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3.3.6.3 STANDARD TRIG (BODY) TLCSC P683 (CATALOG #P2-0)

This package provides a set of standard trigonometric functions. The functions
provided are sine, cosine, sine-cosine, tangent, arcsine, arccosine,
arcsine-arccosine, and arctangent.

This package body implements the above functions by instantiating the packages
contained in the Polynomials.System Functions package.

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

The following table illustrates the allocation of requirements to units in this
part:

| Name | Type | Requirements Allocation |

Sin function R0O86, R092, RO98
Cos function RO87, R093, R099
Sin_Cos procedure | R086, R0O87, R092

RO93, R098, RO99
Tan function RO88, R094, R100
ArcSin function RO89, R095, R101
ArcCos function R090, R096, R102
ArcSin_ArcCos | procedure | RO89, R090, R095

R096, R101, R102
ArcTan function RO91, R097, R103

ArcTan2 function N/A

3.3.6.3.2 LOCAL ENTITIES DESIGN
Subprograms:

The follovwing table describes the operators defined by this part:

| | Left Input | Right Input | |

| Name | Type | Type | Result Type

| "an | Semicircles | Radians | Radians |
Nk | Radians | Radians | Semicircles |

| nx | Sin_Cos_Ratio | Sin_Cos_Ratio | Sin_Cos_Ratio_Squared |

Packages:

The following table describes the packages contained in this part:
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| Radian Opns | Locally instantiated version of Polynomials.System_ |
| Functions.Radian Operations

Semicircle Opns | Locally instantiated version of Polynomials.System_

Functions.Semicircle Operations

Degree_Opns Locally instantiated version of Polynomials.System_
Functions.Degree Operations
Radian_Sqrt Locally instantiated version of Polynomials.System_

Functions.Square Root
Semicircle_Sqrt | Locally instantiated version of Polynomials.System
Functions.Square Root
Degree_Sqrt Locally insti. “iated version of Polynomials.System_
Functions.Square_Root

3.3.6.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:

The following generic parameters were previously defined in this part’s
specification:

Data types:

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

| Name | Type | Description |
| Angle | floating | Used to determine precision of type Radians, |

| point type | Semicircles, and Degrees |
| Trig Ratio | floating | Used to determine precision of type |
| | point type | Sin_Cos_Ratio and Tan_Ratio |

Data objects:

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

e et et  — — ———————— ————— —— T ——— T T " o . o e e 4 P A G o e i e e o o P B o e e S e S

3.3.6.3.4 LOCAL DATA
Data types:

The following table describes the data types previously defined in the package
specification of Standard Trig:



3

CAMP Softvare Detailed Design Document

| Name | Base Type | Range | Description

Radians Angle -00 .. +00 Radian unit of measurement

Semicircles Angle -00 .. +00 Semicircle unit of measurement

Degrees Angle -00 .. 400 Degree unit of measurement

Sin_Cos_Ratio | Trig Ratio -1 .. +1 Result of a sine or cosine
function

Tan_Ratio Trig_Ratio -00 .. +00 Result of a tangent function
function

Data objects:

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

| Pi | Radians | Pi Value | Value of pi with a data type of Radians
| Pi_Over_2 | Radians | Pi/2 | Value of pi/2

| Two Pi | Radians | Pi * 2 | Value of pi * 2

3.3.6.3.5 PROCESS CONTROL

Not applicable.

3.3.6.3.6 PROCESSING
The following describes the processing performed by this part:

vith Polynomials;
package body Standard Trig is

type Sin_Cos_Ratio_Squared is new Sin_Cos_Ratio;
Pi : constant Radians := Radians(Pi_Value);

Pi Over_2 : constant Radians := Pi / 2.0;
Two_Pi : constant Radians := Pi * 2.0;

—- —-the following operators are required for the instantiation of
-- --the Polynomials.System Functions.Semicircle Operations package

function "*" (Left : Semicircles;
Right : Radians) return Radians;
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function "*" (Left : Radians;
Right : Radians) return Semicircles;

--the following operators are required for the Sin_Cos procedures

function "*" (Left : Sin Cos _Ratio;
Right : Sin_Cos_Ratio) return Sin_Cos_Ratio_Squared;

--required instantiations of Polynomial System_Functions packages

package SysFns renames Polynomials.System Functions;
--radian functions

package Radian Opns is new

SysFns.Radian Operations (Radians => Radians,
Sin Cos Ratio => Sin Cos Ratio,
Tan_Ratio => Tan_Ratio);

function Sin_R (Input : Radians)

return Sin_Cos_Ratio renames Radian_Opns.Sin;
function Cos R (Input : Radians)

return Sin_Cos_Ratio renames Radian_Opns.Cos;
function Tan_R (Input : Radians)

return Tan Ratio renames Radian Opns.Tan;
function Aresin R (Input : Sin_Cos_Ratio)

return Radians renames Radian Opns.Arcsin;
function Arccos_R (Input : Sin_Cos_Ratio)

return Radians renames Radian_Opns.Arccos;
function arctan R (Input : Tan_Ratio)

return Radians renames Radian_Opns.Arctan;

—--semicircle functions

package Semicircle Opns is new
SysFns.Semicircle _Operations (Scalars => Radians,
Semicircles => Semicircles,
Sin Cos Ratio => Sin Cos Ratio,

Tan Rat1o => Tan Rat1o,
Pl => pi)’
function Sin § (Input Semicircles)
- return Sin_Cos_Ratio renames Semicircle_Opns.Sin;
function Cos_S (Input : Semicircles)
return Sin_Cos_Ratio renames Semicircle Opns.Cos;
function Tan_S (Input : Semicircles)
return Tan Ratio renames Semicircle Opns.Tan;

function Arcsin_S (Input : Sin Cos _Ratio)

return Semicircles renames Semicircle Opns.Arcsin;
function Arccos_S (Input : Sin _Cos Ratio)

return Semicircles renames Semicircle Opns.Arccos;
function Arctan_S (Input : Tan_Ratio)

return Semicircles renames Semicircle Opns.Arctan;

Page 1124
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-- --degree functions

package Degree Opns is new

SyansTDegree_Operations (Degrees => Degrees,
Sin_Cos Ratio => Sin_Cos_Ratio,
Tan_Ratio => Tan_Ratio);

function Sin D (Input : Degrees)

return Sin Cos_Ratio renames Degree Opns.Sin;
function Cos D (Input : Degrees)

return Sin_Cos_Ratio renames Degree_Opns.Cos;
function Tan D (Input : Degrees)

return Tan Ratio renames Degree_Opns.Tan;
function Arcsin D (Input : Sin_Cos_Ratio)

return Degrees renames Degree_Opns.Arcsin;
function Arccos_D (Input : Sin_Cos_Ratio)

return Degrees renames Degree Opns.Arccos;
function Arctan D (Input : Tan_Ratio)

return Degrees renames Degree Opns.Arctan;

-- -=-square root function

package Square Root is new
SysFns.Square_Root (Inputs => Sin Cos Ratio Squared,
Outputs => Sin_Cos Ratio);

function Sqrt (Input : Sin_Cos_Ratio_Squared)
return Sin_Cos_Ratio renames Square Root.Sqrt;

function "*" (Left : Semicircles;
Right : Radians) return Radians is
begin
return Radians(Left) * Right;
end "x";
function "*" (Left : Radians;
Right : Radians) return Semicircles is
begin
return Semicircles(Left) * Semicircles(Right);
end "x";
function "*" (Left : Sin_Cos Ratio;
Right : Sin Cos Ratio) return Sin_Cos_Ratio_Squared is
begin
return Sin Cos Ratio_Squared(Left) * Sin Cos_Ratio_Squared(Right);
end LA

end Standard Trig;
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3.3.6.3.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with’d by this part:
1. Polynomials

UTILIZATION OF EXTERNAL ELEMENTS:
Subprograms:

The following table summarizes the external subroutines required by this part
and located in the Polynomials.System_Functions. Radian_Operations package:

| Name | Type | Description |
| Sin | function | Sine function |
| Cos | function | Cosine function |
| Tan | function | Tangent function |
| Arcsin | function | Arcsine function |
| Arccos | function | Arccosine function |
| Arctan | function | Arctangent function |

The following table summarizes the external subroutines required by this part
and located in the Polynomials.System Functions. Semicircle Operations

package: .
| Name | Type | Description |
| Sin function | Sine function

Cos function | Cosine function

I |
I I |
| Tan | function | Tangent function
| Arcsin | |
| I |
| I |

function | Arcsine function
Arccos function | Arccosine function
Arctan function | Arctangent function

The following table summarizes the external subroutines required by this part
and located in the Polynomials.System Functions. Degree Operations package:

| Name | Type | Description |
Sin function | Sine function
Cos function | Cosine function

| I | I
I I | I
| Tan | function | Tangent function |
| | | Arcsine function |
| | I I
I | | I

Arcsin function
Arccos function | Arccosine function
Arctan function | Arctangent function

The following table summarizes the subroutines required by this part and
located in the Polynomials.System_Functions.Square_Root package:

P at
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3.3.6.3.8 LIMITATIONS

None.

3.3.6.3.9 LLCSC DESIGN

None.

3.3.6.3.10 UNIT DESIGN

3.3.6.3.10.1 SIN (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P3-0 (RADIANS},P538-0 {SEMICIRCLES},P539-0 {DEGREES})

This set of functions calculate the sine of an input angle. Three functions
have been set up to handle angles with units of radians, semicircles, and
degrees.

3.3.6.3.10.1.1 REQUIREMENTS ALLOCATION

These functions meet CAMP requirements R086, R092, and R098.

3.3.6.3.10.1.2 LOCAL INTITIES DESIGN

None.

3.3.6.3.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |
| Input | Radians | N/A | Value for which a sine is desired
| Input | Semicircles | N/A | Value for which a sine is desired |
| Input | Degrees | N/A | Value for which a sine is desired

— o o A i 2ot o o T o i T e S S S B B ok e B B o B S B i S e e

3.3.6.3.10.1.4 LOCAL DATA

None.
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3.3.6.3.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.1.6 PROCESSING
The following describes the processing performed by this part:

function Sin (Input : Radians) return Sin_Cos Ratio is

begin
return Sin R(Input);
end Sin; -
function Sin (Input : Semicircles) return Sin Cos_Ratio is
begin
return Sin_S(Input);
end Sin;
function Sin (Input : Degrees) return Sin_Cos_Ratio is
begin
return Sin_D(Input);
end Sin;

3.3.6.3.10.1.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

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

[

| Naine | Base Type | Range | Description |
| Radians | Angle | -00 .. +00 | Radian unit of measurement |
| Semicircles | Angle | 00 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | -0o0 .. +00 | Degree unit of measurement |
| Sin_Cos_Ratio | Trig Ratio | -1 .. +1 | Result of a sine or cosine |
| | | | function |

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard Trig:

§
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| Name | Type | Description |
| Sin_R | function | Sine function handling units of radians |
| Sin_S | function | Sine function handling units of semicircles |
| Sin D | function | Sine function handling units of degrees |

3.3.6.3.10.1.8 LIMITATIONS

None.

3.3.6.3.10.2 COS (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P4-0 {RADIANS},P540-0 {SEMICIRCLES},P541-0 {DEGREES})

This set of functions calculate the cosine of an input angle. Three functions

have been set up to handle angles with units of radians, semicircles, and
degrees.

3.3.6.3.10.2.1 REQUIREMENTS ALLOCATION

These functions meet CAMP requirements R087, R093, and R099.

3.3.6.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |
| Input | Radians | N/A | Value for which a cosine is desired |
| Input | Semicircles | N/A | value for which a cosine is desired |
| Input | Degrees | N/A | Value for which a cosine is desired |

3.3.6.3.10.2.4 LOCAL DATA

None.

3.3.6.3.10.2.5 PROCESS CONTROL

Not applicable.
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3.3.6.3.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Cos (Input : Radians) return Sin_Cos Ratio is
begin

return Cos R(Input);
end Cos; -

function Cos (Input : Semicircles) return Sin_Cos_Ratio is
begin

return Cos_S(Input);
end Cos;

function Cos (Input : Degrees) return Sin_Cos_Ratio is
begin

return Cos_D(Input);
end Cos;

3.3.6.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTI

LIZATION OF ANCESTRAL ELEMENTS:

Page 1130

The following tables describe the elements used by this part but defined in one

or

Dat

more ancestral units:

a types:

The folloving table summarizes the types required by this part and defined in

Sin_Cos_Ratio

'1 L) +1

Result of a sine or cosine

the package specification of Standard Trig:
| Name | Base Type | Range | Description |
Radians Angle | =00 .. +00 Radian unit of measurement |
Semicircles Angle | -00 .. +00 Semicircle unit of measurement |
I I
I !
I I

| |
I I
| Degrees | Angle
I I
| |

function

|
I
-00 .. +00 I Degree unit of measurement
I
I

Sub

programs and task entries:

The following table summarizes the subroutines and task entries required by

thi

s part and defined in the package body of Standard Trig:

Name | Type | Description |
os R | function | Cosine function handling units of radians |
0s_S | function | Cosine function handling units of semicircles |
os D | function | Cosine function handling units of degrees |

¢
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3.3.6.3.10.2.8 LIMITATIONS

None.

3.3.6.3.10.3 SIN _COS (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P5-0 (RADIANS},P542-0 {SEMICIRCLES},P543-0 {DEGREES})

This set of procedures calculate the sine and cosine of an input angle. Three

procedures have been set up to handle angles with units of radians,

semicircles, and degrees.

The sine values will be obtained by calling the appropriate Sin function

contained in one of the instantiated packages from Polynomials.System_-

Functions. The cosine values will then be calculated based on the sine values

obtained.

The cosine values will be calculated as follows:

Cos(x) := +/- Sqrt(l.0 - sin**2(x))
vhere the sign of the cosine depends upon the quadrant in which the angle lies:

3.3.6.3.10.3.1 REQUIREMENTS ALLOCATION
These procedures meet CAMP requirements R0O86, R087, R092, R093, R098, and R099.

3.3.6.3.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |
| Input | Radians | N/A | Value for which a sine and cosine are |
| | | | desired |
| Input | Semicircles | N/A | Value for which a sine and cosine are |
| | I | desired |
| Input | Degrees | N/A | Value for which a sine and cosine are |
I I I I I

desired
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3.3.6.3.10.3.4 LOCAL DATA
Data objects:

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

Radians N/A Input angle after its range has
been reduced to +/- pi
Input angle after its range has

been reduced to 0 .. 2.0

Reduced Angle

Reduced_Angle ! Semicircles | N/A

Reduced_Angle | Degrees N/A Input angle after its range has
been reduced to 0 .. 360.0
Temp Cos Sin_Cos_ N/A Temporary cosine value
- Ratio
Temp _Sin Sin_Cos_ N/A Temporary sine value
Ratio

3.3.6.3.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.3.6 PROCESSING
The following describes the processing performed by this part:
procedure Sin_Cos (Input in Radians;

Sin_Result : cut Sin_Cos_Ratio;
Cos_Result : out Sin _Cos_Ratio) is

- --declaration section

Radians;
Sin_Cos_Ratio;
Sin_Cos_Ratio;

Reduced_Angle
Temp_Cos
Temp_Sin

Temp Sin ¢= Sin_R(Input);
Sin Result := Temp Sin;

Reduced Angle := Input;

Page 1132
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if ABS(Reduced_Angle) > Pi then
--handle positive angles

if Reduced Angle > Pi then
Reduce Input_Angle Through Subtraction:
vhile Reduced Angle > PI loop
Reduced_Angle := Reduced_Angle - Two_Pi;
end loop Reduce Input_Angle Through_Subtraction;
end if;

;-handle negative angles

if Reduced_Angle < -Pi then
Reduce Input_Angle Through Addition:
vhile Reduced Angle < -Pi loop
Reduced Angle := Reduced_Angle + Two Pij;
end loop Reduce Input_Angle Through_AddItion;
end if;

end if;

Temp_Cos := Sqrt(1.0 - Temp_ Sin*Temp Sin);

--check for angles in Quadrant II or III since they would be negative
if ABS(Reduced_Angle) > Pi Over_2 then
Cos_Result := - Temp Cos;
else
Cos_Result := Temp_Cos;
end if;

end Sin_Cos;

procedure Sin_Cos (Input

in Semicircles;
out Sin_Cos_Ratio;

Sin_Result ¥
out Sin_Cos_Ratio) is

Cos_Result

os as ee

—-declaration section

Reduced Angle : Semicircles;
Temp_Cos : Sin_Cos_Ratio;
Temp_Sin : Sin _Cos_Ratio;

begin function Sin_Cos

Temp _Sin  := Sin_S(Input);

1133
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Sin_Result := Temp_Sin;
---------- reduce input angle to 0..2—————=—-—-
Reduced_Angle := Input;

Put_Negative Angles In Correct Range:
vhile Reduced Angle < 0.0 loop
Reduced_Angle := Reduced Angle + 2.0;
end loop Put_Negative Angles In Correct_Range;

Put_Positive Angles In Correct_ Range:
while Reduced Angle > 2.0 loop
Reduced Angle := Reduced Angle - 2.0;
end loop Put Positive Angles In_Correct_Range;

Temp Cos := Sqrt(1.0 - Temp_Sin*Temp Sin);

--see if angle is in quadrants II or III since these cosines should
--be negative
if Reduced Angle > 0.5 and then
Reduced Angle < 1.5 then
Cos Result t= - Temp Cos;
else
Cos_Result := Temp_Cos;
end if;

end Sin_Cos;

procedure Sin Cos (Input

¢ in Degrees;
Sin Result : out Sin Cos_Ratio;
Cos_Result : out Sin_Cos_Ratio) is

--declaration section

Reduced_Angle : Degrees;
Temp_Cos : Sin_Cos_Ratio;
Temp_Sin : Sin_Cos_Ratio;

Temp_Sin := Sin_D(Input);
Sin_Result := Temp Sin;

Page 1134
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Reduced Angle := Input;

Reduce Positive Angles To Appropriate_Range:
vhile Reduced Angle > 360.0 lcup
Reduced Angle := Reduced Angle - 360.0;
end loop Reduce_Positive_Angles To_Appropriate_Range;

Reduce Negative Angles to Appropriate Range:
wvhile Reduced Angle < 0.0 loop
Reduced Angle := Reduced_Angle + 360.0;
end loop Reduce  Negative Angles to_Appropriate_ Range;

— mmmmme———e calculate cosine value
Temp Cos := Sqrt(1.0 - Temp_Sin*Temp_Sin);
- --check for angles in quadrants II or III since these values need to
- --be negative
if Reduced_Angle > 90.0 and then
Reduced Angle < 270.0 then
Cos Result t= - Temp_Cos;
else
Cos_Result := Temp Cos;
end if;

end Sin_Cos;

3.3.6.3.10.3.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The folloving tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The folloving table summarizes the types required by this part and defined in
the package specification of Standard Trig:

| Name | Base Type | Range | Description |
| Radians | Angle | =00 .. +00 | Radian unit of measurement |
| Semicircles | Angle | -00 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | -00 .. +00 | Degree unit of measurement |
| Sin_Cos Ratio | Trig Ratio | -1 .. +1 | Result of a sine or cosine |
| | I | function |

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard Trig:
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| Name | Type | Description |
| Sin R | function | Sine function handling units of radians |
| Sin_S | function | Sine function handling units of semicircles |
| Sin D | function | Sine function handling units of degrees |

3.3.6.3.10.3.8 LIMITATIONS

None.

3.3.6.3.10.4 TAN (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P6-0 {RADIANS},P544-0 (SEMICIRCLES},P545-0 {DEGREES})

This set of functions calculates the tangent of an input angle. Three

functions have been set up to handle angles with units of radians, semicircles,

and degrees.

3.3.6.3.10.4.1 REQUIREMENTS ALLOCATION

These functions meet CAMP requirements R088, R094, and R100.

3.3.6.3.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.4.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |
| Input | Radians | N/A | Value for wvhich a tangent is desired |
| Input | Semicircles | N/A | Value for which a tangent is desired |
| Input | Degrees | N/A | Value for vhich a tangent is desired |

3.3.6.3.10.4.4 LOCAL DATA

None.

3.3.6.3.10.4.5 PROCESS CONTROL

Not applicable.

Xa
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Q}E;
- 3.3.6.3.10.4.6 PROCESSING

The following describes the processing performed by this part:

function Tan (Input : Radians) return Tan_Ratio is
begin

return Tan_R(Input);
end Tan;

function Tan (Input : Semicircles) return Tan_Ratio is
begin

return Tan_S(Input);
end Tan;

function Tan (Input : Degrees) return Tan Ratio is
begin
return Tan_D(Input);
end Tan;
3.3.6.3.10.4.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

-] Data types:

The follovwing table summarizes th=2 types required by this part and defined in
the package specification of Standard Trig:

| Name | Base Type | Range | Description |
| Radians | Angle | -00 .. +00 | Radian unit of measurement
| Semicircles | Angle | -00 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | -0o0 .. +00 | Degree unit of measurement
| Tan_Ratio | Trig_Ratio | -0oo .. +00 | Result of a tangent function |
| | | | function |

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard _Trig:

| Name | Type | Description |
| Tan_R | function | Tangent function handling units of radians

| Tan_S | function | Tangent function handling units of semicircles |
| Tan_D | function | Tangent function handling units of degrees |
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&

3.3.6.3.10.4.8 LIMITATIONS

None.

3.3.6.3.10.5 ARCSIN (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P7-0 {RADIANS}),P546-0 {SEMICIRCLES},P547-0 {DEGREES})

This set of functions calculates the arcsine of an input value. Three

functions have been set up to handle angles with units of radians, semicircles,
and degrees.

3.3.6.3.10.5.1 REQUIREMENTS ALLOCATION

These functions meet CAMP requirements R089, R095, and R101.

3.3.6.3.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.5.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part’s formal parameters: ‘ﬁ
| Name | Type | Value | Description |
| Input | Sin_Cos_Ratio | N/A | Value for which an arcsine is desired |

3.3.6.3.10.5.4 LOCAL DATA

None.

3.3.6.3.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.5.6 PROCESSING
The following describes the brocessing performed by this part:

function Arcsin (Input : Sin_Cos_Ratio) return Radians is
begin
return Arcsin R(Input);
end Arcsin; Qg

function Arcsin (Input : Sin_Cos_Ratio) return Semicircles is
begin
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return Arcsin_S(Input);
end Arcsin;
function Arcsin (Input : Sin_Cos_Ratio) return Degrees is
begin
return Arcsin D(Input);
end Arcsin;
3.3.6.3.10.5.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

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

function

| Name | Base Type | Range | Description |
| Radians | Angle | =00 .. +00 | Radian unit of measurement |
| Semicircles | Angle | =00 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | -00 .. +00 | Degree unit of measurement |
| Sin_Cos_Ratio | Trig Ratio | -1 .. +1 | Result of a sine or cosine |
I I o I I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard Trig:

| Name | Type | Description |

| Arcsin R | function | Arczine function handling units of radians
| Arcsin_S | function | Arcsine function handling units of semicircles |
| Arcsin D | function | Arcsine function handling units of degrees |

3.3.6.3.10.5.8 LIMITATIONS

None.

3.3.6.3.10.6 ARCCOS (FOR RADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P8-0 {RADIANS),P548-0 (SEMICIRCLES},P549-0 (DEGREES})

This set of functions calculates the arccosine of an input value. Three

functions have been set up to handle angles with units of radians, semicircles,
and degrees.
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3.3.6.3.10.6.1 REQUIREMENTS ALLOCATION

These parts meet CAMP requirements R090, R096, and R102.

3.3.6.3.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.6.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |

| Input | Sin_Cos_Ratio | N/A | Value for which an arccosine is desired|

3.3.6.3.10.6.4 LOCAL DATA

None.

3.3.6.3.10 6.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.6.6 PROCESSING
The following describes the processing performed by this part:

function Arccos (Input : Sin_Cos_Ratio) return Radians is
begin

return Arccos_R(Input);
end Arccos;

function Arccos (Input : Sin_Cos_Ratio) return Semicircles is
begin

return Arccos_S(Input);
end Arccos;

function Arccos (Input : Sin_Cos_Ratio) return Degrees is
begin

return Arccos_D(Input);
end Arccos;
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3.3.6.3.10.6.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

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

| Name | Base Type | Range | Description
Radians | Angle -00 .. 400 Radian unit of measurement
Semicircles | Angle -00 .. +00 Semicircle unit of measurement

Sin_Cos_Ratio | Trig Ratio -1 .. +1 Result of a sine or cosine
I function

I I I
I I I
| Degrees | Angle | =00 .. +00 | Degree unit of measurement
I I I
| I I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard Trig:

| Name | Type | Description |

| Arccos R | function | Arccosine function handling units of radians
| Arccos_S | function | Arccosine function handling units of semicircles |
| Arccos D | function | Arccosine function handling units of degrees |

3.3.6.3.10.6.8 LIMITATIONS

None.

3.3.6.3.10.7 ARCSIN ARCCOS (FOR FADIANS, SEMICIRCLES, AND DEGREES) UNIT DESIGN
(CATALOG #P9-0 {RADIANS},P550-0 {SEMICIRCLES},P551-0 {DEGREES})

This set of procedures calculates the arcsine and arccosine of an input value.

Three functions have been set up to handle angles with units of radians,

semicircles, and degrees.

3.3.6.3.10.7.1 REQUIREMENTS ALLOCATION

These procedures meet CAMP requirements R089, R090, R0O95, R096, R101, and R102.
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3.3.6.3.10.7.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.7.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Value | Description |

| Input | Sin_Cos_Ratio | N/A | Value for which an arcsine and |
l | I | arccosine is desired |

3.3.6.3.10.7.4 LOCAL DATA
Data objects:

The following table describes the data objects maintained by these parts:

| Name | Type | Value | Description |
| Temp_Asin | Radians | N/A | Temporary arcsine value |
| Temp Asin | Semicircles | N/A | Temporary arcsine value |
| Temp_Asin | Degrees | N/A | Temporary arcsine value |

3.3.6.3.10.7.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.7.6 PROCESSING
The following describes the processing performed by this part:
procedure Arcsin_Arccos (Input in Sin Cos Ratio;

Arcsin_Result : out Radlansj
Arccos_Result : out Radians) is
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begin
Temp Asin := Arcsin_R(Input);
Arcsin Result := Temp ASin;
Arccos_Result := Pi Over_2 - Temp_ASin;
end Arcsin_Arccos;

in Sin Cos Ratio;
out Semicircles;
out Semicircles) is

procedure Arcsin_Arccos (Input
Arcsin_Result
Arccos_Result

== --declaration section

Temp_Asin : Semicircles;

begin
Temp Asin := Arcsin_S(Input);
Arcsin Result := Temp_Asin;
Arccos_Result := 0.5 - Temp_Asin;
end Arcsin_Arccos;

proceanre Arcsin_Arccos (Input : in Sin_Cos_Retio;
Arcsin Result : out Degrees;
Arccos_Result : out Degrees) is

begin
Temp Asin t= Arcsin_D(Input);
Arcsin_Result := Temp_ Asin;
Lrccos_Result := 90.0 - Temp_Asin;
end Arcsin_Arccos;

3.3.6.3.10.7.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but

or more ancestral units:

Page 1143
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Data types:

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

| Name | Base Type | Range | Description |
| Radians | Angle | ~oo .. +00 | Radian unit of measurement |
| Semicircles | Angle | o0 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | =00 .. +00 | Degree unit of measurement |
| Sin_Cos_Ratio | Trig_Ratio | -1 .. +1 | Result of a sine or cosine |
| | | | function |

Data objects:

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

| Name | Type | Value | Description |
| Pi_Over 2 | Radians | Pi/2 | Value of pi/2 |
Subprograms and task entries: ) é

The following table summarizes the subroutines and task entrie. required by
this part and defined in the package body of Standard Trig:

| Name | Type | Description

l
| Arcsin R | function | Arcsine function handling units of radians |
| Arcsin_S | function | Arcsine function handling units of semicircles |
| Arcsin D | function | Arcsine function handling units of degrees |

3.3.6.3.10.7.8 LIMITATIONS

None.

3.3.6.3.10.8 ARCTAN (FOR RADIANS, EMICIRCLES, AND DEGREES) UNIT DESIGN (CATALOG
#P10-0 {RADIANS},P552-C : ;EMICIRCLES},P553-0 {DEGREES})

This set of functions calculates the arctangent of an input value. Three
functions have been set up to handle angles with units of radians, semicircles,
and degrees.
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3.3.6.3.10.8.1 REQUIREMENTS ALLOCATION

The functions meet CAMP requirements R091, R097, and R103.

3.3.6.3.10.8.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.8.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The folloving table describes this part’s formal parameters:
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| Name | Type | Value

| Description

| Value for which an arctangent is desired

3.3.6.3.10.8.4 LOCAL DATA

None.

3.3.6.3.10.8.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.8.6 PROCESSING

The following describes the processing performed by this part:

function Arctan (Input : Tan_Ratio) return Radians is

begin
return Arctan_R(Input);
end Arctan;

function Arctan (Input : Tan_Ratio) return Semicircles is

begin
return Arctan_S(Input);
end Arctan;

function Arctan (Input : Tan Ratio) return Degrees is

begin
return Arctan_D(Input);
end Arctan;
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3.3.6.3.10.8.7 UTILIZATION OF OTHER ELEMENTS T
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

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

| Name | Base Type | Range | Description |
| Radians | Angle | =00 .. +00 | Radian unit of measurement |
| Semicircles | Angle | -0o0 .. +00 | Semicircle unit of measurement |
| Degrees | Angle | -oo .. +00 | Degree unit of measurement |
| Tan_Ratio | Trig Ratio | -oo .. +0o | Result of a tangent function |
| | | | function |

Subprograms and task entries:

The follovwing table summarizes the subroutines and task entries required by
this part and defined in the package body of Standard Trig:

_ AR &

| Name | Type | Description |

| Arctan R | function | Arctangent function handling units of radians
| Arctan S | function | Arctangent function handling units of semicircles |
| Arctan D | function | Arctangent function handling units of degrees |

3.3.6.3.10.8.8 LIMITATIONS

None.

3.3.6.3.10.9 ARCTAN2 (FUNCTION BODY) UNIT DESIGN (CATALOG #P554-0)

This function calculates the arctangent of two input values defining the
endpoint of a vector. The result of this function is the angle between the
vector and the positive x-axis and is in the range equivalent to +/- pi.

If both X and Y equal O, this function will return a value of O.

3.3.6.3.10.9.1 REQUIREMENTS ALLOCATION

This part meets requirement R.
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3.3.6.3.10.9.2 LOCAL ENTITIES DESIGN

None.

3.3.6.3.10.9.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Page 1147

The following generic parameters were previously defined when this function was

specified:

Data types:

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

| Name | Type | Description

| Angles | floating point | Data type defining angular measurements
| Measurements | floating point | Data type defining function input types

Data objects:

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

| Name | Type | Description

| Cycle over 2 | Angles | Number of angular units of measurement in half a

| | | circle (e.g., pi/2 for Radians, 180 for Degrees,

| | | and 1.0 for Semicircles)

| Cycle over 4 | Angles | Number of angular units of measurement in 1/4 of a
I | I

I I I

and .5 for Semicircles)

circle (e.g., pi/4 for Radians, 90 for degrees,

Subprograms:

The following table describes the generic formal subroutines required by this

part:
| Name | Type | Description
| "/ | function | Division operator defining the operation:

| Measurements / Measurements => Tan_Ratio
| Arctan | function | Arctangent function

FORMAL PARAMETERS:

The following table describes this part’s formal parameters:
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| Name | Type | Mode | Description
| X | Measurements | in | First element of the coordinate pair
| Y | Measurements | in | Second element of the coordinate pair

3.3.6.3.10.9.4 LOCAL DATA
Data objects:

The following table describes the data objects maintained by this part:
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| Name | Type | Desaription

3.3.6.3.10.9.5 PROCESS CONTROL

Not applicable.

3.3.6.3.10.9.6 PROCESSING
The followving describes the processing performed by this part:

function Arctan2 (X : Measurements;
Y : Measurements) return Angles is

Ansver : Angles;
Tan_Value : Tan Ratio;

-- --begin function body

begin
if X = 0.0 then
if Y = 0.0 then

Answer := 0.0;
elsif Y > 0.0 then

Ansver := Cycle over_ é;
else

Ansver := -Cycle_over_ 4;
end if;

else

Py
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%
if abs(X) >= abs(Y) then

Tan_Value := Y / X;
Ansver := Arctan (Tan_Value);

if X < 0.0 then
if Y >= 0.0 then
Ansver := Ansver + Cycle over_ 2;

else
Ansver := Ansver - Cycle over 2;
end if;
end if;
else -- abs(X) < abs(Y)

Tan_Value := X / Y;
Ansvwer := Arctan (Tan_Value);

if Y >= 0.0 then
Ansver := Cycle over 4 - Answver;

else
Ansver := -Cycle over 4 - Ansver;
end if;
end if;
"
] end if;

return Answver;

end Arctan2;

3.3.6.3.10.9.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.3.10.9.8 LIMITATIONS

None.

Page 1149



CAMP Software Detailed Design Document Page 1150

(This page left intentionally blank.)



