :- Vector(X) / Divisor; 
Answer(Y) :- Vector(Y) / Divisor; 
Ansver(Z) :■ Vector(Z) / Divisor; 

return Answer; 

end "Z"; 

pragma PAGE; 
function Sparse_X_Vector_Scalar_Multiply 

(Vector   : Vectorsl; 
Multiplier : Scalars) return Vectors2 is 

— declaration section- 

•Answer  : Vectors2; 

— begin function Sparse_X Vector Scalar Multiply 

begin 

Answer(X)  :- 0.0; 
Answer(Y)  :- Vector(Y) * Multiplier; 
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Answer(Z)  := Vector(Z) * Multiplier; 

return Answer; 

end Sparse_X_Vec tor_Scalar_Mult i ply; 

end Vector_Scalar_Operations; 

end Coordinate Vector Matrix Algebra; 

i 

<S 
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separate (Coordinate_Vector_Matrix_Algebra) 
package body Matrix Operations is 

— — declaration section- 

Hi 
Y 
Z 

: constant Axes 
: constant Axes 
: constant Axes 

= Axes'FIRST; 
= Axes'SUCC(X); 
- Axes'LAST; 

— the diagonal elements of Identity Matrix will be set to 1.0 during 
—package initialization 
Identity Matrix : Matrices t- (others -> (others -> 0.0)); 

Zero Matrix : constant Matrices :■ (others ■> (others >> 0.0)); 

- subroutine bodies- 

function Set_To_Identity_Matrix return Matrices is separate; 

function Set_To_Zero_Matrix return Matrices is separate; 

pragea PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section- 

Answer :  Matrices; 

~ — begin function " +" (matrices + matrices) 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,Y) 
Answer(Y,Z) 

Answer(Z,X) 
Answer(Z,Y) 
Answer(Z,Z) 

return Answer; 

end ,,+,,; 

Left(X,X) + Right(X,X); 
Left(X,Y) + Rlght(X,Y)} 
Left(X,Z) + Right(X,Z); 

Left(Y,X) + Right(Y,X); 
Left(Y,Y) + Right(Y,Y); 
Left(Y(Z) + Right(Y,Z); 

Left(Z,X) + Right(Z,X); 
Left(Z,Y) + Right(Z,Y); 
Left(Z,Z) + Right(Z,Z); 
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pragma PAGE; 
function "-" (Left 

Right 

^ 

:  Matrices; 
:  Matrices)  return Matrices is 

• declaration section- 

Answer : Matrices; 

— —begin fiinction "-" {matrices - matrices) 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,y) 
Answer(YfZ) 

Answer(ZfX) 
Answer(Z,Y) 
Answer(Z,Z) 

. Left(X,X) 
= Left(X,Y) 
= Left(X,Z) 

- Left(Y,X) 
- Left(Y,Y) 
- Left(Y,Z) 

- Left(Z(X) 
- Left(Z,Y) 
- Left(Z,Z) 

return Answer; 

end "-"; 

pragaa PAGE; 
function "+" (Matrix 

Addend 

Right(X,X); 
Right(X,Y); 
Right(X,Z); 

Right(YfX); 
Right(Y,Y); 
Right(Y,Z); 

Right(Z,X); 
Right(ZfY)} 
Right(Z,Z); 

« 

Matrices; 
Elements) return Matrices is 

— declaration section- 

Answer : Matrices; 

— —begin function " + " (matrices + elements)- 

begin 

Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,Y) 
Answer(Y,Z) 

Matrix(X,X) + Addend; 
Matrix(X,Y) + Addend; 
Matrix(X,Z) + Addend; 

Matrix(Y,X) 
Matrix(Y,Y) 
Matrix(Y,Z) 

+ Addend; 
+ Addend; 
+ Addend; 

Answer(Z,X) :- Matrix(Z,X) + Addend; 
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Answer(Z,Y) :=. Matrix(Z,Y) + Addend; 
Answer(Z,Z) := Matrix(Z,Z) + Addend; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Matrix    : Matrices; 