CAMP Software Detailed Design Document

vith Polynomials;
package body Standard Trig is

—~local declarations-

type Sin_Cos_Ratio_Squared is nev Sin_Cos_Ratio;

Pi : constant Radians := Radians(Pi_Value);
Pi Over_2 : constant Radians := Pi / 2.0;
Two_Pi : constant Radians := Pi * 2,0;

~~the following operalors are required for the insjantiation of
~—the Polynomials.System Functions.Semicircle Operations package

function "*" (Left : Semicircles;
Right : Radians) return Radians;

function "*" (Left : Radians;
Right : Radians) return Semicircles;

—~-the following operators are required for the Sin Cos procedures

Sin Cos Ratio;

function "*" (Left _Cos_|
Sin_Cos_Ratio) return Sin _Cos Ratio_Squared;

Right

—-required insiantiations of Polynomial.System Functions packages

package Sysfns renames Polynomials.System Functions;
—-radian functions

package Radian _Opns is new
Sysfns.Radian_Operations (Radians => Radians,
Sin_Cos_Ratio => Sin_Cos_Ratio,
Tan_Ratlo => Tan_Ratio);

function Sin R (Input : Radians)
- return Sin_Cos_Ratio renames Radian_Opns.Sin;
function Cos_R (Input : Radians)
return Sin_Cos_Ratio renames Radian_Opns.Cos;
function Tan_R (Input : Radians)
return Tan Ratio renames Radian_Opns.Tan;
function Arcsin_R (Input : Sin_Cos_Ratio)
return Radians renames Radian_Opns.Arcsin;
function Arccos_R (Input : Sin_Cos_Ratio)
~  return Radians renames Radian_Opns.Arccos;
function Arctan R (Input : Tan_Ratio)
~ return Radians renames Radian_Opns.Arctan;
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pragma PAGE;
-~ —=semicircle functions

package Semicircle Opns is new
Sysfns.Semicircle Operations (Scalars => Radians,
Semicircles => Semicircles,
Sin Cos Ratio => Sin Cos Ratio,

Tan_Ratio => Tan Ratio,
Pi => Pi);
function Sin_S (Input : Semicircles)

return Sin_Cos_Ratio renames Semicircle Opns.Sin;
function Cos_S (Input : Semicircles)

return Sin Cos Ratio renames Semicircle Opns.Cos;
function Tan_S  (Input : SemicIrcles)

return Tan Ratio renames Semicircle Opns.Tan;
function Arcsin_S (Input : Sin_Cos_Ratio)

return Semicfrcles renames Semicircle_Opns.Arcsin;
function Arccos_S (Input : Sin Cos_Ratio)

return Semicircles renames Semicircle Opns.Arccos;
function Arctan_S (Input : Tan_Ratio)

return Semicircles renames Semicircle Opns.Arctan;

-~ ~—degree functions

package Degree Opns is new
Sysfns. Degree Operations (Degrees => Degrees,
Sin Cos Ratio => Sin Cos Ratio,
Tan_RatTo => Tan_Rato);

function Sin D (Input : Degrees)
return Sin Cos Ratio renames Degree Opns.Sin-

function Cos D (Input : Degrees)

return Sin_Cos Ratio renames Degree Opns.Cos;
function Tan D (Input : Degrees)

return Tan Ratio renames Degree_Opns.Tan;
function Arcsin D (Input : SIn_Cos_Ratio)

return Degrees renames Degree Opns.Arcsin;
function Arccos_D (Input : Sin_Cos_Ratio)

return Degrees renames Degree_Opns.Arccos;
function Arctan_D (Input : Tan_Ratio)

return Degrees renames Degree Opns.Arctan;

—— —=square roo! function
package Square Root is new
Sysfns.Square Root (Inputs => Sin_Cos_Ratio_Squared,
Outputs => Sin_Cos_Ratio);

function Sqrt (Input : Sin_Cos_Ratio_Squared)
return Sin_ Cos Ratio renames Square_Root.Sqrt;

pragma PAGE;



i

CAMP Software Detailed Design Document

function "*" (Left : Semicircles;
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L

Right : Radians) return Radians is
begin
return Radians(Left) * Right;
end WL

function "*" (Left : Radians;

Right : Radians) return Semicircles is
begin
return Semicircles(Left) * Semicircles(Right);
end "*";

function "*" (Left Sin_Cos_Ratio;

Right : Sin_Cos_Ratio) return Sin_Cos_Ratio_Squared is
begin
return Sin_Cos_Ratio_Squared(Left) * Sin Cos_Ratio_Squared(Right);
end n*n;
pragma PAGE;
function Sin (Input : Radians) return Sin_Cos_Ratio is
begin
return Sin_R(Input);
end Sin;

function Sin (Input : Semicircles) return Sin_Cos_Ratio is
begin

return Sin_S(Input);
end Sin;

function Sin (Input : Degrees) return Sin Cos Ratio is
begin

return Sin D(Input);
end Sin;

pragma PAGE;
function Cos (Input : Radians) return Sin_Cos_Ratio is
begin
return Cos_R(Input);
end Cos;

function Cos (Input : Semicircles) return Sin Cos_Ratio is
begin

return Cos_S(Input);
end Cos;

function Cos (Input : Degrees) return Sin_Cos_Ratio is
begin

return Cos_D(Input);
end Cos;

pragma PAGE;
procedure Sin_Cos (Input : in Radians;
Sin_Result : out Sin Cos_Ratio;
Cos_Result : out Sin_Cos Ratio) is

- ——declaration section
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—s

Reduced Angle : Radians;
Temp_Cos : Sin_Cos_Ratio;
Temp_Sin : Sin_Cos_Ratio;

~~  emmmm—mee- get sine value---=------

Temp_Sin  := Sin_R(Input);
Sin Result t= Temp Sin;

Reduced_Angle := Input;
if abs(Reduced_Angle) > Pi then

- ~— handle positive angles
if Reduced Angle > Pi then

Reduce Input_Angle Through Subtraction:
vhile Reduced Angle > P1 loop

Reduced Angle := Reduced Angle - Two_Pij; ‘
end loop Reduce _Input Angle _Through_ Subtraction;
end if;
s -~ handle negative angles

if Reduced Angle < -PI then
Reduce Input_Angle _Through_Addition:
vhile Reduced Angle < -PI loop
Reduced Angle := Reduced Angle + Two_ Pi;
end loop Reduce_Input_Angle Through_AddItion;
end if;

end if;
_—— e calculate cosine value----------
Temp Cos := Sqrt(1.0 - Temp_Sin*Temp_ Sin);

- ~=check for angles in Quadrant Il or Ill since they would be negative
if abs(Reduced Angle) > Pi_Over 2 then

Cos_Result := - Temp_Cos;
else

Cos_Result := Temp Cos;
end if;

end Sin_Cos;

pragma PAGE;
procedure Sin_Cos (Input : in Semicircles;
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Sin Result : out Sin Cos Ratio;

Cos Result : out Sin_Cos_Ratio) is

- ——declaration section

Semicircles;
Sin_Cos_Ratio;
Sin_Cos_Ratio;

Reduced_Angle
Temp_Cos
Temp_Sin

se o oo

—-- --begin function Sin Cos

e calculate sine value----ee—---

Temp Sin  := Sin_S(Input);
Sin_Result :e Temp Sin;

—_— e reduce input angle 10 0., 2--=vee---
Reduced_Angle := Input;
Put_Negative Angles In Correct_ Range:

vhile Reduced_Angle < 0.0 loop
Reduced Axyle t= Reduced Angle + 2.0;

end loop Puv Negative_ Angles In Correct Range

Put_Positive Angles In Correct Range:
vhile Reduced Angle > 2.0 loop
Reduced Angle := Reduced_Angle - 2.0;

end loop Put_Positive_ Angles In Correct_Range;

~—— mmmeme— o calculate cosine value----------
Temp Cos := Sqrt(1.0 - Temp_Sin*Temp_Sin);

- —-sce if ongle is in quadranis Il or Ill since these cosines should
- —~- be negative
if Reduced_Angle > 0.5 and then
Reduced_Angle < 1.5 then
Cos Result t= - Temp_Cos;
else
Cos_Result := Temp_Cos;
end if;

end Sin_Cos;

pragma PAGE;
procedure Sin_Cos (Input : in Degrees;
Sin_Result : out Sin_Cos_Ratio;
Cos Result : out Sln Cos Ratlo)

is
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——declaration section

Reduced_Angle : Degrees;
Temp_Cos ¢ Sin_Cos Ratio;
Temp_Sin : Sin_Cos_Ratio;

———mmm e calculate sine value-------—-

Temp_Sin := Sin_D(Input);
Sin_Result := Temp Sin;

Reduced_Angle := Input;

Reduce Positive Angles To Appropriate_Range:
vhile Reduced Angle > 360.0 loop
Reduced Angle t= Reduced_Angle - 360.0;
end loop Reduce Positive Angles To_Appropriate_Range;

Reduce Negative Angles To Appropriate_Range:
vhile Reduced Angle < 0.0 loop
Reduced_Angle :=' Reduced_Angle + 360.0;
end loop Reduce Negative Angles To_Appropriate Range;

—————————— calculate cosine value

Temp_Cos := Sqrt(1.0 - Temp_Sin*Temp Sin);

—~check for angles in quadranis Il or lll since these values need to

~-be negalive

if Reduced_Angle > 90.0 and then
Reduced Angle < 270.0 then
Cos_Result := - Temp_Cos;

else
Cos_Result := Temp_Cos;

end if;

end Sin_Cos;

pragma PAGE;

function Tan (Input :
begin

function Tan (Input :
begin

return Tan_R(Input);

end Tan;

return Tan_S(Input);

end Tan;

Radians) return Tan_Ratio is

Semicircles) return Tan Ratio is
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function Tan (Input : Degrees' return Tan_Ratio is

begin
return Tan_D(Input);
end Tan;

pragma PAGE;

function Arcsin (Input : Sin_Cos_Ratio)

begin
return Arcsin R(Input);
end Arcsin;

function Arcsin (Input : Sin_Cos_Ratio)

begin
return Arcsin_S(Input);
end Arcsin;

function Arcsin (Input : Sin_Cos_Ratio)

begin
return Arcsin_D(Input);
end Arcsin;

pragma PAGE;

function Arccos (Input : Sin_Cos Ratio)

begin
return Arccos_R(Input);
end Arccos;

function Arccos (Input : Sin_Cos_Ratio)

begin

return Arccos_S(Input);
end Arccos;

function Arccos (Input : Sin_Cos_Ratio)

begin
return Arccos_D(Input);
end Arccos;

pragma PAGE;

procedure Arcsin Arccos (Input
Arcsin_Result
Arccos_Result

Temp_Asin : Radians;

begin
Temp Asin :

Arccos_Result :

= Arcsin R(Input);
Arcsin Result := Temp_Asin;
= Pi Over_2 - Temp_Asin;

return Radians is

return Semicircles is

return Degrees is

return Radians is

return Semicircles is

return Degrees is

in Sin _Cos_Ratio;
out Radians;
out Radians) is
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"
end Arcsin_Arccos; ‘39

pragma PAGE;
procedure Arcsin Arccos (Input : in Sin _Cos_Ratio;
Arcsin_Result : out Semicircles;
Arccos_Result : out Semicircles) is

Temp_Asin : Semicircles;

begin
Temp Asin = Arcsin_S(Input);
Arcsin_Result := Temp_Asin;

Arccos_Result := 0.5 - Temp_Asin;
end Arcsin_Arccos;

pragma PAGE;
procedure Arcsin_Arccos (Input : in Sin_Cos_Ratio;
Arcsin_Result : out Degrees;
Arccos_Result : out Degrees) is éﬁ
-- ——declaration section
Temp_Asin : Degrees;
-- —-begin procedure Arcsin Arccos
begin
Temp Asin := Arcsin_D(Input);
Arcsin_Result := Temp_Asin;
Arccos_Result := 90.0 - Temp_Asin;
end Arcsin_Arccos;
pragma PAGE;
function Arctan (Input : Tan Ratio) return Radians is
begin

retur- Arctan R(Input);
enc Arctan;

function Arctan (Input : Tan Ratio) return Semicircles is
begin

return Arctan_S(Input);
end Arctan;

function Arctan (Input : Tan_Ratio) return Degrees is
begin
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5
2 return Arctan_D(Input);
end Arctan;

pragma PAGE;
function Arctan2 (X : Measurements;
Y : Measurements) return Angles is

- ——declaration section

Ansver : Angles;
Tan_Value : Tan_Ratio;

~- —-begin function body

begin
if X = 0.0 then

if Y = 0.0 then
Ansver := 0.0;
elsif Y > 0.0 then
Ansver := Cycle Over 4;

b else
b Ansver := -CYcle Over 4;
end if;
else

if abs(X) >= abs(Y) then

Tan_Value := Y / X;
Ansver := Arctan (Tan _Value);

if X < 0.0 then
if Y >= 0.0 then
Ansver := Ansver + Cycle_Over_2;

else
Ansver := Ansver - Cycle Over_ 2;
end if;
end if;
else -- abs(X) < abs(Y)

Tan_Value := X / Y;
Ansver := Arctan (Tan_Value);

if Y >= 0.0 then

Ansver := Cycle Over_ 4 - Ansver;
else

Ansver := -CYcle Over_4 - Answer;

§: end if;

end if;
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end if;
return Ansver;
end Arctan2;

end Standard_Trig;
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3.3.6.4 GEOMETRIC_OPERATIONS TLCSC P684 (CATALOG #P118-0)

This part contains the CAMP routines which perform geometric functions relative
to the Earth frame.

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

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

| Name | Requirements Allocation i
Unit Radial Vector RIEB
Unit Normal “Vector
R169

vith Aresin

|
| Compute Segment and_Unit_Normal Vector
|
| Great_Circle Arc_Length

|

|
Compute Segment _ “and Unit Normal | W/A

|

I

3.3.6.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.4.3 INPUT/OUTPUT

None.

3.3.6.4.4 LOCAL DATA

None.

3.3.6.4.5 PROCESS CONTROL

Not applicable.

3.3.6.4.6 PROCESSING
The following describes the processing performed by this part:
package body Geometric Operations is
function Unit Radial Vector
(Lat of Point : Earth _Positions;

Long of Point : Earth Positions)
return Unit Vectors is separate;



CAMP Software Detailed Design Document Page 1162

function Unit Normal Vector
(Unit_Radial A : Unit_Vectors;
Unit Rad1a1 B Un1t_Vectors) return Unit_Vectors is separate;

procedure Compute_Segment and Unit_Normal Vector

(Unit_Radiall 7 : in Unit_Vectors;
Unit_Rad1a12 ¢ in Unit_Vectors-
Unit_Normal2 f out Unit_Vectors;
Segment Distance : out Segment Distances) is separate;

rrocedure Compute Segment and_Unit Normal Vector with Arcsin
(Unit_Radiall ¢ in Unit_Vectors;
Unit_RadialZ in Unit_Vectots,
Unit_Normal2 out Unit Vectors;
Segment Distance out Segment Distances) is separate;

package body Great Circle Arc_Length is separate;

»

end Geometric_Operations;

3.3.6.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.4.8 LIMITATIONS

None.

3.3.6.4.9 LLCSC DESIGN
3.3.6.4.9.1 GREAT_CIRCLE_ARC LENGTH PACKAGE DESIGN (CATALOG #P122-0)

This package contains the function required to compute the great circle arc
length of a course segment given the latitude and longitude of the two
endpoints.

The circle arc length equals: circle radius * angle subtended by the arc

To define the angle subtended by the arc this part calculates the unit radial
vectors to the end points of the arc. Since the radials vectors have a length
of 1 and since it is assumed the angle subtended by the arc is "relatively
small", the following is true:

radius * angle

radius * sin(angle)

radius (1)*(1)*sin(angle)

radius * (length of UR_A) * (length of UR B) * sin(angle)
radius length(URB X TR _A)

arc length

* % % F

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

2%
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‘h I
& 3.3.6.4.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirements RO082.

3.3.6.4.9.1.2 LOCAL ENTITIES DESIGN
Packages:

The following table describes the package contained local to this part:

| Name | Type | Description [
| V_Opns | package | Defines a vector type and provides operations on that |

| type I
Subprograms:

The following subprograms are defined local to this part:

| Name | Type | Description |

| Unit_Rad_Vector | function | Computes the unit radial vector of a point |

3.3.6.4.9.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:

The followving 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 |
Earth_ floating Data type used to define distance
Distances point type measurements involving the Earth’s radius
Segment _ floating Data type used to define distance measure-
Distances point type menets involving nagivation segments
Earth Positions | floating Data type of longitude/latitude
B point type measurements
Sin_Cos_Ratio floating Data type of results of sine/cosine
| | point type routines

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

| Name | Type | Value | Description |
| Earth_Radius | Earth_Distances | N/A | Radius of the Earth |
Subprograms:

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

| Name | Type | Description |

| Myt

| Operator defining the operation: |
| Earth Distances * Sin_Cos_Ratio => |
| | Segment Distances |
| Sqrt function | Square root function |
| Sin_Cos | procedure | Returns the sine and cosine of an input value |

FORMAL PARAMETERS:

The following table defines the formal parameters of the function contained in
this package:

| Name | Type | Value | Description |
| Latitude A | Earth_Positions | \
| Latitude B | Earth Positions | /
l | \
I b7/

Latitude and longitude of point A
| Longitude A | Earth_Positions Latitude and longitude of point B
| Longitude B | Earth Positions

3.3.6.4.9.1.4 LOCAL DATA
Data types:

The folloving table describes the data types defined by this part:

| Unit_Vectors | Subtype of Vector_ Operations.Vectors (one-dimensional array |
| | of Sin_Cos_Ratio) |

Data objects:

The following table describes the data objects maintained by the function
contained in this part:
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Unit_Radial A
Unit Radial B
Unit Normal B
V_Length

Unit Vectors
Unit Vectors
Unit Vectors
Sin_Cos_Ratio

Unit radial vector pointing to point A

Unit radial vector pointing to point B

Segment AB unit normal vector

Length of a vector resulting from a cross
product of UR_A and UR_B which, because
of the geometry, equals the angle between
the two radial vectors

3.3.6.4.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.4.9.1.6 PROCESSING

The following describes the processing performed by this part:

vith Coordinate Vector Matrix Algebra;
separate (Geometric Operations)
package body Great_Circle_ Arc_Length is

package CVMA renames Coordinate_Vector_Matrix Algebra;

type Indices is (X, Y, 2Z);

-- —-instantiation to get a vector type and a vector length function

package V_Opns is new CVMA.Vector Operations

(Axes
Elements

=> Indices,
=> Sin Cos Ratio,

Elements_Squared => Sin_Cos Ratio);

subtype Unit Vectors is V_Opns.Vectors;

function Vector_Length (Input : Unit_Vectors)
return Sin Cos Ratio

renames V_Opns.Vector_Length;

-- —-instantiations to obtain required operations

function Cross Prod is new

CVMA.Cross_Product (Axes => Indices,

Left_Elements => Sin_Cos_Ratio,
Right Elements => Sin Cos_Ratio,
Result_Elements => Sin_Cos_Ratio,
Left Vectors => Unit_Vectors,
Right Vectors => Unit Vectors,
Result Vectors => Unit_Vectors);
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function Unit Rad Vector is new
Unit Radial _Vector (Indices
Earth Positions
Sin_Cos_Ratio
Unit_Vectors

Earth Positions;
Earth_Positions;
Earth_Positions;
Earth _Positions)

function Compute (Latitude A
Latitude B
Longitude A
Longitude B

Unit_Radial A
Unit_Radial B
Unit Normal B
V_Length

Unit_Vectors;
Unit_Vectors;
Unit_Vectors;
Sin_Cos_Ratio;

.
.
.
.
[
.
.
.

-- --begin function Compute-

begin

Unit_Radial A := Unit_Rad_Vector(Lat_of Point

Page 1166
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=> Indices,

=> Barth_Positions,
=> Sin_Cos_Ratio,
=> Unit_Vectors);

return Segment Distances is

=> Latitude A,

Long_of Point => Longitude A);

Unit_Radial B := Unit_Rad Vector(Lat of Point

=> Latitude B,

Long_of Point => Longitude B);

Unit_Normal B := Cross_Prod (Left => Unit_Radial B,
Right => Unit Radial A),

-— --because of the geometry, the length of vect
- --the angle between the two radial vectors
V_Length := Vector_Length(Unit_Normal B);
return Earth Radius * V_Length;
end Compute;

end Great_Circle Arc_Length;

3.3.6.4.9.1.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with’d by this part:

1. Coordinate_Vector Matrix_ Algebra (CVMA)

or UN_B equals
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UTILIZATION OF EXTERNAL ELEMENTS:
Packages:

The following table describes the packages required by this part:

| Name | Type | Source | Description |
| Vector_ | generic | CVMA | Defines a vector type and provides [
| Operations | package | | operations on that type |

Subprograms and task entries:

The following table describes the subprograms required by this part and
contained in CVMA.Vector Operations:

| Name | Type | Description |

| Vector_Length | function | Calculates the length of a vector |

The following table describes the subprograms required by this part and
contained in CVMA:

| Name | Type | Description |
| Cross_Product | generic | Calculates the cross product of two |
| | function | vectors, returning the resultant vector

Data types:

The following table describes the data types used by this part and defined in
CVMA.Vector Operations:

| Name | Type | Range | Description |

| Vectors | array | N/A | One-dimensional array |

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

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

Subprograms and task entries:
The followving table describes the subprograms required by the function

contained in this part and defined in the package specification of Geometric -
Operations.
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| Name | Type | Description |
| Unit Radial Vector | generic | Computes the unit radial vector of a |
| | function | point |

3.3.6.4.9.1.8 LIMITATIONS

None.

3.3.6.4.9.1.9 LLCSC DESIGN

None.

3.3.6.4.9.1,10 UNIT DESIGN

None.

3.3.6.4.10 UNIT DESIGN
3.3.6.4.10.1 UNIT_RADIAL_VECTOR UNIT DESIGN (CATALOG #P119-0)
This part computes the unit radial vector of a point given the point’s latitude ﬁ
and longitude. It extends outward from the origin of the Earth- centered
reference frame towards the point whose latitude and longitude are given.
The computations performed by this part are as follows:
UR(X) := Cos(Lat) * Cos(Long)

UR(Y) := Cos(Lat) * Sin(Long)
UR(Z) := Sin(Lat)

3.3.6.4.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R168.

3.3.6.4.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.4.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:

The following generic parameters were previously defined when this part vas

specified: @
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Data types:

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

| Name | Type | Description |
Indices discrete Used to dimension arrays
type
Earth Positions | floating Data type of longitude/latitude values
point
Sin_Cos_Ratio floating Data type of results of sine/cosine
point routines
Unit_Vectors array One-dimensional, 3-element array of
Sin_Cos_Ratio dimensioned by Indices

Data objects:

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

| Name | Type | Value | Description |
| X | Indices | 'FIRST | Index into first element of array |
| Y | Indices | 'SUCC(X) | Index into second element of array |
| 2 | Indices | ’LAST | Index into third element of array |
Subprograms:

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

FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Mode | Description |
| Lat_of Point | Earth Positions | In | Latitude of point for which a |
| | | | unit radial vector is desired |
| Long_of Point | Earth_Positions | In | Latitude of point for which a |
| I | I I

unit radial vector is desired
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3.3.6.4.10.1.4 LOCAL DATA
Data objects:

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

Description |

Value |

Sin_of Lat
Cos of Lat

Cos_of Long

Sin _Cos Ratio
Sin Cos Ratio

Sin_Cos_Ratio

N/A
N/A
N/A
N/A

Sine of latitude of pcint
Cosine of latitude of point
Sine of longitude of point

N/A Radial vector being calculated

and returned

Radial™ _Vector

I

I
_Cos_ |
Sin_Cos_Ratio |
|
Unit_Vectors |
I

| |
| Sin_of Long |
| | Cosine of longitude of point
| I
| l

3.3.6.4.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.4.10.1.6 PROCESSING
The following describes the processing performed by this part:

separate (Geometric Operations) G

function Unit_Radial Vector
(Lat_of_Point
Long_of_Point

Earth Positions;
Earth Positions) return Unit_Vectors is

Sin of Lat : Sin_Cos_Ratio;
Cos of Lui : Sin Cos Ratio,
Sln_of_Long : Sln_Cos_Ratio,
Cos_of Long : Sin_Cos_Ratio;
Radial Vector : Unit_Vectors;

begin
Lat of Point,

Sin_of Lat,
Cos_of Lat);

Sin_Cos (Input =>
Sine =
Cosine =>

Long_of Point,
Sin of Long,
Cos of Long); é

Sin _Cos (Input =>
Sine =
Cosine =>

Radial Vector(X) := Cos_of Lat * Cos_of_Long;
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Radial Vector(Y) := Cos_of Lat * Sin_of Long;
Radial Vector(Z) := Sin of _Lat;
return Radial Vector;

end Unit_Radial Vector;

3.3.6.4.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.4.10.1.8 LIMITATIONS

None.

3.3.6.4.10.2 UNIT_NORMAL VECTOR UNIT DESIGN (CATALOG #P120-0)

This function computes the segment unit normal vector for a course segment
given the unit radial vectors for the two points defining the course segment.

The computations performed by this part are as followvs:
UNB := URBX UR A/ Length(UR_B X UR_A)
vhere UN B :== unit normal vector
UR B :== unit radial vector to point B
UR A :== unit radial vector to point A
3.3.6.4.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R169.

3.3.6.4.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.4.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

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

Data types:

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

| Unit_Vectors | private | One-dimensional, 3-element array of

| | | Sin_Cos_Ratio

| Sin_Cos Ratio | floating | Data type of results of sine/cosine rout
| | point type | '

Page 1172
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Subprograms:

The following table describes the generic formal subroutines required by this
part:
| Name | Type | Desecription |
AVAL function Division operator defining the operation:
Unit_Vectors / Sin Cos_Ratio => Unit_Vectors

Cross product function
Vector length function

| |
| |
| Cross_Product | function
| Vector_Length | function

FORMAL PARAMETERS:

The following-table describes this part’s formal parameters:

| Name | Type | Mode | Description

| Unit_Radial A | Unit_Vectors | In | Unit radial vector defining one
| | | | endpoint of the course segment
| Unit_Radial B | Unit_Vectors | In | Unit radial vector defining one
I | I I

endpoint of the course segmen

t

3.3.6.4.10.2.4 LOCAL DATA
Data objects:

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

| Name | Type | Value | Description

| Unit Normal B | Unit_Vectors | N/A | Vector being calculated and
| | returned

| V_Length | Sin_Cos_Ratio | N/A | Vector length

3.3.6.4.10.2.5 PROCESS CONTROL

Not applicable.

Oy
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3.3.6.4.10.2.6 PROCESSING
The following describes the processing performed by this part:

separate (Geometric Operations)
function Unit Normal Vector
(Unit_Radial A : Unit_Vectors;
Unit_Radial B : Unit_Vectors) return Unit Vectors is

Unit_Normal B : Unit_Vectors;
V_Length : Sin_Cos_Ratio;

--begin function Unit_Normal Vector-

begin
Unit_Normal B := Cross_Product(Left => Unit_Radial B

- Sl |
Right => Unit_Radial A);
V_Length := Vector_Length(Input => Unit_Normal B);

return (Unit_Normal B / V_Length);

end Unit_Normal Vector;

3.3.6.4.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.%.6.4.10.2.8 LIMITATIONS

None.

3.3.6.4.10.3 COMPUTE_SEGMENT AND UNIT NORMAL VECTOR UNIT DESIGN (CATALOG #P121-0)
This procedure computes the segment unit normal vector for a course segment and
the length of the course segment, given the unit radial vectors for the 2

points defining the course segment.

The computations performed by this part are as follows:

UN 2 := UR_2 X UR_1 / Length(UR_2 X UR_1)
Seg Dist := Earth Radius * Length(UR_2 X UR 1)
vhere UN 2 :== unit normal vector
UR 2 :== unit radial vector to point 2
UR"1 :== unit radial vector to point 1

SeE_Dist :== great circle arc length between points 1 and 2
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3.3.6.4.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R169.

3.3.6.4.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.4.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined when this part was

specified:

Data types:

Page 1174

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

| Name | Type Description |

Indices discrete Used to dimension Unit_Vectors; this type
type should have a length of 3

Earth_ floating bata type used to define distance

Distances point type measurements involving the Earth’s radius

Segment _ floating Data type used to define distance measure-

Distances point type menets involving nagivation segments

Sin_Cos_Ratio | floating Data type used to define results of sine/
point type cosine operations

Unit Vectors array One-dimensional, 3-element array indexed by

Data objects:

Indices and containing Sin_Cos_Ratio
elements

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

| Name | Type | Value | Description |
| Earth Radius | Earth Distances | N/A | Radius of the Earth |
Subprograms:

The following table describes the generic formal subroutines required by this

part:
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Mkt function Operator defining the operation:
Earth Distances * Sin_Cos_Ratio =>
Segment Distances

VA function Operator defining the operation:

Unit Vectors / Sin_Cos_Ratio => Unit_Vectors
Cross_Product | function Calculates the cross product of two units
Vector_Length | function Calculates the length of a vector

FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Mode | Description |
Unit_Radiall Unit_Vectors | in Unit radial vector to waypoint B
Unit Radial2 Unit Vectors | in Unit radial vector to waypoint C

Segment _ Segment_ out Great circle arc length between

| | | | I
| = I _ I | I
| Unit Normal2 | Unit Vectors | out | Segment unit normal vector |
| I | I |
| Distance | Distances | | points 1 and 2 |

3.3.6.4.10.3.4 LOCAL DATA
Data objects:

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

| Name | Type | Value | Description |
| Temp_Unit Vector | Unit_Vectors | N/A | Temporary unit vector |
| V_Length | Sin_Cos_Ratio | N/A | Vector length |

3.3.6.4.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.4.10.3.6 PROCESSING
The following describes the processing performed by this part:

separate (Geometric Operations)
procedure Compute Segment_and Unit Normal Vector

(Unit_Radiall : in Unit Vectors;
Unit_Radial2 : in Unit_Vectors;
Unit Normal2 : out Unit_Vectors;

Segment_Distance : out Segment Distances) is
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Temp_Unit_Vector : Unit_Vectors;
V_Length : Sin_Cos_Ratio;

--begin procedure Compute_Segment_and_Unit_Normal Vectcr-

begin
Temp_Unit_Vector := Cross_Product(Left => Unit_Radial2,
Right => Unit_Radiall);
V_Length := Vector_Length(Input => Temp Unit_Vector);
Unit_Normal2 := Temp_Unit Vector / V_Length;
Segment Distance := Earth_Radius * V_Length;

end Compute_Segment_and_Unit_Normal Vector;

3.3.6.4.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.4.10.3.8 LIMITATIONS

None.

3.3.6.4.10.4 COMPUTE SEGMENT_ AND UNIT NORMAL VECTOR_WITH_ARCSIN UNIT DESIGN
(CATALOG #P1050-0)

This procedure computes the segment unit normal vector for a course segment and

the length of the course segment, given the unit radial vectors for the 2

points defining the course segment.