Subtrahend : Elements) return Matrices is 

— declaration seclion- 

Answer : Matrices; 

-function body- 

begin 

Answer(X,X) 
Answer(X,Y) 
Ansver(X,Z) 

Matrix(X,X) - Subtrahend; 
Matrix(X,Y) - Subtrahend; 
Matrix(XtZ) - Subtrahend; 

Answer(Y,X) :- Matrix(YfX) - Subtrahend; 
Answer(Y,Y) :- Matrix(Y,Y) - Subtrahend; 
Answer(YfZ) :- Matrix(Y,Z) - Subtrahend; 

Answer(Z,X) :- Matrix(Z,X) - Subtrahend; 
Ansver(Z,Y) :- Matrix(Z,Y) - Subtrahend; 
Answer(Z>Z) :- Matrix(Z,Z) - Subtrahend; 

return Answer; 

end n-n; 

pragma PAGE; 

— begin package Matrix Operations- 

begin 

— —initiaiize diagonal elements of Identity Matrix, remaining elements have 
— —already been set to 0.0 

Identity_Matrix(XtX) 
Identity_Matrix(Y,Y) 
Identity_Matrix(Z,Z) 

end Matrix_Operations; 

- 1.0; 
= 1.0; 
- 1.0; 
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(I 
separate (Coordinate_Vector_Matrix_Algebra.Matrix_Operations) 
function Set_To_Identity_Matrix return Matrices is 

begin 

return Identity_Matrix; 

end Set To Identity Matrix; 

i 
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# 
separate (Coordinate_Vector_Matrix_Algebra.Matrix_Operations) 
function Set_To_Zero_Matrix return Matrices is 

begin 

return Zero_Matrix; 

end Set To Zero Matrix; 

Uk 

® 
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K 
separate (Coordinate_Vector_Matrix_Algebra) 
package body Matrix_Scalar_Operations is 

— —declaration seclion- 

X : constant Axes :- Axes'FIRST; 
Y : constant Axes := Axes'SUCC(X); 
Z : constant Axes :- Axes'LAST; 

pragma PAGE; 
function "*n (Matrix : Matricesl; 

Multiplier ; Scalars) return Matrices2 is 

— declaration section- 

Ansver  :  Matrices2; 

 begin junction "*" 

begin 

Answer(X,X) !- Matrix(X,X) * Multiplier; 
Answer(X,Y) !- Matrlx(X,Y) * Multiplier; 
Answer(X,Z) :- Matrix(X,Z) * Multiplier; 
Answer(Y,X) - Matrix(Y,X) * Multiplier; 
Answer(Y,Y) s - Matrlx(Y,Y) * Multiplier; 
Answer(YfZ) ; - Matrlx(Y,Z) * Multiplier; 
Answer(Z,X) : - Matrix(Z,X) * Multiplier; 
AnswerCZ.Y) : - Matrix(Z,Y) * Multiplier; 
Answer(Z,Z) : = Matrix(Z,Z) *  Multiplier; 

return Answei • • » 

end "*"; 

pragaa PAGE; 
function "/" (Ms itrix : MatricesZ; 

Di visor : Scalars) return Matricesl is 

— declaration sec tion- 

Answer  : Matricesl; 

—function body- 

begin 
< 
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Answer(X,X) 
Answer(X,Y) 
Answer(X,Z) 

Answer(Y,X) 
Answer(Y,Y) 
Answer(Y,Z) 

Answer(Z,X) 
Answer(Z,Y) 
Answer(Z,Z) 

return A*"wer; 

= Matrix(X,X) / Divisor; 
= Matrix(X,Y) / Divisor; 
= Matrix(XtZ) / Divisor; 

=. Matrix(Y,X) / Divisor; 
= Matrix(Y,Y) / Divisor; 
. Matrix(Y,Z) / Divisor; 

Matrix(Z,X) / Divisor; 
Matrix(Z,Y) 
Matrix(Z,Z) 

end "/"; 

end Matrix Scalar Operations; 

Divisor; 
Divisor; 

® 
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separate (Coordinate_Vector_Matrix Algebra) 
function Cross_Product (Left  : LeIt_Vectors; 

Right : Right Vectors) return Result Vectors is 

^ 

—  —declaration section- 

X : constant Axes := Axes'FIRST5 
Y : constant Axes :. Axes'SUCC(X); 
Z : constant Axes :- Axes'LAST; 

Answer : Result_Vectors; 

— begin function Cross Product 

begin 

Answer(X) := Left(Y) * Right(Z) - Left(Z) * r i?ht(Y); 
Answer(Y) :- Left(Z) * Right(X) - Left(X) * Rl^ht(Z); 
Answer(Z)  :- Left(X) * Right(Y) - Left(Y) * Right(X)j 

return Answer; 

end Cross_Product; & 

$ 



# 
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separate (Coordinate_Vector_Matrix_Algebra) 
function Matrix_Vector_Multiply 

(Matrix : Matrices; 
Vector : Input Vectors) return Output Vectors is 

— —declaration section- 

X :  constant Axes  :- Axes'FIRST; 
Y :  constant Axes  :■ Axes'SUCC(X); 
Z :  constant Axes  :« Axes'LAST; 

Answer ; Output_Vectors; 

— begin function Matrix Vector Multiply 

begin 

Answer(X) :- Matrix(X,X) * Vector(X) + 
Matrix(X,Y) * Vector(Y) + 
Matrix(X,Z) * Vector(Z); 

Answer(Y) :. Matrix(Y,X) * Vector(X) + 
Matrix(Y(Y) * Vector(Y) + 
Matrix(Y,Z) * Vector(Z); 

Ansver(Z) :- Matrix(Z,X) * Vector(X) + 
Matrlx(Z,Y) * Vector(Y) + 
Matrix(Z,Z) * Vector(Z); 

return Answer; 

end Matrix Vector Multiply; 
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separate (Coordinate_Vector Matrix_Algebra) 
function Matrix_Matrix_MultTply 

(Matrixl : Left_Matrices; 
Matrix2 : Right Matrices) return Result Matrices is 

— _. - dedaralion section- 

!s; 

Axes' 
Axes' 
Axes' 

X 
Y 
Z 

Answer 

:  constant 
:  constant 
:  constant 

:  Result_Mj 

Axes 
Axes 
Axes 

itric€ 

FIRST; 
'SUCC(X); 
LAST; 

— _. ■ junction body- 

begin 

—first row 

Answer(X,X) 

Answer(X,Y) 

Answer(X,Z) 

Matrixl(X,X) * Matrix2(X,X) + 
Matrlxl(X,Y) * Matrix2(Y,X) + 
Matrixl(X,Z) * Matrix2(Z,X); 

Hatrixl(X,X) * Matrix2(X,Y) + 
Matrlxl(X,Y) * Matrix2(YtY) + 
Matrlxl(X,Z) * Matrix2(Z,Y); 

Matrlxl(X,X) * Matrix2(X,Z) + 
Matrixl(X,Y) * Matrix2(Y,Z) + 
Natrixl(X,Z) * Matrix2(Z,Z); 

— second row 

Answer(y,X) 

Answer(Y,Y) :■ 

Answer(Y,Z) :■ 

— third row 

Matrixl(Y,X) * Matrix2(X,X) + 
Matrixl(Y,Y) * Matrix2(YtX) + 
Matrixl(Y,Z) * Matrlx2(Z,X); 

Matrixl(Y,X) * Matrix2(X,Y) + 
Matrixl(Y,Y) * Matrix2(YfY) + 
Matrixl(Y,Z) * Matrix2(Z,Y)i! 