The computations performed by this part are as follows:

UN_2 = UR_2 X UR_ 1 / Length(UR_2 X UR_1)
Seg_Dist := Earth_Radius * Arcsin(Length(UR_2 X UR_1))
vhere UN_2 :== unit normal vector
UR_2 :== unit radial vector to point 2
UR 1 :== unit radial vector to point 1
SeE_Dlst :== great circle arc length between points 1 and 2

3.3.6.4.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R169.
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3.3.6.4.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.4.10.4.3 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 |
Indices discrete Used to dimension Unit_Vectors; this type
type should have a length of 3
Earth_ floating Data type used to define distance
Distances point type measurements involving the Earth’s radius
Segment_ floating Data type used to define distance measure-
Distances point type menets involving nagivation segments
Radians floating Data type used to define angular measurement
point type
Sin_Cos_Ratio '| floating Data type used to define results of sine/
point type cosine operations
Unit_Vectors array One-dimensional, 3-element array indexed by
Indices and containing Sin_Cos_Ratio
elements

Data objects:

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

| Name | Type | Value | Description |
| Earth_Radius | Earth_Distances | N/A | Radius of the Earth |
Subprograms:

The following table describes the generic formal subroutines required by this
part:
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"n function Operator defining the operation:
Earth Distances * Sin_Cos_Ratio =>
Segment Distances

nwyn function Operator defining the operation:

Unit Vectors / Sin Cos_Ratio => Unit _Vectors
Cross_Product | function Calculates the cross product of two units
Vector_Length | function Calculates the length of a vector

FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Mode | Description |
| Unit_Radiall | Unit_Vectors | in | Unit radial vector to waypoint B |
| Unit_Radial2 | Unit_Vectors | in | Unit radial vector to waypoint C |
| Unit_Normal2 | Unit_Vectors | out | Segment unit normal vector |
| Segment_ | Segment_ | out | Great circle arc length between

| Distance | Distances | | points 1 and 2 |

3.3.6.4.10.4.4 LOCAL DATA
Data objects:

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

| Name | Type | Value | Description |
| Temp_Unit_Vector | Unit_Vectors | N/A | Temporary unit vector |
| V_Length | Sin_Cos_Ratio | N/A | Vector length |

3.3.6.4.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.4.10.4.6 PROCESSING
The following describes the processing performed by this part:

separate (Geometric Operations)
procedure Compute_ Segment and Unit_Normal Vector_with_Arcsin

(Unit Radiall : in  Unit Vectors,
Un1t_Rad1a12 : in Un1t_Vectors,
Unit Normal2 : out Unit Vectors;

Sengnt_Distance : out Sengnt_Distances) is

.
[N
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Temp_Unit Vector : Unit_Vectors;
V_Length : Sin_Cos_Ratio;

--begin procedure Compute_Segment_and_Unit_Normal Vector-

begin
Temp_Unit_Vector := Cross_Product(Left => Unit_Radial2,
Right => Unit_Radiall);
V_Length t= Vector_Length(Input => Temp Unit_Vector);
Unit_Normal2 := Temp_Unit_Vector / V_Length;
Segment Distance := Earth_Radius * Arcsin(V_Length);

end Compute_Segment_and Unit_Normal Vector with Arecsin;

3.3.6.4.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.4.10.4.8 LIMITATIONS

None.
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v package body Geometric_Operations is

function Unit_Radial Vector
(Lat_Of Point : Earth Positions;
Long_Of_Point : Earth_Positions)
return Unit_Vectors is separate;

function Unit_Normal Vector
(Unit_Radial A : Unit_Vectors;
Unit_Radial B : Unit_Vectors) return Unit Vectors is separate;

procedure Compute Segment And Unit Normal Vector

(Unit Radiall = : in Unit_Vectors;

Unit Radial2 : in Unit_Vectors;

Unit_Normal2 ; out Unit_Vectors;

Segment Distance : out Segment Distances) is separate;

procedure Compute_Segment And _Unit_Normal Vector VWith Arcsin

(Unit Radiall : in Unit_Vectors;

Unit_Radial2 ¢ in Unit_Vectors;

Unit_Normal2 : out Unit_Vectors;

Segment_Distance : out Segment Distances) is separate;

package body Great Circle_Arc_Length is separate;

end Geometric_Operations;

[
3
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« %

separate (Geometric Operations)
function Unit_Radial Vector
(Lat_Of Point : Earth Positions;
Long_Of_Point : Earth_Positions) return Unit Vectors is

—-- —=declaration section-

Sin 0f Lat : Sin_Cos_Ratio;
Cos_0f Lat : Sin_Cos_Ratio;
Sin_Of Long : Sin Cos Ratio,
Cos Of _Long Sin Cos Ratio,
Radial Vector : Unit Vectors,

begin
Sin_Cos (Input => Lat_Of Point,
Sine => Sin 0f Lat,
Cosine => Cos_Of Lat);

Sin_Cos (Input => Long Of Point,
Sine => Sin Of Long, _
Cosine => Cos_ “0f _Long); ’ e

Radial Vector(X) := Cos_Of Lat * Cos_Of Long;
Radial Vector(Y) := Cos “0f Lat * Sin Of _Long;
Radial Vector(Z) := Sin of _Lat;

return Radial Vector;

end Unit_Radial Vector;
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vv  geparate (Geometric Operations)
function Unit Normal Vector
(Unit_Radial A : Unit Vectors;
Unit_Radial B : Unit_Vectors) return Unit _Vectors is

Unit_Normal B : Unit Vectors;
V_Length : Sin_Cos_Ratio;

begin
Unit_Normal B := Cross_Product(Left => Unit Radial B

— S |
Right => Unit_Radial A);
V_Length := Vector_Length(Input => Unit_Normal B);

return (Unit_Normal B / V_Length);

end Unit_Normal Vector;
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separate (Geometric_Operations)
procedure Compute_Segment And Unit Normal Vector

(Unit Radiall : in Unit Vectors;
Unit_Radial? : in Unit_Vectors;
Unit_Normal2 : out Unit_Vectors;

Segment Distance : out Segment Distances) is

—— =—=—declaration section-

Temp_Unit_Vector : Unit_Vectors;
V_Length : Sin_Cos_Ratio;

begin
Temp_Unit_Vector := Cross_Product(Left => Unit_Radial2,
Right => Unit_Radiall);
V_Length := Vector_Length(Input => Temp_Unit_Vector);
Unit Normal2 := Temp_Unit_Vector / V_Length;
Segment_Distance := Earth_Radius * V_Length;

end Compute_Segment_And Unit_Normal Vector;

5
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vith Coordinate Vector Matrix_Algebra;
separate (Geometric Operations)
package body Great Circle _Arc_Length is

package Cvma renames Coordinate Vector_Matrix Algebra;

type Indices is (X, Y, 2);
—-- —-instantiation to get a vector type and a vector length function

package V_Opns is nev Cvma.Vector Operations
(Axes => Indices,
Elements => Sin_Cos_Ratio,
Elements_Squared => Sin_Cos_Ratio);

subtype Unit_Vectors is V_Opns.Vectors;

function Vector_Length (Input : Unit_Vectors)
return Sin_Cos_Ratio
renames V_Opns.Vector_Length;

—-- —=instantiations 1o obiain required operations

function Cross_Prod is new
Cvma.Cross_Product (Axes => Indices,
Left Elements => Sin_Cos_Ratio,
Right Elements «> Sin Cos Ratio,
Result _Elements => Sin Cos_ Ratio,
Left_Vectors => Unit _Vectors,
Right Vectors => Unit_Vectors,
Result _Vectors => Unit_Vectors);

function Unit_Rad Vector is new
Unit_Radial Vector (Indices => Indices,
Earth Posi*ions => Earth Positions,
Sin_Cos_Ratio => Sin_Cos_Ratio,
Unit_Vectors => Unit_Vectors);

pragma PAGE;

function Compute (Latitude A : Earth Positions;
Latitude B : Earth_Positions;
Longitude_A : Earth Positions;
Longitude B : Earth Positions) return Segment Distances is

Unit_Radial A : Unit_Vectors;
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Unit_Radial B : Unit_Vectors;
Uunit_Normal B : Unit Vectors;
V_Length : Sin_Cos _Ratio;

begin

Unit_Radial A := Unit_Rad Vector(Lat_Of Point
Long_Of Point
Unit_Radial B := Unit_Rad Vector(Lat_Of Point
Long_Of Point

Unit_Normal B := Cross_Prod (Left

Page 1186

=> Latitude_ A,
=> Longitude A);
=> Latjtude_B,
=> Longitude B);

=> Unit Radial B,

Right => Unit_Radial A);

- ~=because of the geometry, the length of vector UN B equals

- -=the angle between the 1wo radial vectors

V_Length := Vector_Length(Unit_Normal B);

return Earth_Radius * V_Length;
end Compute;

end Great_Circle_Arc_Length;



=

CAMP Software Detailed Design Document

separate (Geometri:_Operations)
procedure Compute_ Segment And Unit Normal _Vector_With Arcsin

(Unit_Radiall ~ : in Unit_Vectors;
Un1t_Rad1a1° : in Unit Vectors,
Unit Normal2 : out Unit Vectors;

Segment Distance : out Segment _Distances) is

—- =—=declaration section-

Temp_Unit_Vector : Unit_Vectors;
V_Length : Sin_Cos_Ratio;

. e - - - - -

~—begin procedure Compute Segmeni and Unit Normal Vector-

begin
Temp Unit_Vector := Cross_Product(Left => Unit Radial2,
Right => Unit Radiall),
V_Length := Vector_Length(Input => Temp Unit_Vector);
Unit_Normal2 t= Temp_Unit Vector / V_Length;
Segment_Distance := Earth Radius * Arcsin(V_Length);

end Compute_Segment_And_Unit_Normal Vector_With_Arcsin;
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*+ 3.3.6.5 DATA CONVERSION
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3.3.6.5.1 UNIT_CONVERSIONS (PACKAGE BODY) TLCSC P851 (CATALOG #P631-0)

This part, vhich is a package of generic packages, provides a set of functions

wvhich convert data objects from one unit of measurement to another.

The table below shows which package contains the functions to perform the unit

conversions between which units:

Meters and Feet

Meters and_ Feet
per_Second

Meters and Feet
per_Second Squared

Gees and Meters
per_ ~Second Squared

Gees and Feet
per_ ~Second Squared

Radians and_ _Degrees

Radians and_ _Degrees_
per_ Second

Radians and Semicircles

Radians and . Semicircles_
per__ Second

Degrees_and Semicircles

Degrees_: “and . Semicircles_
per_ Second”

Seconds and Minutes

Centigrade and
Fahrenheit

Centigrade_and Kelvin

Fahrenheit and Kelvin

Kilograms_and_Pounds

Kilograms per
Meter_Squared_and_
Pounds per_ Foot
Squared

Type B

Meters
Meters_per_ Second

Meters per_
Second_Squared
Gees

Gees

Radians
Radians_per_Second

Radians
Radians_per_Second

Degrees
Degrees_per_ Second

Seconds
Centigrade

Centigrade
Fahrenheit
Kilograms
Kilograms_per_
Meters_Squnred
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Feet
Feet_per Second

Feet_per_Second_Squared

Meters_per_ Second_
Squared
Feet_per_Second_Squared

Degrees
Degrees_per_ Second

Semicircles
Semicircles_per_Second

Semicircles
Semicircles_per_ Second

Minutes
Fahrenheit

Kelvin
Kelvin
Pounds
Pounds_per Foot_Squared

The following table lists the catalog numbers for subunits contained in this

part:
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| Catalog _#
| Kilograms_per Meter Squared_and_ P632-0
Pounds_per_ Foot Squared
Conver51on to Pounds _per_Foot2 P633-0
Conversion to Kllograms per_Meter2 P634-0
Meters_and_Feet P635-0
Conversion_to_Feet P636-0
Conversion_to_Meters P637-0
Meters and Feet _per_Second P638-0
Conversion to Feet _per_Second P639-0
Conversion to Heters _per_Second P640-0
Meters and Feet _per_ Second Squared P641-0
Conversion_to_Feet_per_SecondZ P642-0
Conversion_to Meters_per_ Second2 P643-0
Gees and Meters _per_ Second _Squared P644-0
Conversion to Meters _per_ ~Second2 P645-0
Conversion to Gees P646-0
Gees and Feet per Second_Squared P647-0
Conversion to Feet _per_ ~Second2 P648-0
Conversion to Gees P649-0
Radians_and_Degrees P650-0
Conversion to _Degrees P651-0
Conversion to_Radians P652-0
Radians and Degrees per_Second P653-0
Conversion to Degrees per_Second P654-0
Conversion to Radians per_ ~Second P655-0
Radians and Semicircles P656-0
Conversion_to_Semicircles P657-0
Conversibn_to Radians P658-0
Radians_and Semicircles_per_Second P659-0
Conversion to Semicircles _per_Second P660-0
Conversion_to Radians per_ ~Second P661-0
Degrees_and Semicircles™ P662-0
Conversion to Semicircles P663-0
Conversion to Degrees P664-0
Degrees_and_Semicircles_per_Second P665-0
Conversion to_ Semicircles _per_Second P666-0
Conversion to Degrees per_ ~Second P667-0
Seconds and Minutes P668-0
Conversion_to_Minutes P669-0
Conversion to Seconds P670-0
Centigrade and Fahrenheit P671-0
Conversion to Fahrenheit P672-0
Conversion to Centigrade P673-0
Centigrade and Ke1v1n P674-0
Conver31on to Kelvin P675-0
Conversion to Centlgrade P676-0
Fahrenhelt_and Relvin P677-0
Conversion_to Kelvin P678-0
Conversion to Fahrenheit P679-0
Kilograms_and_Pounds P680-0
Conver51on to _Kilograms P681-0
Conver31on to_ “Pounds P682-0
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.
3.3.6.5.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R105.

3.3.6.5.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.5.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

All of the packages contained in this TLCSC are generic packages. The types
defining the units between which the conversions are taking place have been
defined as generic formal parameters to the individual packages.

FORMAL PARAMETERS:

Each of the units contained in this part’s LLCSC’s require one input parameter.
That parameter is of the type from which the conversion is to take place.

3.3.6.5.1.4 LOCAL DATA

None.

3.3.6.5.1.5 PROCESS CONTROL

Not applicable.

3.3.6.5.1.6 PROCESSING
The following describes the processing performed by this part:

vith Conversion Factors;
package body UnTt_Conversions is

package CF renames Conversion_ Factors;

package body Meters and Feet is

function Conversion_to_Feet (Input : Meters) return Feet is



CAMP Software Detailed Design Document Page 1194
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begin
return Feet(Input) * CF.Feet_per Meter;
end Conversion_to_Feet;

function Conversion_to_Meters (Input : Feet) return Meters is
begin

return Meters(Input) * CF.Meters_per Foot;
end Conversion_to_ Meters;

end Meters_and Feet;

-- —-package containing routines to convert Meters/Second <==> Feet/Second

package body Meters_and _Feet per_Second is

function Conversion_to_Feet per_ Second
(Input : Meters_per_Second) return Feet_per_ Second is
begin
return Feet_per Second(Input) * CF.Feet_per Meter;
end Conversion to_ Feer _per_Second;

function Conversion_to_Meters_per_Second
(Input : Feet _per_ ~Second) return Meters _per_Second is

begin
return Meters_per Second(Input) * CF.Meters_per Foot; ‘ﬁ
end Conversion to Heters _per_Second;

end Meters_and_Feet_per Second;

-- --package containing routines to convert Meters/Second**2 <==> Feet/Second**2

package body Meters_and_Feet_per Second_Squared is

function Conversion_to_Feet per_ Second2
(Input : Meters _per_ " Second _Squared)
return Feet_per_ Second_Squared is
begin
return Feet_per Second_Squared(Input) * CF.Feet_per Meter;
end Conversion to_ Feet _per_Second2 ;

function Conversion_to_Meters_per_ Second2
(Input : Feet _per_ ~Second Squared)
return Meters per Second Squared is
begin
return Meters_per_Second_Squared(Input) * CF.Meters_per_ Foot;
end Conversion_ to Meters _per_Second2;

end Meters_and Feet per Second_Squared; é§
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1
vl
»* -~ ——package containing routines to convert Gees <==> Meters/Second**2

package body Gees_and Meters_per Second Squared is

function Conversion_to_Meters_per_ Second2
(Input : Gees) return Meters_per Second_Squared is
begin
return Meters_per_Second_Squared(Input) * CF.Meters_per_Sec2_per_ Gee;
end Conversion_ to Heters _per_Second2;

function Conversion_to_Gees
(Input : Meters_per_Second_Squared) return Gees is
begin -
return Gees(Input) * CF.Gees_per_ Meter_ per Sec2;
end Conversion_to_Gees;

end Gees_and_Meters_per Second_Squared;

package body Gees_and_Feet per Second_Squared is

function Conversion_to_Feet_ per_ Second2
) (Input : Gees) return Feet_per_Second_ Squared is
begin
return Feet per Second Squared(Input) * CF.Feet_per_ Sec2 per Gee;
end Conversion_to_Feet per Second2 ;

function Conversion_to_Gees
(Input : Feet _per_Second_Squared) return Gees is
begin
return Gees(Input) * CF.Gees_per Foot_per Sec2;
end Conversion_to_Gees;

end Gees_and_Feet_per Second_Squared;

package body Radians_and Degrees is

function Conversion_to Degrees (Input : Radians) return Degrees is
begin

return Degrees(Input) * CF.Degrees_per Radian;
end Conversion_to Degrees ;

function Conversion_to Radians (Input : Degrees) return Radians is
begin

@' return Radians(Input) * CF.Radians_per Degree;
end Conversion_to_Radians ;
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end Radians_and_Degrees;

package body Radians_and_Degrees_per_ Second is

function Conversion_to_Degrees_per_ Second
(Input : Radians _per_ Second)
return Degrees_per_Second is
begin
return Degrees_per Second(Input) * CF.Degrees_per Radian;
end Conversion_to_Degrees_per_Second;

function Conversion_to_Radians_per_Second
(Input Degrees per_ Second)
return Radlans_per_Second is
begin
return Radians_per Second(Input) * CF.Radians_per Degree;
end Conversion_to RadTans _per_Second;

end Radians_and_Degrees per Second;

-- ——package containing routines to convert Radians <{==> Semicircles

package body Radians_and_Semicircles is

function Conversion_to Semicircles (Input : Radians) return Semicircles is
begin

return Semicircles(Input) * CF.Semi_Circles_per Radian;
end Conversion_to_Semicircles ;

function Cunversion_to Radians (Input : Semicircles) return Radians is
begin

return Radians(Input) * CF.Radians_per_ Semi Circle;
end Conversion_to Radians ;

end Radians_and_Semicircles;

-- --package contain:ng routines to convert
-~ --Radians/Second <==> Semicircles/Second

package body Radians_and Semicircles_per_Second is

function Conversion_to_Semicircles_per Second
(Input : Radians _per_ Second) return Semicircles _per_Second is
begin
return Semicircles per_Second(Input) * CF.Semi_Circles_per Radian;
end Conversion_to_Semicircles_per_ Second ;

Ko d
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"

function Conversion_to Radians_per_ Second
(Input : Semicircles_per Second) return Radians_per_Second is

begin
return Radians_per Second(Input) * CF.Radians_per Semi Circle;
end Conversion_to RadTans _per_Second;

end Radians_and_Semicircles_per_Second;

-- --package containing routines to convert Degrees <==> Semicircles

package body Degrees and Semicircles is

function Conversion to_Semicircles (Input : Degrees) return Semicircles is
begin

return Semicircles(Input) * CF.Semi_Circles_per Degree;
end Conversion_to_Semicircles ;

function Conversion_to Degrees (Input : Semicircles) return Degrees is
begin

return Degrees(Input) * CF.Degrees_per Semi Circle;
end Conversion_to Degrees ;

end Degrees_and Semicircles;

158

-- --package containing routines to convert
-- —--Degrees/Second <==> Semicircles/Second

package body Degrees_and Semicircles_per_ Second is

function Conversion to Semicircles per Second
(Input : Degrees_per_ Second)
return Semicircles _per_Second is
begin
return Semicirzles per_Second(Input) * CF.Semi Circles_per Degree;
end Conversion to_ Semicircles _per_Second ;

function Conversion_to Degrees per_Second
(Input : Semicircles _per_Second)
return Degrees per Second is
begin
return Degrees_per Second(Input) * CF.Degrees_per Semi_Circle;
end Conversion_to_Degrees_per Second;

end Degrees_and_Semicircles_per_ Second;
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;

package body Seconds_and Minutes is

function Conversion_to Minutes (Input : Seconds) return Minutes is
begin

return Minutes(Input) * CF.Minutes_per Second;
end Conversion_to_Minutes ;

function Conversion_to_Seconds (Input : Minutes) return Seconds is
begin

return Seconds(Input) * CF.Seconds_per Minute;
end Conversion_to_Seconds ;

end Seconds_and_Minutes;

’

package body Centigrade and_Fahrenheit is

function Conversion_to_Fahrenheit
(Input : Centigrade:) return Fahrenheit is
begin
return Fahrenheit(Input) * CF.Degrees Fahrenheit per Centigrade +
CF.Centigrade to Fahrenheit Bias,
end Conversion_to_. Fahrenhelt ; e

function Conversion_to Centigrade
(Input : Fahrenheit) return Centigrade is

begin
return Centigrade(Input + CF.Fahrenheit to_Centigrade Bias) *
CF.Degrees Centigrade per_ Fahrenheit;
end Conversion_to_Centigrade'

end Centigrade_and_Fahrenheit;

-- --package containing routines to convert Centigrade <==> Kelvin

package body Centigrade and Keivin is

function Conversion_to_Kelvin (Input : Centigrade) return Kelvin is
begin

return Kelvin(Input + CF.Centigrade_to_Kelvin Bias);
end Conversion_to_Kelvin ;

function Conversion_to Centigrade (Input : Kelvin) return Centigrade is
begin

return Centigrade(Input + CF.Kelvin_ to_Centigrade Bias);
end Conversion to_Centigrade ;

end Centigrade_and Kelvin; 88
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-- --package containing routines to convert Fahrenheit <==> Kelvin
package budy Fahrenheit_and Kelvin is
function Conversion_to Kelvin (Input : Fahrenheit) return Kelvin is
begin
return Kelvin(Input + CF.Fahrenheit to_Kelvin Bias) *
CF.Degrees Kelvin_per_ Fahrenheit ;
end Conversion_to Kelvin ;
function Conversion_to_Fahrenheit (Input : Kelvin) return Fahrenheit is
begin
return Fahrenheit(Input) * CF.Degrees_Fahrenheit per Kelvin +
CF.Kelvin_to_Fahrenheit Bias;
end Conversion_to_ Fahrenheit ;
end Fahrenheit and Kelvin;
-- --package containing routines to convert Kilograms <==> Pounds
package body Kilograms_and_Pounds is
f“ function Conversion_to_Pounds (Input : Kilograms) return Pounds is
begin
return Pounds(Input) * CF.Pounds_per Kilogram;
end Conversion_to_Pounds ;
function Conversion_to Kilograms (Input : Pounds) return Kilograms is
begin
return Kilograms(Input) * CF.Kilograms_per Pound;
end Conversion_to_Kilograms ;
end Kilograms_and_Pounds;
-- --package containing routines to convert
-- --Kilograms/Meter*+*2 <=e> Pounds/Foot**2
package body Kilograms_per Meter_Squared_and_Pounds_per_Foot_Squared is
function Conversion_to Pounds per Foot2
(Input ¥ Kllograms per_Meter_Squared)
return Pounds_per Foot Squared is
begin
return Pounds_per Foot_Squared(Input) *
CF.Pounds _per_ Foot2 per Kilograms_per Meter2;
end Conversion_to_Pounds_per FootZ;
88 function Conversion to Kilograms per Meter2

(Input : Pounds_per Foot Squared)
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return Kilograms _per Meter Squared is
begin
return Kilograms_per Meter_ Squared(Input) *
CF. Kllograms per_ Meter2 per Pounds _per_Foot2;
end Conversion_to Kllograms _per_. Meter?;
end Kilograms_per Meter Squared_and Pounds_per Foot_Squared;

end Unit_Conversions;

3.3.6.5.1.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with’d by this part:
1. Conversion_Factors (CF)

UTILIZATION OF EXTERNAL ELEMENTS:
Data objects:

All of the conversion factors required by the units nested in this part are
contained in the Conversion Factors TLCSC.

3.3.6.5.1.8 LIMITATIONS

None.

3.3.6.5.1.9 LLCSC DESIGN

None.

3.3.6.5.1.10 UNIT DESIGN

None.
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E{‘ vith Conversion Factors;
package body Unit Conversions is
package Cf renames Conversion_Factors;

pragma PAGE;

~~ —-package containing subroutines to convert Meters < ==> Feet

package body Meters_And_Feet is

function Conversion_To_Feet (Input : Meters) return Feet is
begin

return Feet(Input) * Cf.Feet_Per Meter;
end Conversion_To_Feet;

function Conversion_To Meters (Input : Feet) return Meters is
begin

return Meters(Input) * Cf.Meters Per_ Foot;
end Conversion_To_Meters;

end Meters_And_Feet;

A T ——- package coni:‘ning routines to conver! Melers/Second < == > Feet/Second

package body Meters And_Feet Per Second is

function Conversion To Feet Per_ Second
(Input : Meters_Per_ Second) return Feet_ Per Second is
begin
return Feet Per_Second(Input) * Cf.Feet Per Meter;
end Conversion _To_ Feet _Per_Second;

function Conversion_To_Meters_Per_Second
(Input * Feet Per Second) return Meters Per_Second is
begin
return Meters_Per_Second(Input) * Cf.Meters Per Foot;
end Conversion ' To Heters Per_Second;

end Meters And_Feet Per Second;

pragma PAGE;

package body Meters And_Feet Per Second_Squared is

function Conversion_To_Feet Per_Second2
(Input : Meters Per_ Second_Squared)
3; return Feet Per “Second Squared is
begin
return Feet Per_ Second_Squared(Input) * Cf.Feet Per Meter;
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end Conversion_To_Feet_Per Second2 ;

function Conversion_To Meters Per_Second2
. (Input : Feet Per Second Squared)
return Meters_ Per Second Squared is

begin
return Meters_Per_ Second_Squared(Input) * Cf.Meters_Per Foot;
end Conversion_ To Meters Per Second?2;

end Meters_And_Feet Per_Second_Squared;

—— —-package containing routines to conver! Gees < ==> Melers/Second**2

package body Gees_And_Meters_Per Second_Squared is

function Conversion_To Meters_Per Second2
(Input t Gees) return Meters _Per_Second_Squared is

begin
return Meters_Per Second_Squared(Input) * Cf.Meters Per Sec2 Per_Gee;

end Conversion To Meters Per _Second2;

function Conversion_To_Gees
(Input : Meters_Per Second_Squared) return Gees is
begin

return Gees(Input) * Cf.Gees_Per Meter Per Sec2;
end Conversion_To_Gees;

end Gees And Meters Per_ Second Squared;

pragma PAGE;

package body Gees_And_Feet_rer Second_Squared is

function Conversion_To_Feet Per Second2
(1nput : Gees) return Feet _Per_Second_Squared is

begin
return Feet Per Second Squared(Input) * Cf.Feet Per Sec2 Per_ Gee;

end Conversion To Feet Per Second2 ;

function Conversion_To_Gees
(Input : Feet Per Second Squared) return Gees is

begin
return Gees(Input) * Cf.Gees_Per Foot_Per Sec2;
end Conversion_To_Gees;

end Gees_And Feet Per Second_Squared;

pragma PAGE;
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aXE
package body Radians_And_Degrees is
function Conversion_To Degrees (Input : Radians) return Degrees is
begin
return Degrees(Input) * Cf.Degrees Per Radian;
end Conversion_To Degrees ;
function Conversion_To Radians (Input : Degrees) return Radians is
begin
return Radians(Input) * Cf.Radians_Per_ Degree;
end Conversion_To Radians ;
end Radians_And_Degrees;
—— ——package containing routines 1o convert Radians/Second < == > Degrees/Second
package body Radians And_Degrees Per_Second is
function Conversion To_Degrees Per_ Second
(Input : Radians_Per_Second)
return Degrees_ Per Second is
begin
o return Degrees_Per_ Second(Input) * Cf.Degrees_ Per Radian;
D ‘end Conversion To Degrees Per_Second;

function Conversion_To_ Radians Per Second
(Input : Degrees_Per Second)
return Radians_ Per Second is
begin
return Radians Per Second(Input) * Cf.Radians_Per Degree;
end Conversion_To Radlans Per_Second;

end Radians_And_Degrees_Per_ Second;

pragma PAGE;

-— —-package coniaining routines to convert Radians < == > Semicircles

package body Radians And_Semicircles is

function Conversion _To_Semicircles (Input : Radians) return Semicircles is

begin
return Semicircles(Input) * Cf.Semi Circles_Per Radian;

end Conversion_To Semicircles ;

function Conversion_To_Radians (Input : Semicircles) return Radians is
begin

return Radians(Input) * Cf.Radians Per Semi Circle;
end Conversion_To Radians ;

HE} end Radians_And_Semicircles;
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—— —=package containing routines to convert
-~ ——Radians/Second < == > Semicircles/Second

package body Radians_And_Semicircles Per Second is

function Conversion To_Semicircles_Per_ Second
(Input : Radians_Per_Second) return Semicircles_Per_Second is
begin
return Semicircles Per Second(Input) * Cf.Semi Circles Per Radian;
end Conversion_To_ SemTcircles Per_Second ;

function Conversion_To Radians_Per_ Second
(Input : Semicircles Per_Second) return Radians_Per_Second is

begin
return Radians Per Second(Input) * Cf.Radians Per Semi Circle;
end Conversion_To Radlans Per_Second;

end Radians_And_Semicircles_Per_Second;

pragma PAGE;

—— —-package containing routines 1o convert Degrees < ==> Semicircles

package body Degrees And_Semicircles is e

function Conversion To_Semicircles (Input : Degrees) return Semicircles is

begin

return Semicircles(Input) * Cf.Semi_Circles_Per Degree;
end Conversion_To_Semicircles ;

function Conversion_To Degrees (Input : Semicircles) return Degrees is

begin
return Degrees(Input) * Cf.Degrees Per_ Semi Circle;
end Conversion_To _Degrees ;

end Degrees_And_Semicircles;

—— —-package containing routines to conver!
—— ~=Degrees/Second < == > Semicircles/Second

package body Degrees_And_Semicircles_Per_ Second is

function Conversion_To_Semicircles_Per_ Second
(Input : Degrees_Per Second)
return Semicircles Per Second is
begin
return Semicircles Per Second(Input) * Cf.Semi Circles_Per Degree; P
end Conversion To_ Semicircles _Per_Second ; &5

function Conversion_To_Degrees_Per_Second
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(Input : Semicircles_Per_Second)
return Degrees Per_ Second is

begin
return Degrees Per_Second(Input) * Cf.Degrees Per_Semi Circle;
end Conversion_ To Degrees Per_ Second;

end Degrees_And_Semicircles_Per_ Second;

pragma PAGE;

—— ——package containing routines 1o conver! Seconds < ==> Minutes

package body Seconds_And Minutes is

function Conversion_To Minutes (Input : Seconds) return Minutes is
begin

return Minutes(Input) * Cf.Minutes_Per Second;
end Conversion To Minutes ;

function Conversion_To_Seconds (Input : Minutes) return Seconds is

begin

return Seconds(Input) * Cf.Seconds Per Minute;
end Conversion To_Seconds ;

end Seconds_And_ Minutes;

pragma PAGE;

-~ ——package containing routines to convert Centigrade < ==> Fahrenheil

package body Centigrade And Fahrenheit is

function Conversion_To_Fahrenheit
(Input : Centigrade) return Fahrenheit is
begin
return Fahrenheit(Input) * Cf.Degrees Fahrenheit Per Centigrade +
Cf.Centigrade To Fahrenheit Bias,
end Conversion To Fahrenheit ;

function Conversion_To_Centigrade
(Input : Fahrenheit) return Centigrade is
begin
return Centigrade(Input + Cf.Fahrenheit To Centigrade Bias) *
Cf.Degrees_Centigrade Per Fahrenﬁeit,
end Conversion_To_Centigrade;

end Centigrade And Fahrenheit;

—-— -~ package comammg roiuines 1o convert Centigrade < ==> Kelvin

package body Centigrade_And Kelvin is

Page 1205
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function Conversion_To Kelvin (Input : Centigrade) return Kelvin is

begin
return Kelvin(Input + Cf.Centigrade_To Kelvin Bias);

end Conversion_To Kelvin ;

function Conversion_To_Centigrade (Input : Kelvin) return Centigrade is

begin
return Centigrade(Input + Cf.Kelvin To Centigrade Bias);
end Conversion_To Centigrade ;

end Centigrade_And Kelvin;

pragma PAGE;

—-— —-—package coniaining routines to convert Fahrenheit < ==> Kelvin

package body Fahrenheit_And Kelvin is

function Conversion To Kelvin (Input : Fahrenheit) return Kelvin is
begin
return Kelvin(Input + Cf.Fahrenheit To Kelvin Bias) *
Cf.Degrees Kelvin_Per_ Fahrenheit ;
end Conversion_To_Kerin H

function Conversion_To Fahrenheit (Input : Kelvin) return Fahrenheit is
begin
return Fahrenheit(Input) * Cf.Degrees Fahrenheit Per Kelvin + ‘
Cf.Kelvin To_ Fahrenheit Bias;
end Conversion_To_ Fahrenheit ;

end Fahrenheit_ And_Kelvin;

pragma PAGE;

~-— == package containing routines to converi Kilograms < == > Pounds

package body Kilograms_And_Pounds is

function Conversion_To_Pounds (Input : Kilograms) return Pounds is

begin
return Pounds(Input) * Cf.Pounds_Per Kilogram;
end Conversion_To Pounds ;

function Conversion_To Kilograms (Input : Pounds) return Kilograms is

begin
return Kilograms(Input) * Cf.Kilograms_Per Pound;

end Conversion_To Kilograms ;

end Kilograms_Ar ~_Pounds;

-~ —=package containing routines to convert
-~ —=Kilograms/Meter**2 < ==> Pounds/Foor**2
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package body Kilograms Per Meter Squared And Pounds_Per Foot Squared is

function Conversion_To Pounds_Per_Foot2
(Input : Kilograms_Per Meter Squared)
return Pounds_Per Foot_Squared is
begin
return Pounds_Per Foot_ Squared(Input) *
Cf.Pounds Per Foot2 Per Kilograms_Per Meter2;
end Conversion_To Pounds Per Footf

function Conversion_To_Kilograms Per Meter2
(Input : Pounds_Per_Foot_Squared)
return Kilograms Per Heter _Squared is
begin
return Kilograms_Per Meter_ Squared(Input) *
Cf.Kilograms_Per Meter2 Per Pounds_Per_Foot2;
end Conversion_To Kilograms_Per MeterZ;

end Kilograms_Per Meter Squared_And_Pounds_Per Foot_Squared;

end Unit_Conversions;

wi
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%f' 3.3.6.5.2 EXTERNAL FORM_CONVERSION_TWOS_COMPLEMENT (PACKAGE BODY) TLCSC P852
(CATALOG #P684-0)

This generic package performs scaling operations on input values. It is able
to convert twvo’s complement engineering units to floating point representations
and to convert floating point to engineering units.

NOTE: The scaled values, while representing two’s complement values, are
themselves one’s complement values and, therefore, are always positive.

The calculations to go from a scaled integer value to an unscaled floating
point value are as follows:

unscaled output := unscaled bias +
((scaled value - scale factor - 2) *
unscaled _range / scale factor 1)

and the calculations to go from an unscaled floating point value to a scaled
integer are as follows:

scaled_output := (unscaled_value - unscaled bias) *
(scale_ factor 1 / unscaled _range)
+ scale fnctor 2

where:

scale_factor_1 := 2 ** initial engineering units bits - 1
) (represents the value range vhich may be assumed by the
scaled, integer values)

scale_factor_2 := 2 ** (initial engineering units bits - 1)
(represents the scaled bias; i.e., the amount by which
the minumum scaled, integer value is negatively offset
from 0)

unscaled _bias := [(unscaled max - unscaled_min + lsb_value)
/ 2] + unscaled min
(represents the offset from O of the median unscaled value)
unscaled_range := unscaled_max - unscaled min
(represents the value range which may be assumed by the
unscaled, floating point values)
The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.5.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R106.

3.3.6.5.2.2 LOCAL ENTITIES DESIGN

% None.
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3.3.6.5.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

The following generic parameters were previously declared when this was
specified.

Data types:

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

| Name | Type | Description |

| Defines scaled variables stored in |
| engineering units |
floating point type | Defines unscaled variables stored |
| in floating point format |

Scaled Integers

Unscaled_Floats

Data objects:

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

| Name | Type | Description I
| Bits_In_Unscaled | | Number of significant bits in the |
| Values™ | | engineering units representation |
| Initial Min | Unscaled | Minimum value vhich the unscaled |
l I I |
I I | I
I I | I

POSITIVE

Unscaled_Value Floats values may assume
Initial Max_ Unscaled_ Maximum value which the unscaled
Unscaled Value Floats values may assume

Subprograms:

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

| Name | Type | Description |

Nokn function Multiplication operator defining the operation:

Scaled Integers * Unscaled Floats => Unscaled_Floats
" function Multiplication operator defining the operation:

Unscaled_Floats * Unscaled Floats => Scaled_Integers
AL function Division operator defining the operation:

Unscaled Floats / Scaled Integers => Unscaled Floats
VAL function Division operator defining the operation:

Unscaled Floats / Unscaled Floats => Scaled_Integers
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Data objects:

3.3.6.5.2.4 LOCAL DATA

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

Page 1211
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| Name Type Value Description
One Over LSB Unscaled_ | 1/ Inverse of the value of the
Value =~ Floats LSB Value least significant bit
Scaled Bias Scaled_ 2**(§its Amount by which the median
Integers in Scaled | scaled value is negatively
Values-1) | offset from O
Unscaled Bias Unscaled_ | Initial_ Amount by vhich the median
Floats Unscaled_ unscaled value is negatively
Bias offset from O

3.3.6.5.2.5 PROCESS CONTROL

Not applicable.

3.3.6.5.2.6 PROCESSING
The following describes the processing performed by this part:

package body External Form Conversion_Twos_Complement is

-- --local variables-

One_Over LSB Value : constant Unscaled_Floats := 1.0 / LSB Value;

Scaled Bias : constant Scaled_Integers :
Unscaled _Bias : constant Unscaled Floats
1= ((Max_ Unscaled Value - Min _Unscaled Value +
LSB Value) /72) +
H1n_Unsca1ed_Va1ue,

begin
-- --make sure min < max
if Initial Min_Unscaled Value > Initial Max Unscaled_Value then
raise NUMERIC ERROR;

end if;

end External Form Conversion_Twos_Complement;

1= 2%%(Bits_in_Scaled_Values-1);
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3.3.6.5.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

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

Data types:

The following table describes the data types defined in the package

specification of the TLCSC:

Positive_

Scaled_
Integers

Valid

Floats

Unscaled_

Hax Scaled_

Value

Min Unscaled_

value ..

Max_Unscaled_

Value

| Description

scaled input

Floats; used
scaled input

Subtype of generic formal type Scaled_
Integers; used to ensure the values of the

parameters are within the

allovable range
Subtype of generic formal type Unscaled

to ensure the values of the
parameters are within the

allovable range

Data objects:

The following table describes the data objects which vere defined in the
package specification of the TLCSC:

Min

Value
Max

Value

Description

Unscaled

Unscaled_

Type Value |
Scaled_ 2%*%Bits_in
Integers | Scaled Values
-1
Unscaled_ | Initial Max_
Floats Unscaled Value -
Initial Min
Unscaled Value
Unscaled_ | Initial Value_
Floats Range 7 Max
Scaled Value
Unscaled_ | Initial Min_
Floats Unscaled Value
Unscaled Initial Max_
Floats ~ Unscaled Value

3.3.6.5.2.8 LIMITATIONS

Maximum scaled value

Range of valwues which may be
assumed by the unscaled
values

Value of the least significant
bit in the scaled values

Minimum unscaled value

Maximum unscaled value

This part raises a NUMERIC ERROR exception if Initial Min Unscaled Value is
greater than Initial Max_ Unscaled _Value.
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3.3.6.5.2.9 LLCSC DESIGN

None.

3.3.6.5.2.10 UNIT DESIGN
3.3.6.5.2.10.1 SCALE (FUNCTION BODY) UNIT DESIGN (CATALOG #P685-0)

This function accepts a floating point value and performs a scaling operation
on it to convert it to engineering units representation.

NOTE: The scaled values, while representing two’s complement values, are
themselves one’s complement values and, therefore, are always positive.

The calculations to go from an unscaled floating point value to a scaled
integer are as follows:

scaled output := (unscaled value - unscaled bias) *
(scale_ factor 1 / unscaled _range) + scale_factor_2

vhere:

scale factor_1 := 2 ** jinitial engineering units bits - 1
(represents the value range which may be assumed by the
scaled, integer values)

iji scale_factor_2 := 2 ** (initial_ engineering units bits - 1)
(represents the scaled bias; i.e., the amount by which
the minumum scaled, integer value is negatively offset
from 0)
unscaled bias := initial bias
(represents the amount by which the minimum unscaled,
floating point value is negatively offset from 0)
unscaled_range := initial_range
(represents the value range which may be assumed by the
unscaled, floating point values; i.e., equals the
maximum unscaled value - minumum unscaled value)
3.3.6.5.2.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R106.

3.3.6.5.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.5.2.10.1.3 INPUT/OUTPUT

&5)3 FORMAL PARAMETERS:
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The following table describes this part’s formal parameters:

| Name | Type | Mode | Description |
| Unscaled_ | Valid_ | In | Floating point value which is to be |
| Value | Unscaled_ | | scaled so it may be represented in an |
| | Floats | | integer format |

3.3.6.5.2.10.1.4 LOCAL DATA

None.

3.3.6.5.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.5.2.10.1.6 PROCESSING
The following describes the processing performed by this part:

function Scale (Unscaled Value : Valid_Unscaled Floats)
return Positive_Scaled_Integers Is

Ansver : Scaled_Integers;
begin
Ansver := (Unscaled Value - Unscaled Bias) * One_Over LSB Value +
Scaled Bias;

return Ansver;

end Scale;

3.3.6.5.2.10.1.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsevhere 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 formal subroutines to the External Form -
Conversion_Twos_Complement package:
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| Name | Type | Description |

| " | function | Multiplication operator defining the operation: |
| | | Unscaled Floats * Unscaled Floats => Scaled_Integers |

Data types:

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

————————— o —— ——— —— -_— - - — - - - - - - —

| Name | Range | Description |
Positive_ 0.. Subtype of generic formal type Scaled_
Scaled Max_Scaled_ Integers; used to ensure the values of the
Integers Value scaled input parameters are within the
allovable range
Valid_ Min Unscaled_ Subtype of generic formal type Unscaled
Unscaled_ | Value .. Floats; used to ensure the values of the
Floats Max_Unscaled_ scaled input parameters are within the
Value allovable range

Data objects:

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

| Name | Type | Value | Description
One Over LSB_ Unscaled_ | 1/ Inverse of the value of the
Value Floats LSB Value least significant bit
Scaled Bias Scaled_ 2%%(Bits_ Amount by which the median
Integers in Scaled | scaled value is negatively
Values-1) offset from 0
Unscaled Bias Unscaled_ | Initial_ Amount by which the median
Floats Unscaled unscaled value negatively
| Bias offset from 0

3.3.6.5.2.10.1.8 LIMITATIONS

None.

3.3.6.5.2.10.2 UNSCALE UNIT DESIGN (CATALOG #P686-0)

This function accepts a value in engineering units representation and perform
an unscaling operation on it to convert it to a floating point representation.
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NOTE: The scaled values, while representing two’s complement values, are ‘ﬁ
themselves one’s complement values and, therefore, are always positive.

The calculations to go from a scaled integer value to an unscaled floating
point value are as follows:

unscaled output := unscaled bias +
((scaled value - scale_factor_2) *
unscaled_range /
scale_factor_1)

vhere:
scale_factor_1 := 2 ** initial engineering units bits - 1
(represents the value range vhich may be assumed by the
scaled, integer values)
scale_factor_2 := 2 ** (initial_engineering units bits - 1)
(represents the scaled bias; i.e., the amount by which

the minumum scaled, integer value is negatively offset
from 0)

unscaled_bias := initial bias
(represents the amount by whiczh the minimum unscaled,
floating point value is negatively offset from 0)

unscaled_range := initial range ' ‘
(represents the value range vhich may be assumed by the e
unscaled, floating point values; i.e., equals the
maximum unscaled value - minumum unscaled value)

3.3.6.5.2.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R106.

3,3.6.5.2.10.2.2 LOCAL ENTITIES DESIGN

Subprograms:

This package body contains code which is executed when the part is elaborated.
This code checks to ensure that Initial Min Unscaled Value > Initial Max -
Unscaled Value. If it is not, a NUMERIC_ERROR exception is raised.
3.3.6.5.2.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The fcllowing table describes this part’s formal parameters:
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| Name | Type | Mode | Description |
| Scaled_ | Scaled_ | In | Integer scaled value for which an unscaled, |
| Value | Integers | | floating point representation is desired |
3.3.6.5.2.10.2.4 LOCAL DATA

Data objects:

The following tables describes the objects maintained by this part:

| Name | Type | Description |

3.3.6.5.2.10.2.5 FROCESS CONTROL

Not applicable.

3.3.6.5.2.10.2.6 PROCESSING
The following describes the processing performed by this part:

function Unscale (Scaled Value : Positive_Scaled_Intégers)
return Valid Unscaled Floats is

Ansver : Unscaled_Floats;
begin

Ansver := Unscaled Bias + ' caled Value - Scaled Bias) * LSB Value;
return Ansver;

end Unscale;

3.3.6.5.2.10.2.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The followving tables describe the elements used by this part but defined
elsevhere 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 formal subroutines to the External Form -

Conversion_Twos_Complement package:
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Description

I Mgt

Data types:

| function

| Multiplication operator defining the operation:

| Scaled_Integers * Unscaled_Floats => Unscaled Floats |

The following table summarizes the types required by this part and defined in
the package specification of the External Form Conversion_Twos_Complement

package:
| Name | Range | Description |
Positive_ 0.. Subtype of generic formal type Scaled_
Scaled _ Max_Scaled_ Integers; used to ensure the values of the
Integers Value scaled input parameters are within the
allowvable range
Valid_ Min Unscaled_ Subtype of generic formal type Unscaled
Unscaled_ value .. Floats; used to ensure the values of the
Floats Max_Unscaled_ scaled input parameters are within the
Value allovable range

Data objects:

The following table summarizes the objects required by this part and defined in
the package body of the External Form Conversion Twos_Complement package:

| LSB Value

Scaled Bias

Unscaled Bias

3.3.6.5.2.10.2.8 LIMITATIONS

None.

Unscaled_
Floats

Scaled
Integers

Unscaled
Floats

Value

Description |

2%*(Bits_
in Scaled_
Values-1)

Initial_
Unscaled_
Bias

Value of the least significant
bit

Amount by which the median
scaled value is negatively
offset from 0

Amount by which the median
unscaled value negatively
offset from O
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5x7 package body External_Form_Conversion_Twos_Complement is

One_Over_Lsb_Value : constant Unscaled Floats := 1.0 / Lsb_Value;
Scaled_Bias : constant Scaled Integers := 2**(Bits_In_ Scaled Values-1);
Unscaled _Bias : constant Unscaled Floats
t= ((Max_ Unscaled Value - Min_Unscaled Value +
Lsb _Value) / “2) +
Min_Unscaled_Value;
pragma PAGE;
function Scale (Unscaled Value : Valid_Unscaled Floats)
return Positive Scaled Integers s
Ansver : Scaled Integers;
begin
Ansver := (Unscaled_Value - Unscaled Bias) * One _Over_Lsb_Value +
Scaled Bias,
return Ansver;

end Scale;

pragma PAGE;
function Unscale (Scaled Value : Positive Scaled Integers)
return Valid Unscaled Floats is
Ansver : Unscaled Floats;
begin

Ansver := Unscaled_Bias + (Scaled_Value - Scaled Bias) * Lsb_Value;
return Answver;

end Unscale;

pragma PAGE;
begin

—— ——make sure min < max
if Initial Min_Unscaled Value > Initial Max_Unscaled Value then
raise NUMERIC ERROR,
end if;

end External Form Conversion_Twos_Complement;
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3.3.6.6 SIGNAL PROCESSING (BODY) TLCSC P686 (BODY) (CATALOG #P81-0)

This package provides signal processing parts. Each part is designed as an Ada
generic package, where the generic parameters will specify the data types of
the input and output signals and the values for coefficients used in performing
the signal processing functions.

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

The following diagram summarizes the allocation of CAMP requirements to this
part’s LLCSC’s.

| Name | Type | Req. Allocation |

e e e = = = ————————— i ———— - —— —

Limiter (Upper & Lower Bounds)| generic package | R108

Limiter (Upper Bound) generic package | RO37
Limiter (Lower Bound) generic package | RO38
Absolute limiter generic package | R160
Absolute limiter with flag generic package | R202
General First Order Filter generic package | R109
Tustin Lag Filter generic package | R162
Tustin Lead-Lag Filter generic package | R161

Second Order (Notch) Filter generic package | R110, R111
Tustin Integrator with Limit generic package | R203

Tustin Integrator with generic package N/A
Asymmetric Limit

3.3.6.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.3 INPUT/OUTPUT

None.
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3.3.6.6.4 LOCAL DATA

None.

3.3.6.6.5 PROCESS CONTROL

Not applicable.

3.3.6.6.6 PROCESSING

The following describes the processing performed by this part:

package body Signal Processing is

package
package
package
package
package
package
package
package
package
package
package
begin
null;

exception

body Upper_Lower Limiter is separate;

body Upper_Limiter is separate;

body Lower Limiter is separate;

body Absolute Limiter is separate;

body Absolute Limiter With_Flag is separate;
body General First Order Filter is separate;
body Tustin_Lead _Lag Filter is separate;

body Tustin_Lag Filter is separate;

body Second Order Filter is separate;

body Tustin Integrator With Limit is separate;

body Tustin_Integrator With Asymmetric_Limit is separate;

vhen others => raise;

end Signal Processing;

3.3.6.6.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.6.8 LIMITATIONS

None.

3.3.6.6.9 LLCSC DESIGN

3.3.6.6.9.1 UPPER_LOWER LIMITER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P82-0)
This package exports operations to perform a limiter function on an input
signal (with both upper and lower bounds) and to update the values of the
bounds. The package initializes the limits as part of the elaboration of the
instantiation.

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

R108

3.3.6.6.9.1.2 LOCAL ENTITIES DESIGN

Subprograms:

This package contains a sequence of statements at the end of the package body
vhich are executed when this part is elaborated. The code initializes the
upper and lower bounds by calling the Update Limits procedure from this
package. Update Limits raises the Limit_Exception if the upper bound is less
than or equal to the lower bound.

3.3.6.6.9.1.3 INPUT/OUTPUT

None.

3.3.6.6.9.1.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
| Upper_Limit | Signal Type | Current value of upper limit |
| | to limiter. |
| Lower Limit ! Signal Type | Current value of lower limit |
| ’ | to limiter. |
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3.3.6.6.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.1.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL PROCESSING)
package body UPPER_LOVER_LIMITER is

—— e e e

-- -- Local Data Objects-

Upper_Limit,
Lower Limit : Signal Type;

--begin processing for package body

begin

Update Limits (New_Upper Limit => Initial Upper Limit,
Nev_Lover Limit => Initial Lower Limit);

end Upper_Lower Limiter;

3.3.6.6.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.1.8 LIMITATIONS

| Name | When/Why Raised |

| Limit_Exception | This exception is raised if the value of the |
| | Upper_Limit <= Lower Limit |

————————————————————————————————————————————————————————————— “'»'.»——-————

3.3.6.6.9.1.9 LLCSC DESIGN

None.

- -
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3.3.6.6.9.1.10 UNIT DESIGN

3.3.6.6.9.1.10.1 UPDATE_LIMITS (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the values of the bounds vhich were initialized at the
elaboration of the instantiation. It will raise an exception if the new lower
limit is greater than the new upper limit.

3.3.6.6.9.1.10.1.1 REQUIREMENTS ALLOCATION
R108

3.3.6.6.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.1.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|
| | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| New Upper_ Limit | Signal Type | New value for upper limit to |
| | | limiter. |
| New_Lower_ Limit | Signal Type | New value for lower limit to |
| | |  limiter. |
Global parameters:

| Name | Type | Description |

Signal Type | Current value of upper limit |
|  to limiter. |
| Current value of lower limit |
| I

to limiter.

Signal Type
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3.3.6.6.9.1.10.1.4 LOCAL DATA

None.

3.3.6.6.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.1.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Update Limits (New_Upper Limit : in Signal Type;
Nev_Lower Limit : in Signal Type) is
begin
if New_Upper Limit > New_Lower_Limit then
Upper_Limit := New Upper_ Limit;
Lover_ Limit := New Lower Limit;
else
raise Limit_Exception;
end if;

end Update_Limits;

3.3.6.6.9.1.10.1.7 UTILIZATION 7F OTHER ELEMENTS

None.

3.3.6.6.9.1.10.1.8 LIMITATIONS

| Name | When/Why Raised

| Limit_Exception | This exception is raised if the value of the
| | New _Upper Limit <= New_Lower_Limit

3.3.6.6.9.1.10.2 LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the limit operation on the input signal.

3.3.6.6.9.1.10.2.1 REQUIREMENTS ALLOCATION

R108

Page 1226
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3.3.6.6.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.1.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

Page 1227

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

| Name | Type | Description
| Signal_Type | generic float | Defines data type for incoming]|
| , | | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| Signal | Signal Type | Input value of signal to be |
I | limited. |

Global parameters:

| Name | Type | Description

| Current value of upper limit |
| to limiter. |
| Current value of lower limit |
| to limiter. |

Signal Type

| |
| Lower Limit | Signal_Type
l |

3.3.6.6.9.1.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description
| Limited Signal | Signal Type | Value of signal after limit |
| | | is applied. |
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3.3.6.6.9.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.1.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Limit (Signal : Signal Type) return Signal Type is
Limited Signal: Signal Type;
begin
if Signal > Upper Limit then
Limited Signal := Upper Limit;
elsif Signal < Lower_ Limit then
Limited Signal := Lower Limit;
else
Limited Signal := Signal;
end if;
return Limited Signal;

end LIMIT;

3.3.6.6.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.1.10.2.8 LIMITATIONS

None.

3.3.6.6.9.2 UPPER_LIMITER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P83-0)

This package exports operations to perform a limiter function on an input
signal (with upper bounds) and to update the value of the bounds. The package
initializes the limits as part of the elaboration of the instantiation.

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

3.3.6.6.9.2.1 REQUIREMENTS ALLOCATION

R0O37
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3.3.6.6.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

Page 1229

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

| Name | Type ! Description

| Signal_Type | generic float | Defines data type for incoming|

| signals to limiter.

| Name | Type | Deseription
| Initial Upper_ | Signal Type | Initial value of upper limit |
| Limit [ | sigrals to limiter. |

3.3.6.6.9.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description
| Signal _Type | Current value of upper limit
| | to limiter. Initialized
|

| to Initial Upper Limit.

- o o — -

3.3.6.6.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.2.6 PROCESSING
The following describes the processing performed by this part:

separate (Signal Processing)
package body Upper Limiter is
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Upper_Limit: Signal Type := Initial Upper Limit;

end Upper Limiter;

3.3.6.6.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.2.8 LIMITATICNS

None.

3.3.6.6.9.2.9 LLCSC DESIGN

None.
3.3.6.6.9.2.10 UNIT DESIGN
3.3.6.6.9.2.10.1 UPDATE_LIMIT (SUBPROGRAM BODY) UNIT DESIGN ‘%

This subprogram updates the values of the bounds which vere initialized at the
elaboration of the instantiation. ;
3.3.6.6.9.2.10.1.1 REQUIREMENTS ALLOCATION

RO37

3.3.6.6.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.2.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Signal Type | generic float | Defines data type for incoming|
| | | signals to limiter. | 83
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" FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| New_Upper Limit | Signal Type | New value for upper limit to |
I I | limiter. |

| Name | Type | Description |

| Upper Limit | Signal_Type | Current value of upper limit |
| | |  to limiter. |

3.3.6.6.9.2.10.1.4 LOCAL DATA

None.

3.3.6.6.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.2.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure Update Limit (New_Upper Limit : in Signal Type) is
begin

llpper_Limit := New_Upper Limit;

end Update_Limit;

3.3.6.6.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.2.10.1.8 LIMITATIONS

None.
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3.3.6.6.9.2.10.2 LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the limit operation on the input signal.

3.3.6.6.9.2.10.2.1 REQUIREMENTS ALLOCATION

RO37

3.3.6.6.9.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.2.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming|
| | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| Signal | Signal Type | Input value of signal to be |
| | limited. I

| Name | Type | Description |

| Upper Limit | Signal Type | Current value of upper limit
| | to limiter. |

3.3.6.6.9.2.10.2.4 LOCAL DATA

Data objects:

¢
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The following data objects are maintained by this part:

| Name | Type | Description |

| Limited Signal | Signal Type | Value of signal after limit |
I | | is applied. |

3.3.6.6.9.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.2.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Limit (Signal : Signal Type) return Signal Type is
Limited_Signal: Signal Type;
begin
if Signal > Upper Limit then
Limited Signal := Upper_ Limit;
else
Limited_Signal := Signal;
end if;
return Limited Signal;

end LIMIT;

3.3.6.6.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.2.10.2.8 LIMITATIONS

None.

3.3.6.6.9.3 LOWER_LIMITER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P84-0)
This package exports operations to perform a limiter function on an input
signal (vith lower bound) and to update the value of the bound. The package
initializes the limits as part of the elaboration of the instantiation.

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

@ Design Document.
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3.3.6.6.9.3.1 REQUIREMENTS ALLOCATION
RO38

3.3.6.6.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

Page 1234

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

| Name | Type | Description |

-— e e - - - —— -———

| Signal Type | generic float | Defines data type for incoming|
| | | signals to limiter. |

Data objects:

| Name | Type | Description |
| Initial Lover_ | Signal Type | Initial value of lower limit |
| Limit | | signals to limiter. |

3.3.6.6.9.3.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
| Lower Limit | Signal Type | Current value of lower limit |
| | | to limiter. Initialized |
| | |  to Initial Lower Limit. |

3.3.6.6.9.3.5 PROCESS CONTROL

Not applicable.
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3.3.6.6.9.3.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL_ PROCESSING)
package body LOWER LIMITER is

Lover_ Limit : Signal Type := Initial Lower Limit;

end Lover_ Limiter;

3.3.6.6.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.3.8 LIMITATIONS

None.

3.3.6.6.9.3.9 LLCSC DESIGN

None.

3.3.6.6.9.3.10 UNIT DESIGN
3.3.6.6.9.3.10.1 UPDATE_LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the value of the bound which was initialized at the
elaboration of the instantiation.

3.3.6.6.9.3.10.1.1 REQUIREMENTS ALLOCATION
RO38

3.3.6.6.9.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.3.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

Page 1235
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The following table summarizes the generic formal types required by this part: Q
| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming|
| | signals to limiter. |
FORMAL PARAMETERS:
The following table summarizes the formal parameters to this part:
| Name | Type | Description |
| New_Lower Limit | Signal Type | New value for lower limit to |
| | | limitey. |
Global parameters:
| Name | Type | Description |
| Lower Limit | Signal_ Type | Current value of lower limit |
| | | to limiter. | e

3.3.6.6.9.3.10.1.4 LOCAL DATA

None.

3.3.6.6.9.3.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.3.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Update Limit (New_Lower Limit : in Signal Type) is
begin
Lower_Limit := New_Lower_ Limit;
end Update Limit;
3.3.6.6.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.6.9.3.10.1.8 LIMITATIONS

None.

3.3.6.6.9.3.10.2 LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the limit operation on the input signal.

3.3.6.6.9.3.10.2.1 REQUIREMENTS ALLOCATION

RO37

3.3.6.6.9.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.3.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming]|
| | | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| Signal | signal_Type | Input value of signal to be |
| | |  limited. [

——— ——————— T ———— = ——— s T —— —— — ———— - —— - -

| Name | Type | Description |
| Lower Limit | Signal Type | Current value of lower limit |
I I | to limiter. |
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3.3.6.6.9.3.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |

| Limited Signal | Signal Type | Value of signal after limit |
| | | is applied. |

3.3.6.6.9.3.10.2.5 PROCESS CONTROL

Not applicable.

’

3.3.6.6.9.3.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Limit (Signal : Signal Type) return Signal Type is
Limited_Signal: Signal Type;
begin
if Signal < Lower Limit then
Limited_Signal := Lower Limit;
else
Limited Signal := Signal;
end if;

return Limited Signal;

end LIMIT;

3.3.6.6.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.3.10.2.8 LIMITATIONS

None.

3.3.6.6.9.4 ABSOLUTE_LIMITER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P85-0)

This package exports operations to perform a limiter function on an input
signal (with absolute bounds) and to update the value of the bounds. The
package initializes the limits as part of the elaboration of the instantiation.

¢2<

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

3.3.6.6.9.4.1 REQUIREMENTS ALLOCATION

R160

3.3.6.6.9.4.2 LOCAL ENTITIES DESIGN

| Name | Type | Description |

| Signal_Sign | Function | Instantiation of Sign function|
| | | from General Purpose Math. |

3.3.6.6.9.4.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming]
| I | signals to limiter. |

| Name | Type | Description |
| Initial Absolute| Signal_Type | Initial value of absolute |
| Limit | | limit of signals to limiter. |

3.3.6.6.9.4.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:
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3.3.6.6.9.4.5 PROCESS CONTROL by

Not applicable.

3.3.6.6.9.4.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL_ PROCESSING)
package body Absolute Limiter is

-- --Local Data Object-

Absolute Limit: Signal Type := abs (Initial Absolute Limit);

end Absolute Limiter;

3.3.6.6.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.4.8 LIMITATIONS e

None.

3.3.6.6.9.4.9 LLCSC DESIGN

None.

3.3.6.6.9.4.10 UNIT DESIGN
3.3.6.6.9.4.10.1 UPDATE_LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the value of the absolute bound which was initialized
at the elaboration of the instantiation.

3.3.6.6.9.4.10.1.1 REQUIREMENTS ‘LLOCATION

R160

3.3.6.6.9.4.10.1.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.6.9.4.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|
| | | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description
| New_Absolute_ | Signal Type | New value for absolute limit |
| Limit | | to limiter. |

| Name | Type | Source | Description

I
| Absolute Limit | Signal Type|Package | Current value of absolute |
| | | Body | 1limit to limiter. |

3.3.6.6.9.4.10.1.4 LOCAL DATA

None.

3.3.6.6.9.4.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.4.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure Update Limit (New_Absolute Limit : in Signal Type) is
begin

Absolute Limit := abs (New_Absolute Limit);

end Update Limit;
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3.3.6.6.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.4.10.1.8 LIMITATIONS

None.

3.3.6.6.9.4.10.2 LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the limit operation on the input signal.

3.3.6.6.9.4.10.2.1 REQUIREMENTS ALLOCATION
R160

3.3.6.6.9.4.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.4.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|
| | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| Signal | Signal Type | Inpgt value of signal to be |
| | | limited. |

Global parameters:
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| Name | Type | Source | Description |
| Absolute_limit | Signal Type|Package | Current value of absolute |
| | | Body | limit to limiter. |

3.3.6.6.9.4.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |

| Limited_Signal | Signal Type | Value of signal after limit |
| | | is applied.

3.3.6.6.9.4.10.2.5 PROCESS CONTROL

Not applicable.

c;%‘ 3.3.6.6.9.4.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Limit (Signal : Signal Type) return Signal Type is
Limited_Signal: Signal Type;
begin
if abs (Signal) > Absolute Limit then
if Signal > 0.0 then
Limited Signal := Absolute Limit;
else
Limited_Signal := - Absolute_Limit;
end if;
else
Limited_Signal := Signal;
end if;

b

return Limited Signal;
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end LIMIT;

3.3.6.6.9.4.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.4.10.2.8 LIMITATIONS

None.

3.3.6.6.9.5 ABSOLUTE_LIMITER WITH_FLAG (PACKAGE BODY) PACKAGE DESIGN (CATALOG
#P86-0)

This package exports operations to perform a limiter function on an input
signal (with absolute bounds) and to update the value of the bounds. The limit
operation will set a flag to represent the relation- ship of the signal to the
limit: Within Limit, At _Positive Limit, At_Negative Limit. The package
initializes the limits as part of the elaboration of the instantiation.

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

3.3.6.6.9.5.1 REQUIREMENTS ALLOCATION

R202

3.3.6.6.9.5.2 LOCAL ENTITIES DESIGN

| Name | Type | Description |
| Signal_Sign | Function | Instantiation of Sign function|
| | | from General Purpose Math. |
3.3.6.6.9.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:
Data types:

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

| Signal Type | generic float | Defines data type for incoming|
| signals to limiter. |
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Data objects:

| Name | Type | Description |
| Initial_Absolute| Signal Type | Initial value of absolute

| Limit | | limit of signals to limiter. |
3.3.6.6.9.5.4 LOCAL DATA

Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |

| | | Current value of absolute |
| | | limit to limiter. |
| Limit_Relation | Limit_Relations | Represents relationship of |
| | | most recent signal to limit. |
| | | Initialized to Within Limit.|

3.3.6.6.9.5.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.5.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL PROCESSING)
package body Absolute_ Limiter With Flag is

Absolute_Limit: Signal Type := abs (Initial Absolute_Limit);

Limit_Relation: Limit_Relations := Within Limit;
end Absolute_Limiter with_Flag;

3.3.6.6.9.5.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.6.9.5.8 LIMITATIONS ¥,

None.

3.3.6.6.9.5.9 LLCSC DESIGN

None.

3.3.6.6.9.5.10 UNIT DESIGN
3.3.6.6.9.5.10.1 UPDATE_LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the value of the absolute bound which was initialized
at the elaboration of the instantiation.

3.3.6.6.9.5.10.1.1 REQUIREMENTS ALLOCATION
R202

3.3.6.6.9.5.10.1.2 LOCAL ENTITIES DESIGN

None. o

3.3.6.6.9.5.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

Name | Type | Description |

I
| Signal_Type | generic float | Defines data type for incoming|
| | | signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| New Absolute_ | Signal Type | New value for absolute limit |
| Limit I | to limiter. |

Global parameters: @5
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| Name | Type | Source | Description

| Absolute Limit | Signal Type|Package | Current value of absolute |
| | | Body | limit to limiter.
3.3.6.6.9.5.10.1.4 LOCAL DATA

None.

3.3.6.6.9.5.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.5.10.1.6 PROCESSING
The foll- '‘ng describes the processing performed by this part:

procedure Update _Limit (New_Absolute_Limit : in Signal Type) is
begin

Absolute Limit := abs (New_Absolute_Limit);

end Update_Limit;

3.3.6.6.9.5.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.5.10.1.8 LIMITATIONS

None.

3.2.6.6.9.5.10.2 LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the limit operation on the input signal.

3.3.6.6.9.5.10.2.1 REQUIREMENTS ALLOCATION

R160

3.3.6.6.9.5.10.2.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.6.9.5.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming|
| signals to limiter. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| Signal | Signal Type | Input value of signal to be |
| | | limited. |

| Name | Type | Source | Description |
| Absolute limit| Signal Type| Package| Current value of absolute |
| | | Body | 1limit to limiter. |

3.3.6.6.9.5.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
| Limited Signal | Signal Type | Value of signal after limit |
| | | is applied. |

3.3.6.6.9.5.10.2.5 PROCESS CONTROL

Not applicable.
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® 3.3.6.6.9.5.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Limit (Signal : Signal Type) return Signal Type is
Limited_Signal: Signal Type;
begin
if abs (Signal) >= Absolute Limit then
if Signal >= 0.0 then

Limited_Signal := Absolute Limit;
Limit_Relation := At _PositIve Limit;

else

Limited_Signal := - Absolute Limit;
Limit_Relation := At_Negative Limit;

end if;
else

Limited_Signal := Signal;
Cﬁf . Limit Relation := Within_ Limit;

end if;
return Limited Signal;
end LIMIT;

3.3.6.6.9.5.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.5.10.2.8 LIMITATIONS

None.

3.3.6.6.9.5.10.3 LIMIT_FLAG_SETTING (SUBPROGRAM BODY) UNIT DESIGN

This subprogram returns the current setting of the limit relation flag.

3.3.6.6.9.5.10.3.1 REQUIREMENTS ALLOCATION

R202
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3.3.6.6.9.5.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.5.10.3.3 INPUT/OUTPUT

None.

3.3.6.6.9.5.10.3.4 LOCAL DATA

None.

3.3.6.6.9.5.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.5.10.3.6 PROCESSING
The following describes the processing performed by this part:

function Limit_Flag Setting return Limit Relations is
begin

return Limit_Relation;

end Limit Flag Setting;

3.3.6.6.9.5.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.5.10.3.8 LIMITATIONS

None.

Page 1250

3.3.6.6.9.6 GENERAL FIRST ORDER FILTER (PACKAGE BODY) PACKAGE DESIGN (CATALOG

#P87-0)

This package exports operations to perform a first order filter operation on an

input signal. The package also allows updating of the filter coefficients.
The package initializes the coefficients and initial filter state as part of

the elaboration of the instantiation.