Matrixl(Y,X) * Matrix2(X,Z) + 
Matrixl(Y,Y) * Matrix2(Y,Z) + 
.Matrixl(Y,Z) * Matrix2(Z,Z); 

Answer(Z,X) :. Matrixl(Z,X) * Matrix2(X,X) + 
Matrixl(Z,Y) * Matrix2(Y,X) + 
Matrixl(Z,Z) * Matrix2(Z,X); 

Answer(Z,Y) :- Matrixl(Z,X) * Matrix2(X,Y) + 
Matrlxl(Z,Y) * Matrlx2(YfY) + 



CAMP Software Detailed Design Document Page 699 

Matrixl(Z,Z)  * Matrix2(Z,Y); 

Answer(Z,Z) := Matrixl(Z,X) * Matrix2(X,Z) + 
Matrixl(Z,Y) * Matrix2(Y,Z) + 
Matrixl(Z,Z) * Matrix2(Z,Z); 

return Answer; 

end Matrix Matrix Multiply; 
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SUPPLEMENTARY 

INFORMATION 



DEPARTMENT OF THE AIR FORCE 
WRIGHT LABORATORY (AFSC) 

EQLIN AIR FORCE BASE, FLORIDA. 32542-5434 

mm. 
AÖ-6/ti09)J6 13Peb92 

SUBJECT:    Ronoval of Distribution Statenent and Export-Control Warning Notices 

REPLY TO    .„.,_,. 
ATTN OF:        MNOI 

TO: Defense Technical Information Center 
ATTN: DTIC/HAR (Mr William Bush) 
Bldg 5, Cameron Station 
Alexandria, VA 22304-6145 

1. The following technical reports have been approved for public release by 
the local Public Affairs Office (copy attached). 

Technical Report Number AD Number 

K . 88-I8-V0I-4 ADB 120 251 
Z. 88-I8-V0I-5 ADB 120 252 
3. 88-I8-V0I-6 ADB 120 253 

A.  88-25-Vol-l ADB 120 309 
£>. 88-25-V01-2 ADB 120 310 

fc. 88-62-Vol-l ADB 129 568 
-?. 88-62-V01-2 ADB 129 569 
^. 88-62-V01-3 ADB 129-570 

9- 85-93-Vol-l ADB 102-654 l- 
40. 85-93-Vol-2 ADB 102-655 
M. 85-93-Vol-3 ADB 102-656 

\Z. 88-18-Vol-l ADB 120 248 
ti. 88-I8-V0I-2 ADB 120 249 
M. 88-I8-V0I-7 ADB 120 254 
IS. 88-I8-V0I-8 ADB 120 255^ 
\(o. 88-18-V01-9 ADB 120 256 
(7.88-18-Vol-lO ADB 120 257^ 
li.88-18-Vol-ll ADB 120 258 
19.88-18-Vol-12 ADB 120 259 

2. If you have any questions regarding this request call me at DSN 872-4620. 

Chief, Scientific and Technical 
Information Branch 

1 Atch 
AFDTC/PA Ltr, dtd 30 Jan 92 

ERRMft 



DEPMTimTOFTMEMiraME 
HEAOQUARTCRS AIR ranCC DEVELOPMENT TEST CENTER (AFSC) 

EQUN AIR FORCE BASE, aORIOA32S4»«000 

REPLY TO 
ATTNOF:     PA (Jim Swinson, 882-3931) 30 January 1992 

SUBJECT:    Clearance for Public Release 

TO:    WL/MNA 

The follcwing technical reports have been reviewed and are approved for 
public release:    AFÄ1L-TR-88-18  (Volumes 1 & 2), AFATD-TR-SS-IS (Volumes 
4 thru 12), AFATL-TRr88-25  (Volunes 1 & 2), AFATL-TR-88-62 (Volumes 1 thru 3) 
and AFA3J/-TR-85-93  (Volumes 1 thru 3). 

/ä/ ^ 
SINJA N.  PRIBYIA,  Lt COl, 

Chief of Public Affairs 

^ 

AFBTC/PA 92-039 