Tre form of the filter operations is as follows:

X = (¢l * Input_Signal) + (c2 * Prev_Input) +
(c3 * Prev_Output)
Prev_Input := Input_Signal;

&3

Prev_Output :



¢
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De

sign Document.

N
é&? The decomposition for this part is the same as that shown in the Top-Level

3.3.6.6.9.6.1 REQUIREMENTS ALLOCATION

R109

3.3.6.6.9.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.6.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Da

Th

Da

Th
pa

ta types:

e foliowing table

summarizes the generic formal types required by this part:

Name |

Type

| Description |

Signal_Type |
I
Coefficient_Type!

|

generic float

generic float

| Defines data type for incoming|
| signals to filter.

| Defines data type for defining|
| filter coefficients. |

Su

Th
pa

ta objects:

e following table summarizes the generic formzi objects required by this

rt:

Name | Type | Description |

Initial Previous| Signal Type Initial value of previous

Input_Signal input signal.

Initial Coefficient_Type| Initial value of first filter
Coefficient_1 Coefficient.

Initial Coefficient_Type| Initial value of second filter
Coefficient 2 Coefficient.

Initial Coefficient_Type| Initial value of third filter
Coefficient 3 Coefficient.

bprograms:

e following table
rt:

summarizes the generic formal subprograms required by this

Page 1251
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| Name | Type | Description |
| Signal _Type * Coefficient Type|
| return Signal Type

| Signal _Type / Coefficient_Type|
|  return Signal Type |

3.3.6.6.9.6.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description
Previous_Input_ | Signal Type Value of signal input to
Signal filter on previous pass.
Previous Output_| Signal Type Value of output signal from
Signal previous pass.
Coefficient_1 Coefficient_Type| Value of first coefficient
Coefficient_2 Coefficient_Type| Value of second coefficient
Coefficient_3 Coefficient _Type| Value of third coefficient

3.3.6.6.9.6.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.6.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL_PROCESSING)
package body General First Order_ Filter is

-~ —- Local Data Object-

Coefficient 1 : Coefficient Type := Initial Coefficient_ 1;
Coefficient_2 : Coefficient_Type := Initial Coefficient_ 2;
Coefficient 3 : Coefficient Type := Initial Coefficient 3;

Previous_Input_Signal: Signal Type := Initial Previous_Input_Signal;
Previous_Output_Signal: Signal Type :=

( Previous_Input Signal * (Coefficient_1 + Coefficient_2) ) /

( 1.0 - Coefficient_3);

end General First Order Filter;
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3.3.6.6.9.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.6.8 LIMITATIONS

None.

3.3.6.6.9.6.9 LLCSC DESIGN

None.

3.3.6.6.9.6.10 UNIT DESIGN
3.3.6.6.9.6.10.1 UPDATE_COEFFICIENTS (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the values of the coefficients which were initialized
at the elaboration of the instantiation.

3.3.6.6.9.6.10.1.1 REQUIREMENTS ALLOCATION

R109

3.3.6.6.9.6.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.6.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |
| Coefficient_Type| generic float | Defines data type for incoming]|
| | | coefficients.

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:
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| Name | Type | Description |
| New_Coefficient_1 | Coefficient_ | New value for first coefficient |
| New Coefficient 2 | Type | New value for second coefficient|
| Nev_Coefficient 3 | " | Nev value for third coefficient |

Global parameters:

The following parameters used by this procedure are stored in the package body.

| Name | Type | Description |
| Coefficient_1 | Coefficient_Type| Current value of first coefficient |
| Coefficient”2 | Coefficient_Type| Current value of secont coefficient|
| Coefficient 3 | Coefficient Type| Current value of third coefficient |

3.3.6.6.9.6.10.1.4 LOCAL DATA

None.

3.3.6.6.9.6.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.6.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure UPDATE_COEFFICIENTS (NEW_COEFFICIENT 1 : in COEFFICIENT TYPE;
NEV_COEFFICIENT 2 : in COEFFICIENT TYPE;
NEV_COEFFICIENT_S : in COEFFICIENT_TYPE) is
begin
Coefficient 1 := New Coefficient_l;
Coefficient 2 := Nev Coefficient 2;
Coefficient 3 i= New Coefficient 3,

end Update Coefficients;

3.3.6.6.9.6.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.6.10.1.8 LIMITATIONS

None.
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3.3.6.6.9.6.10.2 FILTER (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the filter operation on the input signal.
for this filter is as follows:

X t= (el * Input_Signal) + (¢2 * Prev_Input) +
(c3 * Prev_Output)
Prev_Input := Input_Signal;
Prev_Output := X;
3.3.6.6.9.6.10.2.1 REQUIREMENTS ALLOCATION

R109

3.3.6.6.9.6.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.6.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

The form

Page 1255

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

| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming]|
| | signals. |
| Coefficient Type| generic float | Defines data type for incoming]|
| | | coefficients. |
Subprograms:

| Name [ Type | Description |

| | Function | Signal Type * Coefficient_TypeI

| | | return Signal Type

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:
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Global parameters:

Previous_Input_
Signal™
Previous Output
_Signal
Coefficient 1
Coefficient 2

Signal Type
Signal Type

Coefficient_Type
Coefficient Type

Value of input signal to previous

pass.

Value of output signal from

previous pass.
Current value of
Current value of
Current value of

first coefficient

secont coefficient

third coefficient

Coefficient 3 Coefficient Type

3.3.6.6.9.6.10.2.4 LOCAL DATA

None.

1.3.6.6.9.6.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.6.10.2.6 PROCESSING
The following describes the processing performed by this part:
function FILTER (SIGNAL : SIGNAL TYPE) return SIGNAL TYPE is
Output_Signal : Signal Type;
begzin
Output_Signal := ( Signal * Coefficient 1) +
( Previous_Input_Signal * Coefficient_2) +
( Previous Output _Signal * Coefficient _3);

Previous_Input_Signal := Signal;
Previous Output _Signal := Output_Signal;

return Output_Signal;

end Filter;

3.3.6.6.9.6.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.6.10.2.8 LIMITATIONS

None.
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o 3.3.6.6.9.6.10.3 REINITIALIZE (SUBPROGRAM BODY) UNIT DESIGN
This subprogram reinitializes the state of the filter by setting

Previous_Input_Signal Signal;

Previous_Output_Signal := ( Previous_Input_Signal *
(Coefficient 1 + Coefficient_2) ) /
( 1.0 - Coefficient_3);

3.3.6.6.9.6.10.3.1 REQUIREMENTS ALLOCATION
R109

3.3.6.6.9.6.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.6.10.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming]|
| I | reinitialization signal. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

e e e e . S e o e B B B P = S —— A — —— — ——— —— —

| Signal | Signal Type | Value used for reinitializing |
| | | filter state |

Global parameters:

The following parameters used by this procedure are stored in the package body.

| Previous_Input Value | Signal Type | Current value of previous input |
Q&R | Previous Output Value | Signal Type | Current value of previous output]
L.
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3.3.6.6.9.6.10.3.4 LOCAL DATA

None.

3.3.6.6.9.6.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.6.10.3.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Signal : in Signal Type) is
begin
Previous_Input_Signal := Signal;
Previous Output Signal :=
“( Previous_Input_Signal * (Coefficient_1 + Coefficient_2) ) /

( 1.0 - Coefficient_3);
end Reinitialize;

3.3.6.6.9.6.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.6.10.3.8 LIMITATIONS

None.

3.3.6.6.9.7 TUSTIN_LAG_FILTER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P88-0)

This package exports operations to perform a Tustin Lag filter operation on an
input signal. The package also allows updating of the filter coefficients.
The package initializes the coefficients and initial filter state as part of
the elaboration of the instantiation.

The form of the filter operations is as follows:

X := (cl * (Input_Signal + Prev_Input) +
(c2 * Prev_Output)

Prev_Input := Input_Signal;

Prev_Output := X;

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

e

Ry
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3.3.6.6.9.7.1 REQUIREMENTS ALLOCATION

R162

3.3.6.6.9.7.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.7.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

generic float

| Defines data type for incoming]|
| signals to filter.

| Defines data type for defining]|
| filter coefficients. |

generic float

I
| Coefficient_Type
|

Data objects:

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

| Name | Type | Description |

| Initial Previous| Signal_Type | Initial value of previous
| Input_Signal input signal.

I

| |

| Inftial | Coefficient Type| Initial value of first filter |
| Coefficient 1 | - | Coefficient. |
| Initial | Coefficient_Type| Initial value of second filter|
|  Coefficient_2 | | Coefficient. |

Subprograms:

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

| " | Function | Signal Type * Coefficient Type|
| | | return Signal Type |
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3.3.6.6.9.7.4 LOCAL DATA fSR
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
Previous_Input_ | Signal Type Value of signal input to
Signal filter on previous pass.
Previous Output | Signal Type Value of output signal from
Signal previous pass. Initialized
as per SRS 3.4.5.7.10.2
Coefficient_1 Coefficient Type| Value of first coefficient
Coefficient 2 Coefficient_Type| Value of second coefficient

3.3.6.6.9.7.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.7.6 PROCESSING
The folloving describes the processing performed by this part:

separate (SIGNAL_PROCESSING) ' ﬁ
package body Tustin_Lag_Filter is :

Coefficient_1 : Coefficient_Type := Initial Coefficient_l;
Coefficient 2 : Coefficient Type := Initial Coefficient 2;

Previous_Input_Signal : Signal Type := Initial Previous_Input_Signal;

Previous Output_Signal: Signal Type := Previous Input Signal *
( (2.0 * Coefficient_I) / (1.0 - Coefficient_2) );

end Tustin Lag Filter;

3.3.6.6.9.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.7.8 LIMITATIONS

None.
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3.3.6.6.9.7.9 LLCSC DESIGN

None.

3.3.6.6.9.7.10 UNIT DESIGN

3.3.6.6.9.7.10.1 UPDATE_COEFFICIENTS (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the values of the coefficients which were initialized
at the elaboration of the instantiation.

3.3.6.6.9.7.10.1.1 REQUIREMENTS ALLOCATION

R162

3.3.6.6.9.7.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.7.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Coefficient Type| generic float | Defines data type for incoming|
| | | coefficients. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |
| Nev Coefficient 1 | Coefficient_ | Nev value for first coefficient |
| New_Coefficient 2 | Type | New value for second coefficient]|

Global parameters:
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| Coefficient Type| Package| Current value of first |
| | body | coefficient |
Coefficient_2 | Coefficient_Type| Package| Current value of second |
! body | coefficient |

3.3.6.6.9.7.10.1.4 LOCAL DATA

None.

3.3.6.6.9.7.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.7.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure UPDATE_COEFFICIENTS (NEW_COEFFICIENT 1 : in COEFFICIENT TYPE;
NEV_COEFFICIENT 2 : in COEFFICIENT TYPE) is

begin

Coefficient_1 := New Coefficient 1;
Coefficient_2 := New Coefficient_ 2;

end Update Coefficients;

3.3.6.6.9.7.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.7.10.1.8 LIMITATIONS

None.

3.3.6.6.9.7.10.2 FILTER (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the filter operation on the input signal. The form
for this filter is as follows:

X = (cl * (Input_Signal + Prev_Input) +
(c2 * (Prev Output)
Prev Input Input Signal;

Prev_Output := X;

r l{l
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&%& 3.3.6.6.9.7.10.2.1 REQUIREMENTS ALLOCATION

R162

3.3.6.6.9.7.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.7.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

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

’

| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming]|
| | | signals.
| Coefficient_Type| generic float | Defines data type for incoming|
| | | coefficients.

si; Subprograms:
| Name | Type | Description |

| " | Function | Signal Type * Coefficient_Type|
| | | return Signal Type |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| Signal | Signal Type | New value for input signal. |

Global parameters:

The following global data objects are stored in the package body:
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| Name | Type | Source | Description
Previous Input_| Signal Type Package Body| Value of input signal to
Signal™ previous pass.

Previous Output| Signal Type Package Body| Value of output signal
_Signal from previous pass.
Coefficient_1 Coefficient_Type| Package Body|Current value of first

coefficient
Coefficient_2 Coefficient_Type| Package Body|Current value of second
| coefficient

3.3.6.6.9.7.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |

| Output_Signal | Signal Type | Output from filter operation. |

3.3.6.6.9.7.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.7.10.2.6 PROCESSING
The following describes the processing performed by this part:
function FILTER (SIGNAL : SIGNAL TYPE) return SIGNAL TYPE is
Output_Signal : Signal Type;
begin

Output_Signal := ( (Signal + Previous_Input_Signal) * Coefficient_1) +
( Previous_Output Slgnal * Coefficient _2);

Previous_Input_Signal := Signal;
Previous Output Signal := Output_Signal;

return OQutput_Signal;

end Filter;



CAMP Software Detailed Design Document Page 1265

3.3.6.6.9.7.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.7.10.2.8 LIMITATIONS

None.

3.3.6.6.9.7.10.3 REINITIALIZE (SUBPROGRAM BODY) UNIT DESIGN

This subprogram reinitializes the state of the filter according to following
processing:

Previous_Input_Signal := Signal;

Previous_Output_Signal := Previous_Input Signal *

' ( (2.0 * Coefficient_1) / (1.0 - Coefficient_2) );
3.3.6.6.9.7.10.3.1 REQUIREMENTS ALLOCATION

R162

3.3.6.6.9.7.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.7.10.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|
| I | reinitialization signal |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:
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o

Global parameters:

| Previous_Input | Signal Type | Package | Current value of previous |
| Signal [ | body | input signal |
| Previous_Output | Signal Type | Package | Current value of previous |
| Signal | | body | output signal |

3.3.6.6.9.7.10.3.4 LOCAL DATA

None.

3.3.6.6.9.7.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.7.10.3.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Signal: in Signal Type) is
begin |
Previcus_Input_Signal := Signal;

Previous Output_Signal :=
Previous_Input Signal * ( (2.0 * Coefficient 1) / (1.0 - Coefficient_2) );

end Reinitialize;

3.3.6.6.9.7.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.7.10.3.8 LIMITATIONS

None.

3.3.6.6.9.8 TUSTIN_LEAD LAG FILTER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P89-0)

This package exports operations to perform a Tustin Lead Lag filter operation
on an input signal. The package also allows updating of the filter
coefficients. The package initializes the coefficients and initial filter
state as part of the elaboration of the instantiation.
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The form of the filter operations is as follows:
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X := ( (Input_Signal - Prev_Input) * cl ) +
( (Prev_Output - Prev_Input) * c2 ) +
Prev_Input

Prev_Input := Input_Signal;
Prev_Output := X;

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

3.3.6.6.9.8.1 REQUIREMENTS ALLOCATION

R161

3.3.6.6.9.8.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.8.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name i Type | Description |

| Defines data type for incoming]|
| signals to filter.
|
I

Signal Type | generic float

Defines data type for defining|
filter coefficients. |

Data objects:

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

| Name | Type | Description |
| Initial Previous| Signal Type | Initial value of previous |
| Input_Signal | | input signal. |
| Initial | Coefficient Type| Initial value of first filter |
| Coefficient 1 | | Coefficient. |
| |
[ |

Initial_ | Coefficient Type| Initial value of second filter
Coefficient_2 | | Coefficient.




CAMP Software Detailed Design Document

Subprograms:

The following table summarizes the generic formal subprograms required by this

| Description |

part:
| Name | Type
| nxv | Function

| S1gna1 _Type * Coefficient_Type|
| return Signal Type |

3.3.6.6.9.8.4 LOCAL DATA

Data objects:

The following data objects are maintained by this part:

| Description |

Coefficient 1
| Coefficient 2

| Name | Type
| Previous_Input_ | Signal Type
| Signal” |
| Previous_Output_| Signal Type
| Signal |
| I

I

Coefficient_Type| Value of first coefficient
Coefficient_Type| Value of second coefficient

| Value of signal input to

| filter on previous pass.

| Value of output signal from
| previous pass.

3.3.6.6.9.8.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.8.6 PROCESSING

The following describes the processing performed by this part:

separate (SIGNAL PROCESSING)

package body Tustin_Lead_Lag Filter is

Previous_Input_Signal : Signal Type := Initial Previous_Input_Signal;
Previous Output _Signal: Signal~ _Type := Initial™ _Previous Input Slgnal,

Coefficient 1
Coefficient 2

end Tustin Lead Lag Filter;

: Coefficient_Type :
: Coefficient_Type :

Initial Coefficient_1;
Initial Coefficient_2;

Page 1268



CAMP Software Detailed Design Document

&-"';

»fﬁ 3.3.6.6.9.8.7 UTILIZATION OF OTHER ELEMENTS
None.
3.3.6.6.9.8.8 LIMITATIONS
None.

3.3.6.6.9.8.9 LLCSC DESIGN

None.

3.3.6.6.9.8.10 UNIT DESIGN

3.3.6.6.9.8.10.1 UPDATE_COEFFICIENTS (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the values of the coefficients which were initialized
at the elaboration of the instantiation.

3.3.6.6.9.8.10.1.1 REQUIREMENTS ALLOCATION

R161

Xk
GL 3.3.6.6.9.8.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.8.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types:

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

| Name i Type

Description |

Defines data type for incoming|
coefficients. |

| New Coefficient_1 | Coefficient_
| New Coefficient 2 | Type

§§R Global parameters:

New value for first coefficient |
New value for second coefficient|
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| Name | Type | Source | Description |

| | | Current value of first |
| | | coefficient |
| Coefficient 2 | Coefficient_Typel Package Body | Current value of second |
| | | coefficient |

3.3.6.6.9.8.10.1.4 LOCAL DATA

None.

3.3.6.6.9.8.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.8.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure UPDATE COEFFICIENTS (NEV_COEFFICIENT 1 : in COEFFICIENT TYPE;
NEV ™ COEFFICIENT 2 : in COEFFICIENT TYPE) is
begin

Coefficient_1 := New Coefficient_1;
Coefficient_2 := New_Coefficient_2;

end Update_Coefficients;

3.3.6.6.9.8.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.8.10.1.8 LIMITATIONS

None.

3.3.6.6.9.8.10.2 FILTER (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the filter operation on the input signal. The form
for this filter is as follows:

X = (cl * (Input_Signal - Prev_Input) +
(c2 * (Prev Output - Prev Input) +
Prev_Input)

Prev Input Input_Signal;

Prev_Output := X;
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‘l
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~ 3.3.6.6.9.8.10.2.1 REQUIREMENTS ALLOCATION

R161

3.3.6.6.9.8.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.8.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |
| Signal Type | generic float | Defines data type for incoming|
| | | signals.

| Coefficient_Type| generic float | Defines data type for incoming|
| | | coefficients. |

S;\ Subprograms:

| Name | Type | Description |
| M | Function | Signal Type * Coefficient Type|

| | | return Signal Type |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| Signal | Signal _Type | New value for input signal.

Global parameters:

=
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Current value of first coefficient
Current value of second coefficient

Coefficient_1 | Coefficient Type| Package Body
Coefficient_2 | Coefficient Type| Package Body

A
_____________________ - Ly
| Name | Type | Source | Description |
| Previous Input | Signal Type | Package Body | Value of input signal to previous |
|  Signal” | | | pass. |
| Previous Output| Signal Type | Package Body | Value of output signal from |
| Signal |  previous pass. |
| I I
I I I

3.3.6.6.9.8.10.2.4 LOCAL DATA

None.

3.3.6.6.9.8.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.8.10.2.6 PROCESSING
The following describes the processing performed by this part:
function FILTER (SIGNAL : SIGNAL TYPE) return SIGNAL TYPE is
Output_Signal : Signal Type;
begin
Output_Signal := ( (Signal - Previous Input_Signal) * Coefficient 1) +
( (Previous Output STgnal - Previous_Input_ Signal) *
Coefficient _2) +

Prev1ous_Input_Slgnal;

Previous_Input_Signal := Signal;
Previous Output Signal := Qutput_Signal;

return OQutput_Signal;

end Filter;

3.3.6.6.9.8.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.8.10.2.8 LIMITATIONS

None.
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3.3.6.6.9.8.10.3 REINITIALIZE (SUBPROGRAM BODY) UNIT DESIGN
This subprogram reinitializes the state of the filter as follows:
Previous_Input_Signal := Signal;
Previous_Output_Signal := Signal;
3.3.6.6.9.8.10.3.1 REQUIREMENTS ALLOCATION

R161

3.3.6.6.9.8.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.8.10.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|
| | | reinitialization signal |

| Name | Type | Source | Description

I
| Previous_Input_ | Signal Type | Package | Current value of previous |
| Signal [ | body | input signal |
| Previous Output | Signal Type | Package | Current value of previous |
| Signal | |  body | output signal |
3.3.6.6.9.8.10.3.4 LOCAL DATA
None.
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3.3.6.6.9.8.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.8.10.3.6 PROCESSING

The following describes the processing performed by this part:
procedure Reinitialize (Signal : in Signal Type) is
begin

Previous_Input_Signal := Signal;
Previous_Output_Signal := Previous_Input_Signal;

end Reinitialize;

’

3.3.6.6.9.8.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.8.10.3.8 LIMITATIONS

None.

3.3.6.6.9.9 SECOND_ORDER FILTER (PACKAGE BODY) PACKAGE DESIGN (CATALOG #P90-0)

This package exports operations to perform a Second Order filter operation on
an input signal. The package also allows updating of the filter coefficients.
The package initializes the coefficients and initial filter state as part of
the elaboration of the instantiation.

The form of the filter operations is as follows:

X := (cl1 * (Input_Signal - 2nd_Prev_Input) +
(c2 * (Prev_Input - Prev_Output) ) -
(c3 * 2nd_Prev_Output);

2nd Prev Input := Prev Input;

Prev_Input := Input_Signal;
2nd_Prev_Output := Prev_Output;
Prev_Output t= X;

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

3.3.6.6.9.9.1 REQUIREMENTS ALLOCATION

R110

s
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3.3.6.6.9.9.2 LOCAL ENTITIES DESIGN

This package contains a sequence of statements at the end of the package body
wvhich are executed when this part is elaborated. This code initializes the
previous input signal and coefficients. It also sets the value for the
previous output signal. It calls Redefine Coefficients procedure from this
package to initialize the values of the coefficients.

3.3.6.6.9.9.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

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

| Name | Type | Description |
| Signal_Type | generic float | Defines data type for incoming]|
| | signals to filter.

| Coefficient Type| generic float | Defines data type for defining|
! |

| filter coefficients. |

Data objects:

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

| Name | Type | Description |
Initial Previous_ Signal Type Initial value of
Input_Signal previous input signal.
Initial Coefficient_ Coefficient_Type| Initial value of first
Defining Parameter 1 defining parameter of
coefficients.
Initial Coefficient_ Coefficient_Type| Initial value of second
Defining_Parameter 2 defining parameter of
coefficients.
Subprograms:

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

| Name | Type | Description |

| " | Function ' | Signal Type * Coefficient_Type|
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3.3.6.6.9.9.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name I Type | Description
Previous_Input_ | Signal Type Value of signal input to
Signal filter on previous pass.
Second Previous | Signal Type Value of input signal on pass
Input_Signal before previous.
Previous_Output_| Signal Type Value of signal output from
Signal filter on previous pass.
Second Previous | Signal Type Value of output signal from
Qutput_Signal filter on pass before last.
Coefficient_1 Coefficient_Type| Value of first coefficient
Coefficient 2 Coefficient_Type| Value of second coefficient
Coefficient 3 Coefficient_Type| Value of third coefficient

3.3.6.6.9.9.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.9.6 PROCESSING
The following describes the processing performed by this part:

separate (SIGNAL PROCESSING)
package body Second Order Filter is

Previous_Input Signal: Signal Type;
Second_Previous_Input_Signal: Signal Type;

Previous_Output_Signal: Signal Type;
Second_Previous _Output_Signal: Signal Type;

Coefficient_Type;
Coefficient_Type;
Coefficient Type;

Coefficient_1
Coefficient 2
Coefficient 3

begin

Previous_Input_Signal := Initial Previous_Input_Signal;
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) ™
Y

- Second Previous_Input_Signal := Initial Previous_Input_Signal;

Initial Previous Input Signal;

Previous_Output_Signal _ _ _
Initial Previous Input Signal;

Second Previous Output_Signal :

Redefine Coefficients (New_Coefficient Defining Parameter 1 =>
Initial_Coefficient_Defining Parameter 1,
New Coefficient Defining Parameter 2 =>
In1t1a1_Coeff1cient_Def1n1ng_Parameter_2);

end Second Order Filter;

3.3.6.6.9.9.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.9.8 LIMITATIONS

None.

3.3.6.6.9.9.9 LLCSC DESIGN
None.
TR.o8
(o
3.3.6.6.9.9.10 UNIT DESIGN
3.3.6.6.9.9.10.1 REDEFINE COEFFICIENTS (SUBPROGRAM BODY) UNIT DESIGN
This subprogram updates the values of the coefficients which were initialized
at the elaboration of the instantiation.

3.3.6.6.9.9.10.1.1 REQUIREMENTS ALLOCATION
R111

3.3.6.6.9.9.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.9,10.1.5 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 |
| Coefficient Type| generic float | Defines data type for incoming|
| | l coefficients. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| New Coefficient_ | Coefficient_ | New value for first defining |

| Defining_ | Type | paramter of coefficients |

| Parameter 1 | | |

| New_Coefficient_ | Coefficient_ | New value for second defining |

| Defining_ | Type |  paramter of coefficients |

| Parameter_2 | | |

Global parameters:

| Name | Type | Description |

| Coefficient 1 | Coefficient Type| Current value of first coefficient | ‘

| Coefficient_2 | Coefficient Type| Current value of second coefficient|
| Coefficient_3 | Coefficient_Type| Current value of third coefficient |

3.3.6.6.9.9.10.1.4 LOCAL DATA

None.

3.3.6.6.9.9.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.9.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Redefine COEFFICIENTS

(NEV_ COEFFICIENT _Defining Parameter 1 : in COEFFICIENT TYPE;
NEW~ COEFFICIENT Definlng Parameter 2 : in COEFFICIENT TYPE) is

Coefficient_Defining Ratio: Coefficient_Type;
begin Q
Coefficient_Defining Ratio : .0/
+

=1
(1.0 + NEW_COEFPICIENT Defining Parameter 1 +
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T NEV_COEFFICIENT Defining Parameter 2);

(1.0 + New_Coefficient Defining Parameter 1) *

Coefficient_1 :
Coefficient _Defining Ratio;

Coefficient 2 := (2.0 * (1.0 - New _Coefficient Defining Parameter_ 2) ) *
Coefficient Def1n1ng Ratio;
(1.0 - (NEV_COEFFICIENT Defining Parameter 1 +

NEV COEFFICIENT Defin1ng Parameter 2)) *
Coefficient _Defining_ Ratio;

Coefficient 3 :

end Redefine Coefficients;

3.3.6.6.9.9.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.9.10.1.8 LIMITATIONS

None.

3.3.6.6.9.9.10.2 FILTER (SUBPROGRAM BODY) UNIT DESIGN

G:L This subprogram performs the filter operation on the input signal. The form
for this filter is as follows:

X t= (¢l * (Input_Signal - 2nd_Prev_Input) +
(¢2 * (Prev_Input - Prev Output) ) -
(c3 * 2nd Prev _Output);

2nd_Prev_Input := Prev Input;

Prev_Input := Input_Signal;
2nd_Prev_Output := Prev_Output;
Prev_Output i= X;

3.3.6.6.9.9.10.2.1 REQUIREMENTS ALLOCATION
R110

3.3.6.6.9.9.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.9.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming|

| [ | signals. |

| Coefficient_Type| generic float | Defines data type for incoming]|

| | coefficients. |

Subprograms:

| Name | Type | Descripticn |

| "m | Function | Signal Type * Coefficient_Type|

| | | return Signal Type |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| Signal | signal Type | New value for input signal. | eﬁ

| Name | Type | Description

Previous_Input_| Signal Type Value of input signal to previous
Signal pass.

Second_Previous| Signal Type Value of input signal on pass

_Input_Signal before last.

Previous Output| Signal Type Value of output signal from
_Signal previous pass.

Second_Previous| Signal Type Value of output signal from

_Output_Signal pass before last.

Coefficient_1 Coefficient_Type| Current value of first coefficient

Coefficient_2 Coefficient_Type| Current value of second coefficient

Coefficient_3 Coefficient_Type| Current value of third coefficient

3.3.6.6.9.9.10.2.4 LOCAL DATA

None.
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3.3.6.6.9.9.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.9.10.2.6 PROCESSING
The following describes the processing performed by this part:
function FILTER (SIGNAL : SIGNAL TYPE) return SIGNAL_TYPE is
Output_Signal : Signal Type := 0.0;
begin
Output_Signal := ( (Signal - Second_Previous_Input_Signal) *
Coefficient_1) +
( (Previous_Input_Signal - Previous_Qutput Signal) *
Coefficient 2) -
( Second_Previous_Output_Signal * Coeff1cient_§),

Second_Previous_Input_Signal := Previous_Input_Signal;

Previous _Input Signal t= Signal;
Second_Previous_Output_Signal := Previous Output_Signal;
Previous _Output Signal := Qutput SIgnal,

return Output_Signal;

end Filter;

3.3.6.6.9.9.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.9.10.2.8 LIMITATIONS

None.

3.3.6.6.9.9.10.3 REINITIALIZE (SUBPROGRAM BODY) UNIT DESIGN

This subprogram reinitializes the state of the filter by the following
processing:

Previous_Input_Signal := Initial Previous_Input_Signal;
Second_ Previous _Input_Signal := Initial Previous” _Input_ “Signal;

Previous_Output_Signal := Initial Previous Input_Signal;
Second_Previous_Output_Signal := Initial Previous_Input_Signal;
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3.2.6.6.9.9.10.3.1 REQUIREMENTS ALLOCATION

R111

3.3.6.6.9.9.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.9.10.3.3 INPUT/QUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Signal Type | generic float | Defines data type for incoming]
| | reinitialization signal |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| signal | Signal Type | Value for reinitializing filter state |

Global parameters:

| Name | Type | Source | Description |

Previous_Input_ | Signal Type

Package | Current value of previous

I B | I I |
| Signal | | body | input signal |
| Previous Output | Signal Type | Package | Current value of previous |
| Signal | | | output signal |

body

3.3.6.6.9.9.10.3.4 LOCAL DATA

None.

3.3.6.6.9.9.10.3.5 PROCESS CONTROL

Not applicable.
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' 3,3.6.6.9.9.10.3.6 PROCESSING

The following describes the processing performed by this part:
procedure Reinitialize (Signal : in Signal Type) is
begin

Previous Input_Signal := Signal;
Second_Pr«vious_Input_Signal := Signal;

Previous OQutput_Signal := Signal;
Second_Previous Output_Signal := Signal;

end Reinitialize;

3.3.6.6.9.9.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.9.10.3.8 LIMITATIONS

None.

q;t 3.3.6.6.9.10 TUSTIN_INTEGRATOR WITH LIMIT (PACKAGE BODY) PACKAGE DESIGN (CATALOG
#P91-0)

This package exports operations to perform a Tustin Integrator operation on an
input signal. The form of the integration will be: Y = Y prev + (X + X prev)
* gain * 0.5 * integration_time_interval.

The package will set a flag when the result of the integration reaches an
established limit and will not perform further integration if the next
integration will not move the current state below the limit. The package also
allows updating of the gain on the input signal and limit and reading of the
flag setting. The package initializes the gain, limit and initial integrator
state as part of the elaboration of the instantiation.

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

3.3.6.6.9.10.1 REQUIREMENTS ALLOCATION
R203

3.3.6.6.9.10.2 LOCAL ENTITIES DESIGN
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3.3.6.6.9.10.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

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

Instantiated from General Math|
Parts to perform integration]
Instantiated from Absolute_ |
Limit With Flag to perform |
limit and clamp operation |

| Description |

States

Gained_Signals

Gains

generic float
generic float
generic f}oat

generic float

Defines data type for incoming
signals to integrator.
Defines data type for signals
output from integrator
Defines data type for incoming
signal after gain applied
Defines data type for gains

Data objects:

The following table summarizes the generic formal objects required by this
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part:
| Name Type | Description |
Initial Signal | Signals Initial value of input signal
Level for first pass.
Initial Output_ | States Initial values of output
Level signal after first pass.
Initial Signal | States Initial value of limit
Limit on integrator output.
Initial Time_ Times Initial value of time interval
Inteval for integration
Initial_ Gains Initial value of gain used in
Tustin_Gain Tustin integration

Subprograms:

The following table summarizes the generic formal subprograms required by this

part:

]



Y
“‘\.\J

CAMP Software Detailed Design Document

| Name | Type | Description |
| "o | Function | Signals * Gains |
| | | return Gained_Signals |
| "xm | Function | Gained_Signals * States |
| | | return States |
Global parameters:

Data types:

| Name | Source | Type | Description |
| Limit_Relations|Package |Enumer- | Establishes the relationship |
| | Spec. | ation | between a signal and the |

l | | | limit imposed on that signal]

3.3.6.6.9.10.4 LOCAL DATA
Data objects:

The following data objects are walntained by this part:

| Name | Type | Description |
Previous Gained_| Signals Value of signal input to
Input filter on previous pass with
gain applied.
Previous_Output_| States Value of output signal from
Signal previous pass.
Signal Gain Gains Value of gain applied to
input signal.

3.3.6.6.9.10.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.6 PROCESSING
The following describes the processing performed by this part:

vith General Purpose_Math;
separate (SIGNAL_ PROCESSING)

package body Tustin_Integrator With Limit is

-- -- local entities -
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package Local Limit is new Signal Processing.Absolute Limiter With Flag
(Signal _Type => States,
In1t1a1_Absolute_Limit => Initial Signal Limit);

Signal Gain : Gains := Initial Tustin_Gain;

Previous_Gained Input : Gained_Signals :=
Initial _Signal Level * Signal Gain;

Previous Output_Signal : States t=
Local Limit.Limit (Initial State);

package Local_Integrator is new General Purpose Math.Integrator

(Dependent_Type => States,

Independent_Type => Gained_Signals,

Time Interval => States,

Initial _Dependent _Value ~> Previous Output Signal, ] ‘
Initial Independent Value => Previous_Gained Input,

Default Delta Time => 1.0,

Nt => kM)

end Tustin Integrator With Limit;

3.3.6.6.9.10.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with’d by this part:
1. General Purpose Math

UTILIZATION OF EXTERNAL ELEMENTS:
Packages:

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

| Name | Type | Source | Description |

| Integrator | Generic | General Purpose Math | Performs Integrate |
| Package | | operations. |

UTILIZATION OF OTHER TLC ELEMENTS:

The following tables describe the elements used by this part but defined in one @
or more units from the top level component.
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Packages:

The following table summarizes the TLC packages required by this part:

| Name | Type |  Description |
| Absolute Limiter | Generic | Performs limit operation on |
| with Flag | Package | integrator output. |

3.3.6.6.9.10.8 LIMITATIONS

None.

3.3.6.6.9.10.9 LLCSC DESIGN

None.

3.3.6.6.9.10.10 UNIT DESIGN

3.3.6.6.9.10.10.1 UPDATE_LIMIT (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the limit on the integrator output as initialized at
the elaboration of the instantiation. It does this by calling the Update Limit
function of the Local Limit package.

3.3.6.6.9.10.10.1.1 REQUIREMENTS ALLOCATION

R203

3.3.6.6.9.10.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.10.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| States | generic float | Defines data type for limit |
| | | on output signal. |
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FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

3.3.6.6.9.10.10.1.4 LOCAL DATA

None.

3.3.6.6.9.10.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Update_Limit (New_Absolute Limit: in States) is
begin
Local Limit.Update_Limit (New_Absolute Limit => New_Absolute Limit);

end Update Limit;

3.3.6.6.9.10.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.10.10.1.8 LIMITATIONS

None.

3.3.6.6.9.10.10.2 UPDATE_GAIN (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the gain to applied applied to the input signal prior
to the integration operation.

3.3.6.6.9.10.10.2.1 REQUIREMENTS ALLOCATION

R203
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3.3.6.6.9.10.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.10.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Gains | generic float | Defines data type for gains
| | |  to input signal.

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description |

| New_Gain | Gains | New value for gain |

Global parameters:

| Name | Type | Source | Description |

3.3.6.6.9.10.10.2.4 LOCAL DATA

None.

3.3.6.6.9.10.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.10.2.6 PROCESSING
The fol.owirg describes the processing performed by this part:
procedure Update_Gain (New_Gain: in Gains) is

begin
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Signal Gain := New_Gain;

end Update Gain;

3.3.6.6.9.10.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.10.10.2.8 LIMITATIONS

None.

3.3.6.6.9.10.10.3 INTEGRATE (SUBPROGRAM BODY) UNIT DESIGN

This subprogram performs the integrator operation on the input signal. The
form of this integration is:

If Prev_Output within limit then
Output := Prev_Output +
(Input_Signal + “Prev _Input) * Gain * Time Interval/2;
Limit Output and set flag if appropriate
Elsif Prev Output at positive limit and
Integration forces output below limit then
Output ¢= Prev_Output +
(Input_Signal + “Prev _Input) * Gain * Time Interval/2; ‘i
Elsif Prev Output at negative limit and ’
Integration forces output above limit then
Output t= Prev_Qutput +
(Input_Signal + “Prev _Input) * Gain * Time_Interval/2;
Prev_Input  := Input Signal * Gain;
Prev Output := Output;

3.3.6.6.9.10.10.3.1 REQUIREMENTS ALLOCATION

R203

3.3.6.6.9.10.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.10.10.3.3 INPUT/QUTPUT
GENERIC PARAMETERS:
Data types:

The following table summarizes the generic formal types required by this part:
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| Name [ Type | Description |
Signals generic float Defines data type for incoming
signals.
States generic float Defines data type for output

generic float Defines data type for inter-
mediate result from applying
gain to input signal

I
I
|
| from integrator.
I
I
I

Subprograms:

| Name | Type | Description |

| A | Function | Signals * Coefficient Type |
I I

| return Signal Type

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| Name | Type | Description J

| Signal | Signals | New value for input signal. |

3.3.6.6.9.10.10.3.4 [LOCAL DATA

None.

3.3.6.6.9.10.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.10.3.6 PROCESSING
The following describes the processing performed by this part:
function Integrate (Signal : Signals) return States is
New_Gained_Signal : Gained_Signals := Signal * Signal Gain;
New Gained Total : Gained Signals :=
New_Gained_Signal + Previous Gained_Input;
Output_Signal : States;

begin

- if within limit or
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- (beyond limit and new input brings output within limit) then
-— integrate new output

if
(Local Limit.Limit Flag Setting = Within Limit or else
(Local_Limit.Limit_Flag Setting = At_P051t1ve Limit and then
New Gained Total < 0.0) or else
(Local_Limit.LTmit_Flag_Settlng At _Negative Limit and then
New Gained Total > 0.0) )
then
Output_Signal := Local_ Integrator.Integrate (New Gained_Signal);
Output Slgnal t= Local Limit.Limit (Output SignaI),
if Local Limit.Limit_Flag Setting /= Within Limit then
Reset (Integrator_State => Output Signal,
Signal => Signal);
end if;
Previous Output_Signal := Output_Signal;
else
Output_Signal .:= Previous_Output_Signal;
Local Integrator Update
(Current_Independent_Value => New_Gained Signal);
end if;

Previous_Gained_Input := New_Gained_Signal;
return Output_Signal;

end Integrate;

3.3.6.6.9.10.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.10.10.3.8 LIMITATIONS

None.

3.3.6.6.9.10.10.4 RESET (INTEGRATOR STATE) (SUBPROGRAM BODY) UNIT DESIGN

This procedure calls the Local Integrator.Reinitialize procedure to
reinitialize to integrator state.

N
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3.3.6.6.9.10.10.4.1 REQUIREMENTS ALLOCATION

R203

3.3.6.6.9.10.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.10.10.4.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Mode | Description

| Integrator State | States | In | Unlimited value of new

| | | | integrator state

| Signal | Signals | In | New value of previous input
| l I I

signal

3.3.6.6.9.10.10.4.4 LOCAL DATA
Data objects:

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

| Name | Type | Description |

| Limited_State | States | State after local limit is applied |

3.3.6.6.9.10.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.10.4.6 PROCESSING
The following describes the processing performed by this part:

in States;

procedure Reset (Integrator_State
in Signals) is

Signal

Limited_State: States := Local Limit.Limit (Integrator_State);
begin

Previous_Gained_Input := Signal * Signal Gain;
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Local Integrator.Reinitialize
(Initial Dependent Value => Integrator_State,
Initial _Independent_Value => Previous_Gained_Input);

end Reset;

3.3.6.6.9.10.10.4.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsevhere 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 |

| Reinitialize | Procedure | Local Integrator | Reinitializatiof of |
| | | | integrator state |

Data types: ] 0 ‘

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

| Name | Type | Source | Description |
| States | Generic float | Package Spec | State of integrator |
| Signals | Generic float | Package Spec | Represents type of |

| | | input to integrator |

3.3.6.6.9.10.10.4.8 LIMITATIONS

None.

3.3.6.6.9.10.10.5 LIMIT FLAG_SETTING (SUBPROGRAM BODY) UNIT DESIGN

This procedure calls the Local Limit.Limit Flag Setting function to return the
relation of the current output signal to the limit.

3.3.6.6.9.10.10.5.1 REQUIREMENTS ALLOCATION

R203
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3.3.6.6.9.10.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.10.10.5.3 INPUT/OUTPUT

None.

3.3.6.6.9.10.10.5.4 LOCAL DATA

None.

3.3.6.6.9.10.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.10.10.5.6 PROCESSING
The following describes the processing performed by this part:
function Limit_Flag Setting return Limit_Relations is
begin
return (Local Limit.Limit_Flag Setting);

end Limit_Flag Setting;

3.3.6.6.9.10.10.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.10.10.5.8 LIMITATIONS

None.

3.3.6.6.9.11 TUSTIN_INTEGRATOR_WITH_ASYMMETRIC LIMIT (PACKAGE BODY) PACKAGE DESIGN

(CATALOG #P1054-0)

This package exports operations to perform a Tustin Integrator operation on an
input signal. The form of the integration will be: Y = Y prev + (X + X _prev)
* gain * 0.5 * integration_time_interval.

The package will set a flag when the result of the integration reaches an
established limit and will not perform further integration if the nex:
integration will not move the current state below the limit. The package also
allows updating of the gain on the input signal and limit and reading of the
flag setting. The package initializes the gain, limits and initial integrator
state as part of the elaboration of the instantiation.



CAMP Software Detailed Design Document Page 1296

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

3.3.6.6.9.11.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.6.9.11.2 LOCAL ENTITIES DESIGN

| Instantiated from General Math|
| Parts to perform integration|
Package | Instantiated from Upper_ Lower_|
| Limiter to perform limiting |

3.3.6.6.9.11.3 INPUT/OUTPUT
GENERIC PARAMETERS:

Data types: : 6

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

| Name | Type | Description |

Signals generic float Defines data type for incoming
signals to integrator.

States generic float Defines data type for signals
output from integrator

Gained Signals generic float Defines data type for incoming
signal after gain aprlied

Gains generic float Defines data type for gains

Data objects:

The following table summarizes the generic formal objects required by this
part:
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| Name | Type | Description |
Initial Signal | Signals Initial value of input signal
Level for first pass.

Initial Output_ | States Initial values of output
Level signal after first pass.
Initial Signal | States Initial value of lower limit

Lower Limit on integrator output.
Initial Signal_ | States Initial value of upper limit
Upper Limit on integrator output.
Initial_ Gains Initial value of gain used in
Tustin_Gain Tustin integration
Subprograms:

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

| Name | Type | Description

A | Punction | Signals * Gains |
| | | return Gained_Signals |
| ram | Function | Gained_Signals * States |
| | | return States |
Global parameters:

Data types:

| Name | Source | Type | Description |
| Limit‘Relations|Package |Enumer- | Establishes the relationship |
| |Spec. | ation | between a signal and the |

I | | | 1imit imposed on that signal|

3.3.6.6.9.11.4 LOCAL DATA
Data objects:

The folloving data objects are maintained by this part:
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| Name | Type | Description
Previous Gained | Signals Value of signal input to
Input filter on previous pass with
gain applied.
Previous_Output_| States Value of output signal from
Signal previous pass.
Signal Gain Gains Value of gain applied to
input signal.
Local Limit Limit Relations | Current state of the
Flag_SettTng limited integrator state
|
Local Lower States Local copy of the limiter’s
Limit lover limit
Local Upper_ States Local copy of the limiter’s
Limit upper limit

3.3.6.6.9.11.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.11.6 PROCESSING
The following describes the processing performed by this part:

wvith General Purpose Math;
separate (SIGNAL_PROCESSING)

package body Tustin_Integrator With Asymmetric Limit is

package Local Limit is new Signal Processing.Upper_Lover Limiter
(Signal Type => States,
Initial Lower_Limit => Initial_Signal Lower Limit,
Initial_Upper Limit => Initial Signal Upper Limit);

-- —— Local Data Objects-

Signal _Gain ¢ Gains := Initial Tustin_Gain;

Previous_Gained Input : Gained_Signals :=
Initial_Signal Level * Signal Gain;

Previous Output_Signal : States 1=
Local Limit.Limit (Initial State);

Local Limit_Flag Setting : Limit_Relations := Within Limit;

Page 1298



;;E

CAMP Software Detailed Design Document ' Page 1299

Local Lower Limit : States := Initial Signal Lower Limit;
Local Upper Limit : States := Initial Signal Upper Limit;

package Local Integrator is new General Purpose Math.Integrator

(Dependent _Type => States,
Independent_Type => Gained_Signals,
Time Interval => States,

Initlal Dependent Value => Previous_Output Signal,
Initial " Independent Value => Previous Gained _Input,
Default Delta Time => 1.0);

end Tustin_Integrator_With_Asymmetric Limit;

3.3.6.6.9.11.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with’d by this part:
1. General Purpose Math

UTILIZATION OF EXTERNAL ELEMENTS:
Packages:

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

| Name | Type | Source | Description

| Integrator | Generic | General Purpose Math | Performs Integrate |
| Package | | ,operations. |

UTILIZATION OF OTHER TLC ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more units from the top level component.

Packages: The following table summarizes the TLC packages required by this
part:

| Name | Type | Description |

| Upper Lower Limiter| Generic | Performs limit operation on |
| Package | integrator output. |
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3.3.6.6.9.11.8 LIMITATIONS

None.

3.3.6.6.9.11.9 LLCSC DESIGN

None.

3.3.6.6.9.11.10 UNIT DESIGN
3.3.6.6.9.11.10.1 UPDATE_LIMITS (SUBPROGRAM BODY) UNIT DESIGN
This subprogram updates the limits on the integrator output as initialized at

the elaboration of the instantiation. It does this by calling the Update Limit
function of the Local Limit package.

3.3.6.6.9.11.10.1.1 REQUIREMENTS ALLOCATION
N/A

13.3.6.6.9.11.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.11.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| States | generic float | Defines data type for limit
| | | on output signal. |

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| New_Upper Limit | Output_Type | New value for upper limit |
| New_Lower Limit | Output_Type | New value for lower limit l
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3.3.6.6.9.11.10.1.4 LOCAL DATA

None.

3.3.6.6.9.11.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.11.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure Update_Limits (New_Lower Limit: in States;
Nev | _Upper_ “Limit: in States) is

begin

Local Limit.Update Limits (New_Lower Limit => New_Lower Limit,
New™ _Upper_ “Limit => New Upper Limit);

Local Lower Limit := New_Lower Limit;
Local_Upper Limit := New _Upper_ “Limit;

end Update Limits;

3.3.6.6.9.11.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.11.10.1.8 LIMITATIONS

None.

3.3.6.6.9.11.10.2 UPDATE_GAIN (SUBPROGRAM BODY) UNIT DESIGN

This subprogram updates the gain to applied applied to the input signal prior
to the integration operation.

3.3.6.6.9.11.10.2.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.6.9.11.10.2.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.6.9.11.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |
| Gains | generic float | Defines data type for gains
[ | | to input signal.

FORMAL PARAMETERS:

The following table summarizes the formal parameters to this part:

| New Gain | Gains | New value for gain |

Global parameteré:

| Name | Type | Source | Description |

| Signal Gain | Gains|Pack. body | Current value of gain |

3.3.6.6.9.11.10.2.4 LOCAL DATA

None.

3.3.6.6.9.11.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.6.9.11.10.2.6 PROCESSING
The following describ:s the processing performed by this part:
procedure UPDATE Gain (New_Gain: in Gains) is
begin
Signal Gain := New_Gain;

end Update_Gain;

e
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i&k 3.3.6.6.9.11.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.6.9.11.10.2.8 LIMITATIONS

None.

3.3.6.6.9.11.10.3 INTEGRATE (SUBPRCGRAM BODY) UNIT DESIGN

This subprogram performs the integrator operation on the input signal. The
form of this integration is:

If Prev_Output within limit then
Qutput := Prev_Output +
(Input_Signal + “Prev _Input) * Gain * Time_Interval/2;
Limit Output and set flag if appropriate
Elsif Prev Output at positive limit and
Integration forces output below limit then
Qutput := Prev_Output +
(Input_Signal + “Prev _Input) * Gain * Time_Interval/2;
Elsif Prev Output at negative limit and
Integration forces output above limit then

Output ¢= Prev_Output +
. (Input_Signal + “Prev _Input) * Gain * Time_Interval/2;
(i? Prev Input := Input_ Signal * Gain;

Prev | _Output := Output,

3.3.6.6.9.11.10.3.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.6.9.11.10. 2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.1 “NPUT/OUTPUT
GENERIC PARAMET.L,.

Data types:

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

;
| Name | Type | Description |
| Signals | generic float | Defines data type for incoming]|
| | | signals. |
| States | generic float | Defines data type for output |
| | | from integrator. |
| Gained_Signals | generic float | Defines data type for inter- |
[ | | mediate result from applying|
| | | gain to input signal
Subprograms:
| Name | Type | Description |
| frAn | Function | signals * Coefficient Type |
| | | return Signal Type
FORMAL PARAMETERS:
The following table summarizes the formal parameters to this part:
| Name | Type | Description | ‘
| Signal | Signals | New value for input signal. |
T
3.3.6.6.9.11.10.3.4 LOCAL DATA
None.
3.3.6.6.9.11.10.3.5 PROCESS CONTROL
Not applicable.
3.3.6.6.9.11.10.3.6 PROCESSING
The following describes the processing performed by this part:
function Integrate (Signal : Signals) return States is
Nev_Gained_Signal : Gained_Signals := Signal * Signal Gain;
New Gained Total : Gained Signals :=
Nev_Gained_Signal + Previous_Gained_Input;
Output_Signal : States;
begin @

- --if  within limit or
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%

- - (beyond limit and new input brings output within limit) then
- -~ integrate new output

(Local Limit_Flag Setting = Within Limit or else
(Local Limit Flag Setting = At Positive Limit and then
Nev Gained Total < 0.0) or else
(Local _ Limit FTag Setting = At _Negative Limit and then
New Gained Total > 0.0) )
then

Output_Signal := Local Integrator.Integrate (New Gained Signal);
Output_Signal := Local Limit.Limit (Output_Signal);

if Output_Signal >= Local Upper Limit then
Local Limit Flag Setting := At Positive Limit;
elsif Output STgnal <= Local Lower Limit then
Local _ Limit _Flag_Setting = At Negative Limit;
else
Local Limit Flag Setting := Within Limit;
end if;
if Local Limit Flag_Setting /= Within Limit then

Reset (Integrator_State => Output Signal,
(n’dn Signal => Signal);

end if;
Previous Output_Signal := Output_Signal;
else
Output_Signal := Previous Output_Signal;
Local Integrator Update
(Current_Independent Value => New_Gained_Signal);

end if;

Previous_Gained_Input := New_Gained_Signal;
return Qutput_Signal;

end Integrate;

3.3.6.6.9.11.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

B
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§

3.3.6.6.9.11.10.3.8 LIMITATIONS

None.

3.3.6.6.9.11.10.4 RESET (SUBPROGRAM BODY) UNIT DESIGN

This procedure calls the Local Integrator.Reinitialize procedure to
reinitialize the integrator state.

3.3.6.6.9.11.10.4.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.6.9.11.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.11.10.4.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this part’s formal parameters:

| Name | Type | Mode | Description |
| Integrator_State | States | In | Unlimited value of new |
| | | integrator state |
| Signal | Signals | In | New value of previous input
I I I |

signal

3.3.6.6.9.11.10.4.4 LOCAL DAYA
Data objects:

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

| Name | Type | Description |

| Limited_State | States | State after local limit is applied |

3.3.6.6.9.11.10.4.5 PROCESS CONTROL

Not applicable.
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r. s
S&'?’ 3.3.6.6.9.11.10.4.6 PROCESSING
The following describes the processing performed by this part:

procedure Reset (Integrator State : in States;
Signal : in Signals) is

Limited_State: States := Local Limit.Limit (Integrator_State);
begin
Previous_Gained_Input := Signal * Signal Gain;
Local Integrator.Reinitialize
(Initial Dependent Value => Integrator State,
Initial Independent Value => Previous_Gained_Input);

end Reset;

3.3.6.6.9.11.10.4.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

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

(‘Qm 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 |

| Reinitialize | Procedure | Local Integrator | Reinitializatiof of |
| | | | integrator state |

Data types:

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

| Name | Type | Source | Description |
| States | Generic float | Package Spec | State of integrator |
| Signals | Generic float | Package Spec | Represents type of |

I

| | | | input to integrator

3.3.6.6.9.11.10.4.8 LIMITATIONS

@ None.



SELTIOU WS WOTETLUT ETUTTE LT WO T WS ey - - -—— re—— r—

CAMP Software Detailed Design Document e 1308

3.3.6.6.9.11.10.5 LIMIT FLAG_SETTING (SUBPROGRAM BODY) UNIT DESIGN

This procedure queries the flag setting and returns the relation of the current
output signal to the limit.

3.3.6.6.9.11.10.5.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.6.9.11.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.6.9.11.10.5.3 INPUT/OUTPUT

None.

3.3.6.6.9.11.10.5.4 LOCAL DATA

None.

3.3.6.6.9.11.10.5.5 PROCESS CONTROL ‘

Not applicable.

3.3.6.6.9.11.10.5.6 PROCESSING
The following describes the processing performed by this part:
function Limit_g}ag_Setting return Limit_Relations iy
begin
return Local Limit_Flag Setting;

end Limit_Flag Setting;

3.3.6.6.9.11.10.5.7 UTILIZATION G¥ OTHER ELEMENTS

None.

3.3.6.6.9.11.10.5.8 LIMITATIONS

None.
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3.3.6.6.10 UNIT DESIGN

None.
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package body Signal Processing is

package
package
package
package
package
package
package
package
package
package
package
begin
null;

exception

body
body
body
body
body
body
body
body
body
body
body

Upper Lower Limiter is separate;

Upper Limiter is separate;

Lover Limiter is separate;
Absolute_Limiter is separate;

Absolute Limiter With Flag is separate;
General First Order Filter is separate;
Tustin_Lead_Lag Filter is separate;
Tustin_Lag Filter is separate;

Second Order Filter is separate;
-ustin_Integrator With Limit is separate;

Tustin_Integrator With Asymmetric_Limit is separate;

vhen others => raise;

end Signal Processing;
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i 'Y

separate (Signal Processing)
package body Upper_Lower Limiter is

Upper Limit,
Lower Limit : Signal Type;

pragma PAGE;
procedure Update Limits (New_Upper Limit : in Signal Type;
New Lower _ “Limit : in Signal Type) is

begin

if New_Upper Limit > New_Lower Limit then
Upper Limit := New Upper Limit;
Lower Limit := New Lower Limit,
else
raise Limit_Exception;
end if;

end Update Limits;

pragma PAGE;
function Limit (Signal : Signal Type) return Signal Type is

Limited_Signal: Signal Type; ‘
begin

if Signal > Upper Limit then
Limited Signal := Upper_Limit;
elsif Signal < Lower Limit then
Limited_Signal := Lower_Limit,
else
Limited_Signal := Signal;
end if;

return Limited_Signal;
end Limit;

pragma PAGE;

~-begin processmg Jor package body

begin

Update Limits (New_Upper Limit => Initial Upper Limit,
Nev Lover _ “Limit => Initial Lover Limit),

end Upper Lower Limiter; 6§



CAMP Software Detailed Design Document
separate (Signal Processing)
package body Upper Limiter is

Upper Limit: Signal Type := Initial Upper Limit;
pragma PAGE;
procedure Update Limit (New_Upper Limit : in Signal Type) is
begin
Upper_Limit := New_Upper Limit;
end Update_Limit;

pragma PAGE;
function Limit (Signal : Signal Type) return Signal Type is

Limited_Signal: Signal Type;
begin
if Signal > Upper Limit then
Limited_Signal := Upper Limit;
else
Limited_Signal := Signal;
end if;
return Limited_Signal;
end Limit;

end Upper Limiter;
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separate (Signal Processing)
package body Lower Limiter is

Lower Limit : Signal Type := Initial Lower Limit;

pragma PAGE;
procedure Update Limit (New Lower Limit : in Signal Type) is
begin
Lover Limit := New Lower Limit;

end Update Limit;

pragma PAGE;
function Limit (Signal : Signal_Type) return Signal Type is

Limited Signal: Signal Type;
begin
if Signal < Lower_Limit then
Limited_Signal := Lower Limit;
else
Limited_Signal := Signal; ‘
end if;
return Limited_Signal;
end Limit;

end Lower Limiter;
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separate (Signal Processing)
package body Absolute Limiter is

Absolute Limit: Signal Type := abs (Initial Absolute_Limit);
pragma PAGE;
procedure Update_Limit (New_Absolute_Limit : ir. Signal Type) is
bagin
Absolute Limit := abs (New_Absolute Limit);
end Update Limit;

pragma PAGE;
function Limit (Signal : Signal Type) return Signal Type is

Limited _Signal: Signal Type;
begin
if abs (Signal) > Absolute Limit then
if Signal > 0.0 then
Limited_Signal := Absolute Limit;
else
Limited_Signal := - Absolute Limit;
end if;
else
Limited Signal := Signal;
end if;
return Limited_Signal;
end Limit;

end Absolute Limiter;
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separate (Signal Processing)
package body Absolute Limiter With Flag is

Absolute Limit: Signal Type := abs (Initial Absolute_Limit);
Limit_Relation: Limit_Relations := Within Limit;

pragma PAGE;

procedure Update Limit (New_Absolute_Limit : in Signal Type) is

begin
Absolute Limit := abs (New_Absolute Limit);
end Update_ Limit;

pragma PAGE;
function Limit (Signal : Signal Type) return Signal Type is

Limited_Signal: Signal Type;
begin
if abs (Signal) >= Absolute Limit then
if Signal >= 0.0 then

Limited Signal := Absolute Limit;
Limit_Relation := At_PositIve Limit;

else

Limited_Signal := - Absolute_Limit;
Limit Relation := At _Negative Limit;

end if;
else

Limited Signal := Signal;
Limit_Relation := Within Limit;

end if;
return Limited_Signal;
end Limit;
pragma PAGE;
function Limit_Flag Setting return Limit Relations is
begin

return Limit Relation;

end Limit_Flag Setting;

Page 1316
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end Absolute Limiter With Flag;
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separate (Signal Processing)
package body General First Order_Filter is

Coefficient_1 : Coefficient Type := Initial Coefficient 1;
Coefficient_2 : Coefficient Type := Initial Coefficient 2,
Coefficient 3 : Coefficient Type := Initial Coefficient 3;

Previous Input _Signal: Signal Type := In1tial_PrevTous_Input_STgnal;
Previous Output _Signal: Signal Type :=

( Previous Input _Signal * (Coeff1c1ent 1 + Coefficient_2) ) /
( 1.0 - Coefficient _3);

pragma PAGE;
procedure Update Coefficients (New_Coefficient_ 1 : in Coefficient_Type;
New Coefficient 2 t in Coefficient_Type;
New_Coeff1cient_3 in Coefficient_Type) is

begin
Coefficient 1 := New Coefficient 1;
Coefficient 2 := New Coefficient 2,
Coefficient 3 1= New Coefficient 3,

end Update Coefficients;

pragma PAGE;
function Filter (Signal : Signal Type) return Signal Type is

Output_Signal : Signal Type;
begin
Output_Signal := ( Signal * Coefficient 1) +
( Previous_Input_ Signal * Coefficient _2) +
( Previous™ Output _Signal * Coefficient _3);

Previous_Input_Signal := Signal;
Previous_ Output Signal := Qutput_Signal;

return Qutput_Signal;
end Filter;

pragma PAGE;
procedure Reinitialize (Signal : in Signal Type) is

begin
Previous Input Signal := Signal;
Previous_Output Signal :=
~( Previous _Input_Signal * (Coefficient_1 + Coefficient_2) ) /

( 1.0 - Coefficient _3);
end Reinitialize;
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end General First Order Filter;
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separate (Signal Processing)
package body Tustin_Lag Filter is

Initial Coefficient 1;

Coefficient 1 : Coefficient Type : o -
Initial Coefficient_2;

Coefficient 2 : Coefficient Type :

Previous_Input_Signal : Signal Type := Initial Previous_Input_Signal;

Previous Output_Signal: Signal Type := Previous Input Signal *
( (270 * Coefficient T) / (1.0 - Coefficient 2) );

pragma PAGE;
procedure Update Coefficients (New_Coefficient 1 : in Coefficient Type;

New Coefficient 2 : in Coefficient Type) is
begin

Coefficient_1 := New Coefficient 1;
Coefficient_2 := New_Coefficient_2;

end Update Coefficients;
pragma PAGE;
function Filter (Signal : Signal Type) return Signal Type is ‘
Output_Signal : Signal Type; .
begin

Output_Signal := ( (Signal + Previous_Input_Signal) * Coefficient_1) +
( Previous Output Signal * Coefficient _2);

Previous_Input_Signal := Signal;
Previous Output Signal := Output_Signal;

return Qutput_Signal;

end Filter;

pragma PAGE;
procedure Reinitialize (Signal: in Signal Type) is

begin
Previous_Input_Signal  := Signal;

Previous_Output_Signal :=
Previous_Input_Signal * ( (2.0 * Coefficient_1) / (1.0 - Coefficient 2) );

end Reinitialize;

end Tustin_Lag Filter;
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il separate (Signal Processing)
package body Tustin_Lead Lag Filter is
-— == Local Data Object-
Previous Input_Signal : Signal Type := Initial Previous_Input_Signal;
Previous Output _Signal: Signal™ _Type := Initial Previous_Input Signal;
Coefficient_1 : Coefficient_Type := Initial Coefficient_ 1;
Coefficient 2 : Coefficient Type := Initial Coefficient 2;
pragma PAGE;
procedure Update Coefficients (New Coefficient 1 : in Coefficient_Type;
New Coefficient 2 ¢ in Coefficient Type) is
begin
Coefficient 1 := New Coefficient 1;
Coefficient_2 := New_Coefficient_2;
end Update Coefficients;
pragma PAGE;
function Filter (Signal : Signal Type) return Signal Type is
AL Output_Signal : Signal Type;
®

begin
Output_Signal := ( (Signal - Previous Input Signal) * Coefficient 1) +
( (Previous_Output_Signal - Previous_Input_Signal) *
Coefficient 2) +
Previous_Input_Signal;

Previous_Input Signal := Signal;
Previous_Output_Signal := Output_Signal;

return OQutput_Signal;
end Filter;

pragma PAGE;
procedure Reinitialize (Signal : in Signal Type) is

begin

Previous_Input_Signal := Signal;
Previous Output _Signal := Previous_Input_Signal;

end Reinitialize;

end Tustin _Lead Lag Filter;

ﬂgs
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separate (Signal Processing)
package body Second Order Filter is

Previous_Input_Signal: Signal Type;
Second _ Previous _Input_Signal: Signal Type;
Previous Output_Signal: Signal Type;
Second Previous _Output_Signal: Signal™ _Type;
Coefficient 1 : Coefficient_Type;
Coefficient_2 : Coefficient_Type;
Coefficient_3 ¢ Coefficient Type;
pragma PAGE;

procedure Redefine Coefficients
(New_ Coefficient _Defining Parameter 1 : in Coefficient_Type;
New_ “Coefficient Defin1ng Parameter_ ~2 : in Coefficient Type) is

Coefficient_Defining Ratio: Coefficient Type;
begin
Coefficient_Defining Ratio := 1.0 /

(1.0 + New Coefficient Defining Parameter 1 +
New_Coefficient_Defining Parameter 2);

Coefficient_1 := (1.0 + New_Coefficient Defining Parameter 1) *
Coefficient _Defining | Ratio;

Coefficient 2 := (2.0 * (1.0 - New Coefficient_Defining Parameter 2) ) *
Coefficient_Defining Ratio;

Coefficient_3 := (1.0 - (New_Coefficient_Defining Parameter 1 +
Nev Coefficient Defining Parameter 2)) *
Coefficient _Defining Ratio;

end Redefine Coefficients;

pragma PAGE;
function Filter (Signal : Signal Type) return Signal Type is

Output_Signal : Signal Type := 0.0;
begin

Output_Signal := ( (Signal - Second_Previous_Input_Signal) *
Coefficient_1) +
( (Previous_Input _Signal - Previous Output Signal) *
Coefficient 2) -
( Second_Previous_Output_Signal * Coefficient_ 3);

Second Previous_Input_Signal := Previous_Input_Signal;
Previous _Input Signal := Signal;
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RSEN
'Niﬂ Second Previous Output Signal := Previous_Output_Signal;
Previous_Output_Signal = Output_Signal;
return Output_Signal;
end Filter;
pragma PAGE;
procedure Reinitialize (Signal : in Signal Type) is
begin
Previous_Input Signal t= Signal;
Second Previous Input Signal := Signal;
Previous_Output_Signal := Signal;
Second Previous Output Signal := Signal;
end Reinitialize;
pragma PAGE;
~-begin processing for package body
@
Previous_Input_Signal := Initial Previous_Input_Signal;

Second _ Previous _Input_Signal := Initial Previous _Input_ “Signal;

Previcus_Output_Signal t= Initial Previous_Input_Signal;
Second _ Previous _Output_Signal := Initial Previous™ _Input Signal,

Redefine_ Coefficients (New Coefficient Defining Parameter 1 =>
Initial Coefficient Defining Parameter 1,

New Coefficient Defining Parameter 2 =>
Initial Coefficient Defining Parameter _2);

end Second Order Filter;

Page 1323
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with General Purpose Math;
separate (Signal Processing)

package body Tustin_Integrator With Limit is

package Local Limit is new Signal Processing.Absolute Limiter With Flag
(Signal Type => States,
Initial Absolute Limit => Initial Signal Limit);

Signal Gain : Gains := Initial Tustin Gain;

Previous_Gained Input : Gained_Signals :=
Initial_Signal Level * Signal Gain;

Previous_Output_Signal : States t=
Local Limit.Limit (Initial State);

—= == local eniities -

package Local Integrator is nev General Purpose Math.Integrator

(Dependent_Type => States,
Independent_Type => Gained Signals,
Time Interval «> States,

InitIal Dependent Value => Previous_Output_Signal,
Initial Independent Value => Previous_Gained_Input,
Default Delta Time => 1.0,

"an - - =D l!*");

pragma PAGE;
procedurc Update Limit (New_Absolute_Limit: in States) is

begin
Local_Limit.Update Limit (New_Absolute_ Limit => New_Absolute Limit);
end Update Limit;

pragma PAGE;
procedure Update Gain (New_Gain: in Gains) is

begin
Signal Gain := New Gain;
end Update Gain;

pragma PAGE;
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2
function Integrate (Signal : Signals) return States is

New Gained Signal : Gained_Signals := Signal * Signal Gain;

New Gained Total : Gained Signals :
New_Gained_Signal + Previous_Gained Input;
Output_Signal : States;
begin

- if within limit or
- {beyond limit and new input brings output within limit) then
- integrate new output

(Local Limit.Limit_Flag Setting = Within Limit or else
(Local Limit.Limit Flag Setting = At_PosTtive Limit and then
New Gained Total < 0.0) or else
(Local _ Limit.Limit _Flag Setting = At Negative: Limit and then
New_Gained Total > 0.0) )
then

Output_Signal := Local Integrator.Integrate (New Gained Signal);
Output_Signal := Local Limit.Limit (Output Signal);

AN if Local Limit.Limit_Flag Setting /= Vithin_Limit then

RESET (Integrator_State => Output Signal,
Signal => Signal);

end if;
Previous Output_Signal := Qutput_Signal;
else

Output_Signal := Previous_Output_Signal;

Local _Integrator.Update
(Current_Independent_Value => New_Gained_Signal);

end if;

Previous Gained Input := New _Gained lignal;
return Qutput_Signal;
end Integrate;
pragma PAGE;
procedure RESET (Integrator_State : in States;
Signal : in Signals) is
gsg Limited_State: States := Local Limit.Limit (Integrator_State);

begin
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:
Previous_Gained Input := Signal * Signal Gain;
Local Integrator.Reinitialize

(Initial Dependent Value

_ _ Integrator State,
Initial Independent Value

>
> Previous Gained Input);

end RESET;

pragma PAGE;
function Limit_Flag Setting return Limit Relations is

begin
return (Local Limit.Limit_Flag Setting);
end Limit_Flag Setting;

end Tustin_Integrator With Limit;
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vith General Purpose Math;
separate (Signal Processing)

package body Tustin Integrator With Asymmetric Limit is

package Local Limit is new Signal Processing.Upper_Lower Limiter
(Signal Type => States,
Initial Lower Limit => Initial _Signal Lower Limit,
Initial Upper Limit => Initial” Signal _Upper_ “Limit);

Signal Gain : Gains := Initial Tustin_Gain;

Previous_Gained_Input : Gained Signals :=
Initial Signal Level * Signal Gain;

Previous Output_Signal : States ‘=
Local Limit.Limit (Initial State);

ng Local Limit_Flag Setting : Limit Relations := VWithin Limit;

States := Initial Signal Lower Limit;
States := Initial” Signal _Upper_ “Limit;

Local Lower Limit
Local Upper Limit

—= == local entities -

package Local Integrator is newv General Purpose_Math.Integrator

(Dependent _Type => States,
Independent _Type => Gained_Signals,
Time Interval => States,

Initial _Dependent Value => Previous_Output_Signal,
Initial Independent Value => Previous Gained _Input,
Default Delta Time ' => 1.0);
pragma PAGE;
procedure Update Limits (New_Lower_ Limit: in States;
New Upper “Limit: in States) is

begin

Local Limit.Update Limits (New Lower Limit => New_Lower Limit,
New Upper Limit => New Upper_ “Limit);

Local Lower Limit := New_Lower Limit;
ggg Local Upper Limit := New Upper_ Limit;

end Update Limits;
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pragma PAGE;
procedure Update Gain (New_Gain: in Gains) is
begin
Signal Gain := New_Gain;
end Update Gain;

pragma PAGE;
function Integrate (Signal : Signals) return States is

New Gained Signal : Gained_Signals := Signal * Signal Gain;
New_Gained Total : Gained _Signals :=

Nev Gained _Signal + Previous_Gained_Input;
Output_Signal : States;

begin

- —-=if within limit or
- - (beyond limi1 and new input brings ouiput within limit) then
- -- integrate new oulput

if
(Local Limit_Flag Setting = Within Limit or else
(Local Limit Flag Setting = At PosTtive Limit and then
Nev Gained Total < 0.0) or else
(Local Limit_FIag Setting = At Negative Limit and then
Nev Gained Total 2 0.0) )
then

Output_Signal := Local Integrator.Integrate (New Gained Signal);
Output Signal t= Local Limit.Limit (Output_ Signal);

if Output_Signal >= Local Upper Limit then
Local Limit Flag Setting := At Positive Limit;
elsif Output_Signal <= Local Lower Limit then
Local _ LimIt _Flag_Setting := At Negative Limit;
else
Local Limit_Flag Setting := Within Limit;
end if;

if Local Limit_Flag Setting /= Within_Limit then

RESET (Integrator_State => Output Signal,
Signal => Signal);

end if;
Previous_Output_Signal := Output_Signal;
else

Output_Signal := Previous_Output_Signal;
Local Integrator.Update
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%V (Current_Indc)endent Value => New Gained Signal);

end if;

Previous Gained Input := New Gained Signal;
return Qutput_Signalj;

end Integrate;

pragma PAGE;
procedure RESET (Integrator_State : in States;
Signal : in Signals) is
Limited_State: States := Local Limit.Limit (Integrator_State);
begin
Previous_Gained Input := Signal * Signal Gain;
Local Integrator.Reinitialize
(Initial Dependent_Value => Integrator_State,
Initial_Independent_Value => Previous_Gained_Input);
end RESET;
AN
® pragma PAGE;
function Limit_Flag Setting return Limit_Relations is
begin
return Local Limit Flag Setting;
end Limit Flag Setting;

end Tustin_Integrator_With Asymmetric_Limit;

q§§
‘
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3.3.6.7 GENERAL PURPOSE MATH (BODY) TLCSC P687 (CATALOG #P28-0)
This TLCSC is a package which consists of two type of subpackages: generic
packages and simple packages which contain generic functions. As a group, the

subpackages provide the general purpose math routines required by the rest of
the math parts.

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

The following chart summarizes the allocation of CAMP requirements to this

Tlecsc:

| Name | Requirements Allocation
Lookup_Table Even_Spacing R118
Lookup_Table_Uneven Spacing R119
Incrementor R120
Decrementor R121
Running Average R142
Change Calculator R113
Accumulator R114
Change Accumulator R115
Integrator R124
Interpolate_or_ Extrapolate R116, R117
Square_Root R123
Root_Sum_Of Squares R122
Sign R224
Mean _Value Kl44
Mean_Absolute Difference R143

3.3.6.7.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.3 INPUT/OUTPUT

None.

3.3.6.7.4 LOCAL DATA

None.
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3.3.6.7.5 PROCESS CONTROL

Not applicable.

3.3.6.7.6 PROCESSING
The following describes the processing performed by this part:

wvith Polynomials;
package body General Purpose Math is

package body Lookup Table Even Spacing is separate;

package bodv Lookup_Table Uneven Spacing is separate;

package body Two_VWay Table_ Lookup is separate;

package body Incrementor is separate;

package body Decrementor is separate;

package body Running Average is separate;

package body Change Calculator is separate;

package body Accumulator is separate; i . é

package body Change Accumulator is separate;

package body Integrator is separate;

function Interpolate or_Extrapolate
(Input : in Independent_Type;
Lower_Independent : in Independent Type;
Higher_Independent : in Independent_Type;
Lover_Dependent ¢ in Dependent_Type;
Higher Dependent : in Dependent_Type)
return Dependent Type is separate;

package body Square Root is separate;

function Root_Sum_Of Squares (X : Real Type;

Y : Real_Type;

Z : Real Type)

return Real Type is separate;

function Sign (Input _Variable : Real Type) return INTEGER is separate;

function Mean Value (Value Vector : Vector_ Type)
return Element Type is separate;

function Mean_Absolute Difference (Value_Vector : Vector_Type)
return Element_Type is separate; 8

end General Purpose_Math;



CAMP Software Detailed Design Document Page 1333

3.3.6.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.8 LIMITATIONS

None.

3.3.6.7.9 LLCSC DESIGN

3.3.6.7.9.1 LOOKUP_TABLE EVEN_SPACING (BODY) PACKAGE DESIGN (CsTALOG #P29-0)
This LLCSC, which is designed as an Ada generic package, provides the ability
to initialize and search through a table of independent and dependent values
vhich are evenly spaced.

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

3.3.6.7.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R118.

3.3.6.7.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Base Type | Description |
|Independent_Type |generic float|Type for the independent variable|
|Dependent_Type |generic float|Type for the dependent variable |
| Index_Type |generic float|Type for the independent variable|

Data objects:

The following objects were defined in the package specification:
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|Minimum_Independnt|Independent| in |value of the first independent|

| _Value | _Type | | table value
{Maximum_Independnt|Independent| in |value of the last independent |
| _Value | _Type | | table value |

3.3.6.7.9.1.4 LOCAL DATA

None.

3.3.6.7.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.1.6 PROCESSING

The following descriues the processing performed by this part:

separate (General Purpose Math)

package body Lookup Table Even_Spacing is e
-- -- Declaie table step variable and initialize it to the value of the step

-- -- between each successive independent entry

Internal Min_Independent_Value : constant Independent Type
t= Minimum Independent _Value;

Internal Max Independent Value : constant Independent _Type
t= Maximum Independent _Value;
Table Step : Independent Type :=
(Internal Max Independent_Value - Internal Min_Independent_Value)
/ Independent Type (Tables’LENGTH - 1)}

end Lookup Table_Even_Spacing;

3.3.6.7.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.1.8 LIMITATIONS

The exception "Value Out_Of Range" is raised when Lookup is called with a value
outside of the table range.
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3.3.6.7.9.1.9 LLCSC DESIGN

None.

3.3.6.7.9.1.10 UNIT DESIGN
3.3.6.7.9.1.10.1 INITIALIZE UNIT DESIGN

This procedure initializes one row of the table.

3.3.6.7.9.1.10.1.1 REQUIREMENTS ALLOCATION

S se package specification.

3.3.6.7.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.1.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
ITable | Tables | out |Table to be searched |
jIndex |Index Type | in |Row of the lookup table |
|Dependent_Value |Dependent_ | in |The dependent value to

[ | Type | | be inserted into this row|

3.3.6.7.9.1.10.1.4 LOCAL DATA

None.

3.3.6.7.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.1.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure Initialize (Table : out Tables;
Index ¢ in Index Type;
Dependent_Value : in DepenHent_Type) is
begin

Page 1335
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Table (Index)

end Initialize;

:= Dependent Value;

3.3.6.7.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.1.10.1.8 LIMITATIONS

None.

3.3.6.7.9.1.10.2 LOOKUP UNIT DESIGN

Page 1336

This procedure does a lookup of the table and returns the two closest sets of

dependent and independent values; if the key is not in the table range, an
exception is raised.

3.3.6.7.9.1.10.2.1 REQUIREMENTS ALLOCATION

See package specification.

2.3.6.7.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.1.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
Table Tables in Table to be searched
Key Independent_| in The input independent value
Type be inserted into this row
Lower_Independent |Independent | out |T“e lower independent value
Type returned
Higher Independent|Independent | out |Tt.. higher independent value
Type returned
Lover Dependent Dependent_ out |The lower dependent value
B Type returned
Higher Dependent |Dependent _ out |The higher dependent value
B Type returned

§



CAMP Software Detailed Design Document : Page 1337

3.3.6.7.9.1.10.2.4 LOCAL DATA

None.

3.3.6.7.9.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.1.10.2.6 PROCESSING
The following describes the processing performed by this part:

procedure Lookup
(Table
Key
Lover_Independent
Higher Independent
Lower Dependent
Higher _Dependent

in Tables;

in Independent_Type;
out Independent Type,
out Independent Type,
out Dependent Type,
out Dependent Type) is

20 e oo se eo oo

Index ¢t Index_Type;
Temp_Lower Independent : Independent _Type;
Index Float Var : Independent” _Type;
Index Integer Var ¢ INTEGER;

begin
- -- Raise exception if Key is outside of table range
if Key < Internal Min Independent_Value or Key > Internal Max Independent Value th
raise Value_ Out Of _Range;
end if;
- -- Map the key to an index value

14

Index_Float Var := (Key - Internal Min Independent Value) / Table_Step;
Index Integer Var := INTEGER (Tndex Float _Var);

if Index Float_Var >= Independent_Type (Index_Integer Var) then
Index Integer Var := Index Integer Var + 1;
end if;

Index := Index_Type’VAL (Index Integer Var);

- -- Adjust the index value if the key was mapped to the last entry
if Index = Index_Type’LAST then
Index := Index Type’PRED (Index);
end if;

— -- Return the table values

Temp_Lower_Independent := Internal Min_Independent_Value +
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8
(Independent Type (Index Type’POS (Index) - Index Type'tf
(Index_Type'FIRST)) *
Table Step);

Temp_Lower_Independent;

Lover Independent B
Temp_Lower_Independent + Table_ Step;

Higher Independent :=
Table (Index);

Lowver Dependent
Table (Index Type’SUCC(Index));

Higher Dependent :

end Lookup;

3.3.6.7.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.1.10.2.8 LIMITATIONS

The exception "Value Out_Of Range" is raised if the input key is outside the
table range.

3.3.6.7.9.1.10.3 LOOKUP UNIT DESIGN
This procedure does a lookup of the table and returns the two closest sets of

dependent and independent values and a flag specifying whether the key is
below, within, or above the table range.

/SN~

3.3.6.7.9.1.10.3.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.1.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.1.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:
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| Name | Type | Mode | Description |

| Table | Tables in The table to be searched

Key | Independent_| in The input independent value
Type be inserted into this row

Lover _Independent |Independent | out |[The lower independent value
Type returned

|Higher Independent|Independent | out |The higher independent value
Type returned

Lover Dependent Dependent _ out |The lower dependent value
Type returned

Higher Dependent Dependent_ out |The higher dependent value
Type returned

Key Location Key_Range_ out |Specifies whether the key
Flag is above, in, or below

the table range

3.3.6.7.9.1.10.3.4 LOCAL DATA

None.

3.3.6.7.9.1.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.1.10.3.6 PROCESSING
The following describes the processing performed by this part:

procedure Lookup
(Table
Key
Lover Independent
Higher Independent
Lover Dependent
Higher Dependent
Key_Location

in Tables;

in Independent_Type;
out Independent_Type;
out Independent Type;
out Dependent_Type;
out Dependent Type;
out Key Range Flag) is

Index : Index_Type;
Temp_Lower_Independent : Independent Type;
Index_Float_Var : Independent Type;
Index_Integer Var : INTEGER;

begin

- -- Return the first two rows of the lookup table if Key is below table range
if Key < Internal Min_Independent_Value then
Key Location := Below_Table Range;

Lover_Independent := Internal Min Independent_Value;
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Higher Independent

Lower Dependent

Higher Dependent :

y

:= Internal Min _Independent Value + Table Step;

Table (Index_Type’FIRST);
Table (Index Type’SUCC(Index_Type’FIRST));

- -~ Return the last two rows of the lookup table if Key is above table range

elsif Key > Internal Max_ Independent Value then

Key Location := Above Table_Range;

Lover Independent

:= Internal Max Independent Value - Table Step;

Higher Independent := Inrernal Max Independent “Value;

Lover Dependent

= Table (Index_Type’PRED(Index_Type’LAST));

Higher Dependent := Table (Index Type’LAST),

- -- Key is in table range, so map the key to an index value and return the
-- -- corresponding values

else

Key Location := In_Table_Range;

- -- Map the Key to an Index value ‘

Index_Float_Var := (Key - Internal Min_Independent_Value) / Table_Step;
Index Integer Var := INTEGER (Index Float _Var);

if Index Float_Var >= Independent Type (Index_Integer Var) then
Index Integer Var

end if;

t= Index_Integer_Var + 1;

Index := Index Type’VAL (Index_ Integer Var);

- -- Adjust the Index if it has been mapped to the last entry

if Index = Index_Type’LAST then
Index := Index_Type’PRED (Index);

end if;

- -- Return the table values

Temp_Lower_Independent := Internal Min_Independent Value +

POS(Index_Type’FIRST)) *

Lower_Independent

(Independent” _Type (Index” _Type’ ?0¢ (Index) - Index Tyj
Table_Step);

:= Temp_Lowver_Independent;

Higher Independent := Temp Lover Independent + Table Step;

Lower Dependent
Higher Dependent

end if;

Table (Index); 4
Table (Index_Type’SUCC(Index));
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end Lookup;

3.3.6.7.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.1.10.3.8 LIMITATIONS

None.

3.3.6.7.9.2 LOOKUP_TABLE_UNEVEN SPACING (BODY) PACKAGE DESIGN (CATALOG #P30-0)
This LLCSC, which is designed as an Ada generic package, provides the ability
to initialize and search through a table of independent and dependent values
vhich are unevenly spaced.

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

3.3.6.7.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R119.

3.3.6.7.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Base Type | Description |
| Dependent_Type |generic float|Type for the dependent variable |
|Independent_Type |generic float|Type for the independent variable|
|Index_Type |generic float|Type for the independent variable|

Data objects:

The following table describes the generic formal objects required by this part:
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[Minimum Independnt|Independent| in |value of the first independent]

| _Value | Type | | table value
|Maximum_Independnt|In3ependent| in |value of the last independent |
| _Value | _Type | | table value |

3.3.6.7.9.2.4 LOCAL DATA

None.

3.3.6.7.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.2.6 PROCESSING

The following describes the processing performed by this part:
separate (General Purpose Math)

package body Lookup Table Uneven_Spacing is

end Lookup_Table Uneven Spacing;

3.3.6.7.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.2.8 LIMITATIONS

None.

3.3.6.7.9.2.9 LLCSC DESIGN

None.

3.3.6.7.9.2.10 UNIT DESIGN
3.3.6.7.9.2.10.1 INITIALIZE UNIT DESIGN

This procedure initializes one row of the table.

AL,
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3.3.6.7.9.2.10.1.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.2.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Table |Tables | out |The lookup table |
| Index |Index Type | in  |Row of the lookup table |
|Independent_Val' 'Independent_| in |The independent value to |
,  Type | | be inserted into this row|
|
I

|Dependent_Value |Dependent_ in |The dependent value to |
| | Type | be inserted into this row|

3.3.6.7.9.2.10.1.4 LOCAL DATA

None.

3.3.6.7.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.2.10.1.6 PROCESSING
The following describes the processing performed by this part:

procedure Initialize
(Table
Index
Independent_Value
Dependent_Value

out Tables;

in Index Type;

in Independent Type;
in Dependent_Type) is

begin

Table (Index).Independent Entry := Independent Value;
Table (Index).Dependent_ Entry := Dependent_Value;

end Initialize;
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3.3.6.7.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.2.10.1.8 LIMITATIONS

None.

3.3.6.7.9.2.10.2 LOOKUP UNIT DESIGN

This procedure does a lookup of the table and returns the two closest sets of
dependent and independent values; if the input key is outside the table range,
an exception will be raised.

3.3.6.7.9.2.10.2.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.2.10.2.3 INPUT/OQUTPUT ‘
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

Table Tables in Lookup table to be searched

Key Independent | in The input independent value
Type be inserted into this row

Lowver_Independent |Independent | out |The lower independent value
Type returned

Higher_Independent|Independent_| out |The higher independent value
Type returned

Lower_Dependent Dependent _ out |The lower dependent value
Type returned

Higher Dependent |Dependent_ out |The higher dependent value
Type returned

3.3.6.7.9.2.10.2.4 LOCAL DATA

None.
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3.3.6.7.9.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.2.10.2.6 PROCESSING
The following describes the pro-~essing performed by this part:

procedure Lookup
(Table : in Tables;
Key in Independent Type;
Lower_Independent out Independent Type;
Higher Independent : out Independent Type;
Lover Dependent out Dependent_Type;
Higher _Dependent out Dependent Type) is

ee oo ee sa e

Index : Index_Type;
begin
- -- Raise an exception if the inpt key is outside of the table range

if Key < Table (Index Type’FIRST).Independent Entry or
Key > Table (Index _Type’ LAST) . Independent Entry then

raise Value Out_Of Range;

end if;

- -- Search through the table until the independent entry is greater than
- -- or equal to the Key or have gone through the entire table (actually
- -- go through one less row than the whole table since we return two rows)
Index := Index_Type’SUCC(Index_Type’FIRST);
loop
exit vhen (Table (Index).Independent Entry >= Key);
Index := Index Type’SUCC (Index);

end loop;

= -- Return the table values

Lover Independent := Table (Index_Type’PRED(Index)).Independent Entry;
Lover Dependent := Table (Index _Type’PRED(Index)).Dependent Entry,

Higher Independent := Table (Index).Independent Entry;
Higher_Dependent := Table (Index).Dependent Entry,

end Lookup;
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3.3.6.7.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.2.10.2.8 LIMITATIONS

The exception "Value Out Of Range" is created if Key flag) is outside of the
Table range

3.3.6.7.9.2.10.3 LOOKUP UNIT DESIGN
This procedure does a lookup of the table and returns the two closest sets of

dependent and independent values along with a flag which the table range, an
exception will be raised.

3.3.6.7.9.2.10.3.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.2.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.2.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
Table Tables in Lookup table to be searched
Key Independent_| in The input independeit value
Type be inserted into this row
Lowver_Independent |Independent | out |The lower independent value
Type returned
Higher Independent|Independent | out |The higher independent value
Type returned
Lower_Dependent Dependent _ out |The lower dependent value
Type returned
Higher Dependent |Dependent_ out |The higher dependent value
Type returned
Key Location Key Range out |Specifies whether the key
- Flag is above, in, or below
| the table range
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'qqi
‘ 3.3.6.7.9.2.10.3.4 LOCAL DATA
None.
3.3.6.7.9.2.10.3.5 PROCESS CONTROL
Not applicable.
3.3.6.7.9.2.10.3.6 PROCESSING
The following describes the processing performed by this part:
procedure Lookup
(Table : in Tables;
Key : in Independent_Type;
Lover_ Independent : out Independent Type;
Higher Independent : out Independent Type;
Lover Dependent : out Dependent Type;
Higher _Dependent : out Dependent Type;
Key_Locatlon : out Key Range Flag) is
Index : Index_Type;
begin
., R -- This routine first checks to make sure that the Key is within the Table
- -- range; if it is lLelow, return the first twvo rows; if it is above, return
- -- the last two row;; if it is within the range, find which rows it is between
- -- and return those two rovs
if Key < Table (Index_Type’FIRST).Indeprndent Entry then
- -- Return the first two rows of the table if key is less than first entry
Key_Location := Below Table Range;
Lower_Independent := Table (Index Type’FIRST). Independent Entry;
Higher Independent := Table (Index _Type’SUCC (Index Type'FIﬁST)) Independent E
ry;

Lower Dependent := Table (Index_Type’FIRST). Dependent Entry;
Higher Dependent := Table (Index _Type’SUCC (Index_Type’FIRST)). Dependent _Entry

elsif Key > Table (Index_Type’LAST).Independent_Entry then
-— -- Return the last .two rows of the table if key is greater than last entry
Key Location := Above Table Range;
Lowver_Independent := Table (Index Type’'PRED (Index Type’LAST)). Independent En
Higher Independent := Table (Index_Type’LAST). Independent Entry;

Lower Dependent := Tauie (Index Type’PRED (Index Type'LAST)). Dependent Entry;
Higher _Dependent := Table (Index _Type’LAST). Dependent _Entry;

else
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- -- Search through the table until the independent entry is greater than
- -- or equal to the Key or have gone through the entire table

Key Location := In Table Range;

Index := Index Type’SUCC(Index Type’FIRST);

loop
exit vhen (Table (Index).Independent Entry >= Key);
Index := Index Type’SUCC (Index);

end loop;

- -- Return the table values

Lover Independent := Table (Index_Type’PRED(Index)).Independent Entry;
Lower Dependent := Table (Index Type’PRED(Index)).Dependent Entry;

Higher Independent := Table (Index).Independent Entry;
Higher Dependent := Table (Index).Dependent Entry;

end if;

end Lookup;

3.3.6.7.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.2.10.3.8 LIMITATIONS

None

3.3.6.7.9.3 INCREMENTOR (BODY) PACKAGE DESIGN (CATALOG #P31-0)

This generic package provides the capability to initialize and/or reinitialize
a variable to be incremented, select a value to be used as an incrementor, and
increment the variable accordingly.

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

3.3.6.7.9.3.1 REQUIREMENTS ALLOCATION

This LLCSC meets CAMP requirement R120.

e o
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3.3.6.7.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Base Type | Description

|Real _Type |gener float| Type of the incrementor variable

Data objects:

Page 1349

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

| Name | Type |Mode| Description

|Initial Value’ |Real Type | in |Initial incrementor value

|Increment_Amount |Real Type | in [Amount by which to increment

3.3.6.7.9.3.4 LOCAL DATA
Data objects:

The following data objects are maintained by this package:

| Name | Type | Description |
|Increment |Real Type |Storage of the incremented variable |
| Variable | |
|Amount_of _ |Real Type |Storage of increment amount |
| Increment | |
3.3.6.7.9.3.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.3.6 PROCESSING
The following describes the processing performed by this part:

separate (General Purpose Math)
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package body Incrementor is

—- -~ Declare the Incrementor and amount of increment object and initialize them
-~ -- to values given during instantiation

Amount_of Increment : Real Type := Increment_Amount;
Increment Variable : Real Type := Initial Value;

end Incrementor;

3.3.6.7.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.3.8 LIMITATIONS

None.

3.3.6.7.9.3.9 LLCSC DESIGN

None.

3.3.6.7.9.3.10 UNIT DESIGN e
3.3.6.7.9.3.70.1 REINITIALIZE UNIT DESIGN

This procedure reinitializes the increment variable and the increment amount.

3.3.6.7.9.3.10.1.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.3.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Initial_Value |Real Type | in  |Initial value for incrementor| @
|Increment_Amount |Real Type | in  |Amount by which to increment |
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3.3.6.7.9.3.10.1.4 LOCAL DATA

None.

3.3.6.7.9.3.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.3.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Initial Value : in Real Type;
Increment_Amount : in Real Type) is
begin
Increment Variable := Initial Value;

Amount_of Increment := Increment_Amount;

end Reinitialize;

3.3.6.7.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.3.10.1.8 LIMITATIONS

None.

3.3.6.7.9.3.10.2 INCREMENT UNIT DESIGN

This procedure increments the stored increment variable by the increment amount
and returns the new value of the increment variable.

3.3.6.7.9.3.10.2.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.3.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:
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The following table describes this unit’s formal parameters:

3.3.6.7.9.3.10.2.4 LOCAL DATA

None.

3.3.6.7.9.3.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.3.10.2.6 PROCESSING
The following describes the processing performed by this part:

function Increment return Real Type is
begin

== -- Increment and return new value

Increment Variable := Increment_Variable + Amount_of Increment;
return Increment Variable;

end Increment;

3.3.6.7.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements defined in this part’s parent
component and used by this part:

Data types:

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

Data objects:

The following table summarizes the LLC objects required by this part:

Page 1352
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| Name | Type | Description |
| Increment Variable | Real Type | Variable being incremented |
| Amount_of Increment | Real Type | Amount by which incrementor is |

| I l increased each time |

3.3.6.7.9.3.10.2.8 LIMITATIONS

None.

3.3.6.7.9.4 DECREMENTOR (BODY) PACKAGE DESIGN (CATALOG #P32-0)

This generic package provides the capability to initialize and/or reinitialize
a variable that is to be decremented, select a value to be used as an
decrementor, and decrement the variable accordingly.

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

3.3.6.7.9.4.1 REQUIREMENTS ALLOCATION

This LLCSC meets CAMP requirement R121.

3.3.6.7.9.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.4.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Base Type | Description |

Data objects:

The following table describes the generic formal objects required by this part:
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| Name | Type |Mode | Description |
[Initial Value |Real Type | in |Initial decrementor value |
|Decrement _Amount |Real Type | in |Amount by which to decrement |

3.3.6.7.9.4.4 LOCAL DATA
Data objects:

The following table describes the object used local to this package:

| Name | Type | Description

| Decrement lReél_Type |Storage of the decremented variable
| Variable |

|Amount of |Real Type |Storage of decrement amount

| Decrement |

3.3.6.7.9.4.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.4.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpose Math)

package body Decrementor is
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-- -~ Each of these objects is initialized to the value given during instantiation

Amount_of Decrement : Real Type := Decrement_Amount;
Decrement Variable : Real Type := Initial Value;

end Decrementor;

3.3.6.7.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.7.9.4.8 LIMITATIONS

None.

3.3.6.7.9.4.9 LLCSC DESIGN

None.

3.3.6.7.9.4.10 UNIT DESIGN
3.3.6.7.9.4.10.1 REINITIALIZE UNIT DESIGN
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This procedure reinitializes the decrement variable and the decrement amount.

3.3.6.7.9.4.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R121.

3.3.6.7.9.4.10.1.2 LOCAL ENTITTES DESIGN

None.

3.3.6.7.9.4.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Initial Value |Real Type | in  |Initial value for decrementor|
|Decrement_Amount |Real Type | in |Amount by which to decrement |

3.3.6.7.9.4.10.1.4 LOCAL DATA

None.

3.3.6.7.9.4.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.4.10.1.6 PROCESSING
The following describes the processing performed by this part:

in Real Type;

procedure Reinitialize (Initial Value .
in Real Type) is

Decrement_Amount
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begin
Decrement Variable := Initial Value;
Amount_of_Decrement := Decrement_Amount;

end Reinitialize;

3.3.6.7.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF LLC ELEMENTS:

The following tables describe the elements defined in this part’s parent
component and used by this part:

Data types:

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

| Name | Description |
| Element_Type | Type of the Decrementor variable |
Data objects: ﬁ

The following table summarizes the LLC objects required by this part:

| Name | Type | Description |
| Decrement Variable | Real Type | Variable being decremented |
| Amount_of Decrement | Real Type | Amount by which decrementor is |

|

| | | decreased each time

3.3.6.7.9.4.10.1.8 LIMITATIONS

None.

3.3.6.7.9.4.10.2 DECREMENT UNIT DESIGN

This procedure decrements the stored decrement variable by the decrement amount
and returns the new value of the decrement variable.

3.3.6.7.9.4.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R121.
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3.3.6.7.9.4.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.4.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|<returned value> |Real Type | out |new value of decrement var. |

3.3.6.7.9.4.10.2.4 LOCAL DATA

None.

3.3.6.7.9.4.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.4.10.2.6 PROCESSING
The following describes the processing performed by this part:

function Decrement return Real Type is
begin

- -- Decrement and return new value

Decrement Variable := Decrement Variable - Amount_of Decrement;
return Decrement_Variable;

end Decrement;

3.3.6.7.9.4.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.4.10.2.8 LIMITATIONS

None.
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9
3.3.6.7.9.5 RUNNING AVERAGE (BODY) PACKAGE DESIGN (CATALOG #P33-0)
This generic package provides the capability to initialize a sum and/or a count
and to maintain a running average. A reinitialization routine is provided to
reinitialize the sum and count. An averaging routine is provided to perform
the running sum.
The decomposition for this part is the same as that shown in the Top-Level
Design Document.
3.3.6.7.9.5.1 REQUIREMENTS ALLOCATION
This part meets CAMP requirement R142
3.3.6.7.9.5.2 LOCAL ENTITIES DESIGN
None.
3.3.6.7.9.5.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:
The following generic formal parameters were defined in this LLC's package e
specification: .
| Name | Base Type]| Description |
|Real Type |gen. float| Type of the running average var. |

e ——— — — — — —— i s i e it e e ——— — —— — -

Data objects:

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

| Name | Type | Mode | Description |
[Initial Sum |Real Type | in |Initial running sum |
|Initial Count | INTEGER | in |Initial _# of data points |
Subprograms:

The following table describes the generic formal subprograms required by this
LLCSC:

| Name | Type | Description |

[*/" |function | Real Type := Real Type / Integer |

g%
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3.3.6.7.9.5.4 LOCAL DATA
Data objects:

The following data objects are defined local to this part:

| Name | Type | Description |
| Sum |Real Type |Sum of all measurements to this point |
jCount {Real_Type |Number of measurements to this point |

3.3.6.7.9.5.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.5.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpogse Math)

package body Running Average is

-~ —-- Declare Sum and Count variable and initialize them to values.given at

-- -- instantiation

Sum : Real Type := Initial Sum;
Count : INTEGER := Initial Count;

end Running Average;

3.3.6.7.9.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.5.8 LIMITATIONS

None.

3.3.6.7.9.5.9 LLCSC DESIGN

None.

3.3.6.7.9.5.10 UNIT DESIGN

Page 1359
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3.3.6.7.9.5.10.1 REINITIALIZE UNIT DESIGN

This procedure reinitializes the running sum and count along with the type of
actions that will be requested (i.e., Sum, Count, or both)

3.3.6.7.9.5.10.1.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.5.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.5.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Initial Sum |Real Type | in |Starting sum |
|Initial Count |Real Type | in  |Starting count |

3.3.6.7.9.5.10.1.4 LOCAL DATA

None.

3.3.6.7.9.5.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.5.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Initial Sum : in Real Type;
Initial Count : in INTEGER) is
begin

Sum := Initial Sum;
Count := Initial Count;

end Reinitialize;

R
e
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3.3.6.7.5.5.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.5.10.1.8 LIMITATIONS

None.

3.3.6.7.9.5.10.2 REINITIALIZE UNIT DESIGN

This procedure reinitializes the count.

3.3.6.7.9.5.10.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.5.10.2.2 LOCAL “NTITIES DESIGN

None.

3.3.6.7.9.5.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|Initial_Count {Real Type | in |Starting count |

3.3.6.7.9.5.10.2.4 LOCAL DATA

None.

3.3.6.7.9.5.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.5.10.2.6 PROCESSING
The following describes the processing performed by this part:

procedure Reinitialize (Initial Count : in INTEGER) is
begin

Count := Initial Count;
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end Reinitialize;

3.3.6.7.9.5.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.5.10.2.8 LIMITATIONS

None.

3.3.6.7.9.5.10.3 CURRENT_AVERAGE UNIT DESIGN

This unit calculates the current running average given input of a new value.

3.3.6.7.9.5.10.3.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.5.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.5.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

I Name | Type | Mode | Description |
[New_Value jReal Type | in  |New value to sum |
[<returned value> |Real Type | out |New running average

3.3.6.7.9.5.10.3.4 LOCAL DATA

None.

3.3.6.7.9.5.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.5.10.3.6 PROCESSING
The following describes the processing performed by this part: @

function Current_Average (New_Value : Real Type) return Real Type is
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begin
- -- Do average calculation

Sum + Newv Value;
Count + 1;

Sum =
Count :=

return Sum / Count;

end Current_Average;

3.3.6.7.9.5.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.5.10.3.8 LIMITATIONS

None.

3.3.6.7.9.6 ACCUMULATOR PACKAGE DESIGN (CATALOG #P34-0)

This generic package provides a set of operations for maintaining an
accumulation of a subject variable.

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

This part meets CAMP requirement R114.

3.3.6.7.9.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.6.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following generic formal types were defined in this LLCSC’s package
specification:

| Name | Base Type | Description |

|Element_Type |generic float|Type of the variable being 1
| | accumulated.
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Data objects:

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

[Initial Value |Real Type | in |Initial accumulator value |
3.3.6.7.9.6.4 LOCAL DATA

Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
|Accumulated_Value|Element_Type|Current value of the accumulator |
3.3.6.7.9.6.5 PROCESS CONTROL

Not applicable. q

3.3.6.7.9.6.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpose Math)

package body Accumulator is

-- -- Declare accumulator variable and set it to the value given during
-- -- instantiation

Accumulated_Value : Element_Type := Initial Value;
end Accumulator;

3.3.6.7.9.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.6.8 LIMITATIONS

None. Qﬁ
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S
oS 3.3.6.7.9.6.9 LLCSC DESIGN

None.

3.3.6.7.9.6.10 UNIT DESIGN
3.3.6.7.9.6.10.1 REINITIALIZE UNIT DESIGN

This procedure is used to reinitialize the accumulator variable.

3.3.6.7.9.6.10.1.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.6.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.6.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

Gfl The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|Initial Value |Element_Type| in |Value to which accumulator |
| | [ | will be initialized |

3.3.6.7 9.6.10.1.4 LOCAL DATA

None.

3.3.6.7.9.6.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.6.10.1.6 PROCESSING
The folloving describes the processing‘performed by this part:
procedure Reinitialize (Initial Value : in Element_Type) is
begin
ﬁﬁ& Accumulated Value := Initial Value;

end Reinitialize;
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3.3.6.7.9.6.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.6.10.1.8 LIMITATIONS

None.

3.3.6.7.9.6.10.2 ACCUMULATE UNIT DESIGN

This unit is a function which adds an input value to the Accumulator

3.3.6.7.9.6.10.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.6.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.6.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS: €

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|New_Value |Element Type| in  |Value to which accumulator

I | I | is set |

3.3.6.7.9.6.10.2.4 LOCAL DATA

None.

3.3.6.7.9.6.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.6.10.2.6 PROCESSING

The following describes the processing performed by this part:

procedure Accumulate (New_Value : in Element_Type) is Q&

begin

-- -- Add input value to accumulator
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Accumulated Value := Accumulated Value + New Value;

end Accumulate;

3.3.6.7.9.6.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.6.10.2.8 LIMITATIONS

None.

3.3.6.7.9.6.10.3 ACCUMULATE UNIT DESIGN

This unit is a function which adds an input value to the Accumulator and
returns the new accumulator value.

3.3.6.7.9.6.10.3.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.6.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.6.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

I Name | Type | Mode | Description |
|New _Value |Element_Type| in  |Value to which accumulator |
| I is set |

3.3.6.7.9.6.10.3.4 LOCAL DATA

None.

3.3.6.7.9.6.10.3.5 PROCESS CONTROL

Not applicable.
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3.3.6.7.9.6.10.3.6 PROCESSING
The following describes the processing performed by this part:

procedure Accumulate
(New_Value ¢ in Element Type;
Retrieved Value : out Element Type) is
begin
- -~ Add input value to accumulator
Accumulated Value := Accumulated Value + New Value;
- -- return new accumulator value

Retrieved Value := Accumulated Value;

end Accumulate;

3.3.6.7.9.6.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.6.10.3.8 LIMITATIONS

None.

3.3.6.7.9.6.10.4 RETRIEVE UNIT DESIGN

This unit is a function which returns the current value of the accumulator.

3.3.6.7.9.6.10.4.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.6.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.6.10.4.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|<returned value> |Element_Type| out |[Current value of Accumulator|

- e ————— ——————————— ——
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3.3.6.7.9.6.10.4.4 LOCAL DATA

None.

3.3.6.7.9.6.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.6.10.4.6 PROCESSING
The following describes the processing performed by this part:
function Retrieve return Element_Type is
begin
- -- Retrieve Accumulator Value;
return Accumulated Value;

end Retrieve;

3.3.6.7.9.6.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.6.10.4.8 LIMITATIONS

None.

3.3.6.7.9.7 CHANGE ACCUMULATOR PACKAGE DESIGN (CATALOG #P36-0)

This generic package combines the operations of a change calculator and an
accumulator; i.e., it provides a set of operations for maintaining the running
accumulation of a change to a subject variable.

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

3.3.6.7.9.7.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R115.

3.3.6.7.9.7.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.7.9.7.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following generic formal types were defined in this LLCSC’s package
specification:

|Element_Type |generic float|Type of the variable being |
l | | accumulated and tracked |

Data objects:

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

| Name | Type |Mode | Description |
|Initial PV |Element _Typ| in |Initial previous value |
|Initial_Accumula- |Element Typ| in |Initial accumulator value |
|  tor_Value | |

3.3.6.7.9.7.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

| Name | Type | Description |
|Previous_Value |Element_Type|Change calculator variable |
|Accumulator |Element Type|Accumulator variable |
|PV_Is Initialized|BOOLEAN |Flag determining if the Previous |
| Value variable is initialized |
|Accumulator_is_ |BOOLEAN |Flag determining if the Accumulator |
| Initialized | | variable is initialized |

3.3.6.7.9.7.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.7.6 PROCESSING
The following describes the processing performed by this part:

separate (General Purpose Math)

Ak
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package body Change Accumulator is

-- -- Declare accumulator and previous value objects and initialize them to
-- -- values given during instantiation

Initial Accumulator Value;

Accumulator : Element Type : _
Initial Previous_Value;

Previous Value : Element:Type ;

end Change_Accumulator;

3.3.6.7.9.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.8 LIMITATIONS

None.

3.3.6.7.9.7.9 LLCSC DESIGN

None.

®F

3.3.6.7.9.7.10 UNIT DESIGN
3.3.6.7.9.7.10.1 REINITIALIZE UNIT DESIGN

This procedure is used to initialize the accumulator

3.3.6.7.9.7.10.1.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.7.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

§§‘ |Initial Accumulatr|Element Type| in  |Value to which accumulator |
| | _Value | [ | will be initialized |
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3.3.6.7.9.7.10.1.4 LOCAL DATA

None.

3.3.6.7.9.7.10.1.5 PROCESS CONTROL

Not appliczable.

3.3.6.7.9.7.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Initial_Accumulator_Value : in Element_Type) is
begin
Accumulator := Initial Accumulator Value;

end Reinitialize;

3.3.6.7.9.7.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.10.1.8 LIMITATIONS

None.

3.3.6.7.9.7.10.2 REINITIALIZE UNIT DESIGN

This procedure is used to initialize the accumulator and previous value
variable.

3.3.6.7.9.7.10.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.7.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:
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| Name |  Type | Mode | Description |
|Initial_Accumulatr|Element_Type| in |Value to which accumulator |
| _Value | | | will be initialized |
|Initial Previous_ |Element_Type| in |[Value to which previous |
| Value | | | value will be initialized|

3.3.6.7.9.7.10.2.4 LOCAL DATA

None.

5.3.6.7.9.7.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.7.10.2.6 PROCESSING
The following describes the processing performed by this part:

procedure Reinitialize (Initial Accumulator Value : in Element_Type;
Initial_Previous_VaIue ¢ in Element_Type) is

begin
Previous Value := Initial Previous Value;
Accumulator := Initial_Accumulator Value;

end Reinitialize;

3.3.6.7.9.7.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.10.2.8 LIMITATIONS

None.

3.3.6.7.9.7.10.3 ACCUMULATE_CHANGE UNIT DESIGN

Page 1373

This unit is a function which accumulates the change in the subject variable.

3.3.6.7.9.7.10.3.1 REQUIREMENTS ALLOCATION

None.
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3.3.6.7.9.7.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name |  Type | Mode | Description |
|New_Value |[Element_Type| in  |New value of the subject |
| | | |  variable |

3.3.6.7.9.7.10.3.4 LOCAL DATA

None.

3.3.6.7.9.7.10.3.5 PROCESS CONTROL
Not applicable. . é

3.3.6.7.9.7.10.3.6 PROCESSING
The following describes the processing performed by this part:

procedure Accumulate Change (New_Value : in Element_Type) is
begin

- -- Add change to accumulator and reset PV

Accumulator := Accumulator + New _Value - Previous Value;
Previous Value := Nevw Value;

end Accumulate_Change;

3.3.6.7.9.7.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.10.3.8 LIMITATIONS

None.
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3.3.6.7.9.7.10.4 ACCUMULATE _CHANGE UNIT DESIGN

This unit is a procedure which accumulates the change in the subject variable
and returns the new value of the accumulator.

3.3.6.7.9.7.10.4.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.7.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.4.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|New_Value |Element_Type| in |New value of the subject

|Retrieved_Accumu- |Element Type| out |New accumulator value
| lator_Value |

|
| variable |
|
I

3.3.6.7.9.7.10.4.4 LOCAL DATA

None.

3.3.6.7.9.7.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.7.10.4.6 PROCESSING
The following describes the processing performed by this part:
procedure Accumulate Change
(New_VaIue : in Element_Type;
Retrieved Accumulator Value : out Element Type) is
begin
- -- Add change to accumulator and reset PV

Accumulator := Accumilator + New_Value - Previous Value;
Previous_Value := New_value;

- -- Return new accumulated value
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Retrieved Accumulator Value := Accumulator;

end Accumulate_Change;

3.3.6.7.9.7.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.10.4.8 LIMITATIONS

None.

3.3.6.7.9.7.10.5 RETRIEVE_ACCUMULATION UNIT DESIGN

This unit is a function which returns the current value of the accumulated
change to the subject variable.

3.3.6.7.9.7.10.5.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.7.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.5.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

|<returned value> |Element Type| out |Current value of Accumulator|

—— et i e e e D A T T S i e e e D T S e S Sy e e o

3.3.6.7.9.7.10.5.4 LOCAL DATA

None.

3.3.6.7.9.7.10.5.5 PROCESS CONTROL

Not applicable.
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Ao
v 3.3.6.7.9.7.10.5.6 PROCESSING
The following describes the processing performed by this part:
function Retrieve_Accumulation return Element Type is
begin
return Accumulator;
end Retrieve Accumulation;
3.3.6.7.9.7.10.5.7 UTILIZATION OF OTHER ELEMENTS
None.
3.3.6.7.9.7.10.5.8 LIMITATIONS
None.
3.3.6.7.9.7.10.6 RETRIEVE_PREVIOUS VALUE UNIT DESIGN
This unit is a function which returns the value of the Previous Value variable.
th

3.3.6.7.9.7.10.6.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.7.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.7.10.6.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description

|<returned value> |Element_Type| out |Current value of PV variable|

3.3.6.7.9.7.10.6.4 LOCAL DATA

@ None.
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3.3.6.7.9.7.10.6.5 PROCESS CONTROL

Nr.t applicable.

3.3.6.7.9.7.10.6.6 PROCESSING
The following describes the processing performed by this part:
function Retrieve_Previous_Value return Element Type is
begin
return Previous_Value;

end Retrieve Previous Value;

3.3.6.7.9.7.10.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.7.10.6.8 LIMITATIONS

None.

3.3.6.7.9.8 CHANGE_CALCULATOR PACKAGE DESIGN (CATALOG #P35-0)

This generic package provides a set of operations for tracking the change in a
given variable.

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

3.3.6.7.9.8.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R113.

3.3.6.7.9.8.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.8.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following data types are defined in the LLCSC specification: ;ﬁ
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Base Type | Description |

------------- [ mmmmmem e ma e mm e
generic float|Type of the variable being trackd|

3.3.6.7.9.8.4 LOCAL DATA
Data objects:

The following data objects are maintained by this part:

Type | Description

| Previous_Value Element_Type|Value which is stored for comparison
| | later on

3.3.6.7.9.8.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.8.6 PROCESSING

The following describes the processing performed by this part:
separate (General Purpose Math)

package body Change Calculator is

—- -- Declare previous value object and initialize it to value specified
-- -- during instantiation

Previous_Value : Element_Type := Initial Value;

end Change Calculator;

3.3.6.7.9.8.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.8.8 LIMITATIONS

None.
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3.3.6.7.9.8.9 LLCSC DESIGN

None.

3.3.6.7.9.8.10 UNLT DESIGN
3.3.6.7.9.8.10.1 REINITIALIZE UNIT DESIGN

This procedure is used to reinitialize the previous value variable.

3.3.6.7.9.8.10.1.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.8.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.8.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name - | Type | Mode Description

I
- I
|Initial Value |Element_Type| in |Value to which Prev_Value
| | ! | will be initialized

3.3.6.7.9.8.10.1.4 LOCAL DATA

None.

3.3.6.7.9.8.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.8.10.1.6 PROCESSING
The following describes the processing performed by this part:
procedure Reinitialize (Initial Value : in Element Type) is
begin
Previous Value := Initial Value;

end Reinitialize;
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3.3.6.7.9.8.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.8.10.1.8 LIMITATIONS

None.

3.3.6.7.9.8.10.2 CHANGE UNIT DESIGN

This unit is a function which -- compu.es and returns the change in the
Previous Value variable since the last call to this function; and -- set the
value of Previous Value to the input value.

3.3.6.7.9.8.10.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.8.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.8.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|New_Value |[Element_Type| in |Value to which Prev_Value |
| | | | 1is compared and set to |
|<returned value> |Element Type| out |Change in value since the |
| | | | last call to this functn |

3.3.6.7.9.8.10.2.4 LOCAL DATA
Data objects:

The following data objects are maintained by this unit.

Element_Type|Calculated change since Previous_Val]
| was last updated. |
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3.3.6.7.9.8.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.8.10.2.6 PROCESSING
The following describes the processing performed by this part:
function Change (New_Value : Element_Type) return Element Type is
Change Amount : Element_Type;
begin
- -~ Calculate change and update Previous_Value

Change Amount := New Value - Previous_Value;
Previous Value := New _Value;

- -- return Change
return Change_Amount;

end Change;

3.3.6.7.9.8.10.2.7 UTILIZATION OF OTHER ELEMENTS ‘%

None.

3.3.6.7.9.8.10.2.8 LIMITATIONS

None.

L4

3.3.6.7.9.8.10.3 RETRIEVE_VALUE UNIT DESIGN

This unit is a function which returns the current value of the Previous Value
variable.

3.3.6.7.9.8.10.3.1 REQUIREMENTS ALLOCATION

None.

3.3.6.7.9.8.10.3.2 LOCAL ENTITIES DESIGN

None.

%
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3.3.6.7.9.8.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

|
| =mmmmmmmmm e |=mmmmmmmeee p—— | memnee
|Element_Type| out [Current value of Prev_Value |

3.3.6.7.9.8.10.3.4 LOCAL DATA

None.

3.3.6.7.9.8.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.8.10.3.6 PROCESSING
The following describes the processing performed by this part:
functior Retrieve Value return Element Type is
begin .
return Previous_Value;

end Retrieve Value;

3.3.6.7.9.8.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.8.10.3.8 LIMITATIONS

None.

3.3.6.7.9.9 INTEGRATOR (BODY) PACKAGE DESIGN (CATALOG #P37-0)

This generic package provides the capability to manage a data value and
integrate it across time.

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

This LLCSC meets CAMP requirement R124.

3.3.6.7.9.9.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.9.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Base Type | Description |
|Dependent_Type |generic float|Type of the dependent variable |
| Independent_Type |generic float|Type of the independent variable |
|Time_Interval |generic float|Type of the delta time variable |

Data objects:

The following objects were defined in the package specification:

| Name | Type | Description |
|Initial Independ- |Independent_ |Initial value for independent |
| ent Value | Type | variable |
|Initial Dependent |Dependent  |Initial value for dependent |
|  Value | Type | variable |

I

|Pefault_Delta Time|Time_Interval|Default time between integration

3.3.6.7.9.9.4 LOCAL DATA
Data objects:

The following data objects are maintained by this package:

| Name | Type | Description |
|Dependent_Value |Dependent_ |Last value of the dependent variable |
Type | |

|Previous_Inde- |Independent |Last value of the independent var. |
I

| pendent Value | Type |
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3.3.6.7.9.9.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.9.6 PROCESSING

The following describes the processing performed by this part:
separate (General Purpose Math)

package body Integrator is

-- -- Declare the dependent and independent objects and initialize them to the
-- -- values specified at instantiation

Dependent_Value : Dependent Type := Initial Dependent_Value;
Previous_Independent_Value : Independent Type := Initial Independent Value;

end Integrator;

3.3.6.7.9.9.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.9.8 LIMITATIONS

None.

3.3.6.7.9.9.9 LLCSC DESIGN

None.

3.3.6.7.9.9.10 UNIT DESIGN
3.3.6.7.9.9.10.1 REINITIALIZE UNIT DESIGN

This procedure reinitializes the integrator.

3.3.6.7.9.9.10.1.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.9.10.1.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.7.9.9.10.1.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Initial Dependent_ |Dependent_ | in  |Initial value for dependent |
| Value | Type [ |  variable |
|Initial Indepen- _|Independent | in  |Initial value for |
| dent_Value | Type | | independent variable |

3.3.6.7.9.9.10.1.4 LOCAL DATA

None.

3.3.6.7.9.9.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.9.10.1.6 PROCESSING %
The following describes the processing performed by this part:
procedure Reinitialize (Initial Dependent Value : in Dependent_Type;
Initial_Independent_Value : in Independent_Type) is
begin

Dependent Value := Initial_Dependent Value;
Previous_Independent_Value := Initial Independent Value;

end Reinitialize;

3.3.6.7.9.9.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.9.10.1.8 LIMITATIONS

None.

3.3.6.7.9.9.10.2 UPDATE UNIT DESIGN

This procedure updates the value of the independent value without integrating
the dependent value across time. 883
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3.3.6.7.9.9.10.2.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.9.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.9.10.2.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Current_Indepen- _|Independent | in  |Initial value for
| dent_Value | Type | | independent variable |

3.3.6.7.9.9.10.2.4 LOCAL DATA

None.

2.3.6.7.9.9.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.9.10.2.6 PROCESSING
The following describes the processing performed by this part:

procedure Update (Current_Independent_Value : in Independent_Type) is
begin

Previous_Independent Value := Current_Independent Value;

end Update;

3.3.6.7.9.9.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.9.9.10.2.8 LIMITATIONS

None.
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3.3.6.7.9.9.10.3 INTEGRATE UNIT DESIGN

This function performs a trapezoidal integration across the specified time
interval (the time interval can default).

3.3.6.7.9.9.10.3.1 REQUIREMENTS ALLOCATION

See package specification.

3.3.6.7.9.9.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.9.10.3.3 INPUT/OUTPUT
FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Current_Indepen- |Independent | in  |New value of independent |
| dent Value |  Type | | variable |
[Delta_Time [Time_Intervl| in |Time interval to integrate |
|<returned value> |Dependent_ | out |New value of dependent |

| Type | | variable |

3.3.6.7.9.9.10.3.4 LOCAL DATA

None.

3.3.6.7.9.9.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.9.10.3.6 PROCESSING
The following describes the processing performed by this part:

function Integrate (Current_Independent Value : Independent Type;
Delta TIme : Time_Interval := Default Delta Time)
return Dependent Type is

begin

- -- Integrate nev independent value across specified time interval
Dependent Value := Dependent Value

+_((Previous_IndepenHent_Value + Current_Independent_Value) * 0.5)
* Delta_Time;
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- -- Update previous independent value and return nev dependent value

Previous_Independent Value := Current_Independent Value;
return Dependent Value;

end Integrate;

3.3.6.7.9.9.10.3.7 UTILIZATICN OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMFONENT:

The following tables describe the elements defined in this part’s parent
component and used by this part:

Data types:

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

| Name | Description |
|Dependent_Type | Type of the dependent variable |
|Independent_Type | Type of the independent variable |
|Time_Interval | Type of the delta time variable |

Data objects:

The following table summarizes the LLC objects required by this part:

| Name | Type | Description |
|Default Delta_ |Time_ |Default time interval sepecified |
| Time | Interval | during package instantiation |
|Dependent_Value |Dependernt_ |Last value of the dependent variable |

Type I I
|Previous_Inde- |Indepencent_|Last value of the independent var. |
| pendent_Value | Type | |

3.3.6.7.9.9.10.3.8 LIMITATIONS

None.

3.3.6.7.9.10 TWO_WAY TABLE LOOKUP (BODY) PACKAGE DESIGN (CATALOG #P1078-0)

This package provides a general two way table lookup. These routines allow the
table to be created and initialized, or an already existing table may be used.
Either variable type may be looked up in the table. The routines return a
single value, interpolated or extrapolated as necessary.
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&
The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.7.9.10.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.7.9.10.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.9.10.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

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

| Name | Type | Description |

| Indices | INTEGER or Enumerated | Type to index the table |

| X Values | PLOAT | Type of 1 table value | ‘ﬁ
| Y Values | FLOAT | Type of other table value |

| Real | FLOAT | Type for intermediate calculations |
Subprograms:

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

—— e . s s S - — —— — - - o 0 - — e

| Name | Type | Description |
| "/" | function | Divide operator for X Values / Y Values => Real !
| "/" | function | Divide operator for Y Values / X Values => Real |
| "/" | function | Divide operator for X Values / X Values => Y Values |
| "/™ | function | Divide operator for Y Values / Y Values => X Values |
| "*" | function | Multiply operator for X Values * Y Values => Real |
| "*#" | function | Multiply operator for Y Values * X Values => Real |

3.3.6.7.9.10.4 LOCAL DATA
Data types:

The following table describes the data types defined by this part:
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| X Arrays | Indices | Array type for 1 type of values in table |
| Y _Arrays | Indices | Array type for other type of values in table |
| Tables | Indices | Type for Table of X and Y arrays '

Data objects:

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

3.3.6.7.9.10.5 PROCESS CONTROL

Not applicable.

3.3.6.7.9.10.6 PROCESSING
The following describes the processing performed by this part:

separate (General Purpose Math)
package body Two_Way Table Lookup is

function Inter_or_Extra X is nev General Purpose Math.
Interpolate_or Extrapolate
(Independent Type => Y Values,
Dependent_Type => X Values);

function Inter_or_Extra Y is new General Purpose_ Math.
Interpolate or_ Extrapolate
(Independent Type => X Values,
Dependent_Type => Y Values);

procedure Initialize( Table : out Tables;

Index : in 1Indices;
X : in X Values;
T ¢ in Y Values ) is

begin
Table.Table X( Index ) := X;
Table.Table Y( Index ) := Y;
end Initialize;

function Lookup X ( Table : Tables;
Input : Y Values ) return X Values is

Higher Dept : X Values;
Higher Indept : Y Values;
Index : Indices;
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Lower Dept : X Values;
Lover Indept : Y Values;
Result : X Values;
begin

if

if the input value is out of bounds, then extrapolate for the
required value

Input < Table.Table Y( Indices’FIRST) then

Lover Indept:= Table.Table Y( Indices’FIRST );

Higher Indept := Table.Table Y( Indices’SUCC(Indices’FIRST) );

Lower Dept:= Table.Table X( Indices’FIRST );

Higher Dept := Table.Table X( Indices’SUCC(Indices’FIRST) );

Result := Inter_or_Extra_X? Input => Input,
Lowver_Independent => Lower_Indept,
Higher Independent => Higher Indept,
Lowver Dependent => Lower_Dept,
Higher Dependent = Higher Dept );

elsif Input > Table.Table Y( Indices’LAST) then

Higher Indept := Table.Table_Y( Indices’LAST );

Lover_Indept := Table.Table Y( Indices’PRED(Indices’LAST) );

Higher Dept := Table.Table X( Indices’LAST );

Lover Dept := Table.Table X( Indices’PRED(Indices’LAST) );

Result := Inter_or_Extra X( Input => Input,
Lover_Independent => Lower Indept,
Higher Independent => Higher Indept,
Lover Dependent => Lower_Dept,
Higher_Dependent => Higher Dept );

else -- the input value is in the bounds of the table

-- Search through the table until the independent entry is greater than
or equal to the Key (Input) value. Note that the value will be

-~ found in the table since out-of-bounds values have already been

-- checked for. Start with the successor of the first element so that
-- PRED will be defined if Input is equal to the first element.

Index := Indices’SUCC( Indices’FIRST );
Find Value:
loop
exit when (Table.Table Y( Index ) >= Input);
Index := Indices’SUCC( Index );
end loop Find Value;

-- Save the table values.

Lover Indept := Table.Table Y( Indices’PRED(Index) );
Lower_Dept = Table.Table X( Indices’PRED(Index) );

Higher Indept := Table.Table Y( Index );
Higher Dept := Table.Table X( Index );

-~ Check to see if the value needs to be interpolated - that is,
—- if the value is not equal to one of the boundary values.

if (Input = Higher Indept) then

1392
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Result := Higher Dept;
elsif (Input = Lower Indept) then
Result := Lover Dept;
else -- Value is between, so interpolate
Result := Inter or_Extra X( Input => Input,
Lower_Independent => Lower_Indept,
Higher Independent => Higher Indept,

Lowver Dependent => Lower_Dept,
Highe?_Dependent => Higher Dept );
end if; -- Value is between, so interpolate
end if; -- the input value is in the bounds of the table

return Result;
end Lookup X;

function Lookup Y ( Table : Tables;
Input : X Values ) return Y Values is

Higher Dept : Y Values;

Higher Indept : X Values;

Index : Indices;

Lower Dept : Y Values;

Lover_Indept : X Values;

Result : Y Values;
begin

-- if the input value is out of bounds, then extrapolate for the
-- required value

if Input < Table.Table X( Indices’FIRST) then

Lover_Indept:= Table.Table X( Indices’FIRST );

Higher Indept := Table.Table X( Indices’SUCC(Indices’FIRST) );

Lover_Dept:= Table.Table Y( Indices’FIRST );

Higher Dept := Table.Table Y( Indices’SUCC(Indices’FIRST) );

Result := Inter_or_ Extra_Y( Input => Input,
Lover_Independent => Lower_Indept,
Higher Independent => Higher Indept,
Lover_Dependent => Lower_Dept,
Higher Dependent => Higher Dept );

elsif Input > Table.Table X( Indices’LAST) then

Higher Indept := Table.Table X( Indices’LAST );

Lover_Indept := Table.Table X( Indices’PRED(Indices’LAST) );

Higher Dept := Table.Table Y( Indices’LAST );

Lover Dept := Table.Table ¥( Indices’PRED(Indices’LAST) );

Result := Inter_or Extra Y( Input => Input,
Lover_Independent => Lower_Indept,
Higher Independent => Higher Indept,
Lover_Dependent => Lover Dept,
Higher Dependent => Higher Dept );

else -- the input value is in the bounds of the table

-- Search through the table until the independent entry is greater than
-- or equal to the Key (Input) value. Note that the value will be

-- found in the table since out-of-bounds values have already been

-- checked for. Start with the successor of the first element so that
-- PRED will be defined if Input is equal to the first element.
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Index := Indices’SUCC( Indices’FIRST );
Find_Value:
loop
exit when (Table.Table X( Index ) >= Input);
Index := Indices’SUCC( Index );
end loop Find Value;

— -- Save the table values.

Lower_Indept := Table.Table X( Indices’PRED(Index)
Lower Dept := Table.Table Y( Indices’PRED(Index)

t? “ous?
-s we

Higher Indept := Table.Table_X( Index );
Higher Dept := Table.Table_Y( Index );

-- -- Check to see if the value needs to be interpolated - that is,
- -- if the value is not equal to one of the boundary values.

if (Input = Higher Indept) then
Result := Higher Dept;

elsif (Input = Lovwer_Indept) then
Result := Lower Dept;

else -- Value is between, so interpolate
Result := Inter or Extra_Y( Input => Input,
Lover_Independent => Lower Indept,
Higher Independent => Higher Indept, é
Lover Dependent =) Lover_ﬁept,
Higher Dependemt => Higher Dept );
end if; -- Value is betwveen, so interpolate
end if; -~ the input value is in the bounds of the table

return Result;
end Lookup Y;

end Two Way Table Lookup;

3.3.6.7.9.10.7 UTILIZATION OF OTHER ELEMENTS
UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsevhere 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 |

| Interpolate or Extrapolate | function | General | Allows interpolation or|

| | Purpose_ | extrapolation to return| 33
I I I

Math | a single value |
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3.3.6.7.9.10.8 LIMITATIONS

None.

3.3.6.7.9.10.9 LLCSC DESIGN

None.

3.3.6.7.9.10.10 UNIT DESIGN

None.

3.3.6.7.10 UNIT DESIGN
3.3.6.7.10.1 INTERPOLATE OR_EXTRAPOLATE (BODY) UNIT DESIGN (CATALOG #P39-0)

This part is a generic function which computes the linear interpolation between
two values.

3.3.6.7.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R116.

3.3.6.7.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.10.1.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Base Type | Description |
|Independent_Type |generic float|Type of the independent variables|
| Dependent_Type |generic float|Type of the dependent variable |
|Dependent over |generic float|Result of Dependent / Independent|

| Independent Type| | |

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:
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| Name | Type | Description |
| "/ | function |Dependent_Over Independent_Type := |
| | | Dependent Type / Independent _Type |
| | function |Dependent Type := Dependent Over |
I I

| | Independent _Type * Independent _Type

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name |  Type | Mode | Description

|Input Independent| in | Independent value for which a
| | dependent value is returned

|Lower Independent |Independent| in | Lower independent value

|H1gher Independent |Independent| in | Higher independent value

| Lower _ Dependent Dependent | in | Lower dependent value

|Higher Dependent |Dependent | in | Higher depe.. nt value

|<return value> Dependent | out | Computed interpolated value

3.3.6.7.10.1.4 LOCAL DATA

None.

3.3.6.7.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.7.10.1.6 PRGCESSING

The following describes the processing performed by this part:

separate (General Purpose Math)

function Interpolate or Extrapola
(Input
Lover_Independent
Higher Independent
Lover_Dependent
Higher Dependent
return Dependent_Type

begin

return Lower Dependent +

te
in
in
in
in
in
is

Independent_Type;
Independent_Type;
Independent Type°
Dependent Type,
Dependent_Tvpe)
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((Input - Lower Independent) / (Higher Independent - Lower _Independent)
* (Higher_Dependent - Lower_Dependent)};

end Interpolate or Extrapolate;

V- IN

¢
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3.3.6.7.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.10.1.8 LIMITATIONS

None.

3.3.6.7.10.2 SQUARE ROOT (BODY) UNIT DESIGN (CATALOG #P40-0)

This generic function computes the Square Root of a value.

3.3.6.7.10.2.1 REQUIREMENTS ALLOCATION

This LLCSC meets CAMP requirement R123.

3.3.6.7.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.10.2.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

Page 1397

| Name | Type | Description

| Inputs | floating point | Data type of input va.iues

| Outputs | floating point | Data type of output values

| Real | floating point | Unconstrained type for intermediate
| | calculations

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
| Input | Inputs ! in | Input value to square root operation |
| <return value> | Outputs | cut | Result of square root operation |
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3.3.6.7.10.2.4 LOCAL DATA
Data objects:

The following table summarizes the data objects maintained by the Sqrt function
contained in this package:

| Name | Type | Description |

| Ansver | Outputs | Square root of input value |

3.3.6.7.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.7.10.2.6 PROCESSING
The following describes the processing performed by this part:

with Polynomials;
separate (General Purpose Math)
package body Square Root Is

package System is new Polynomials.System Functions.Square_Root
(Inputs => Real,
Qutputs => Real);
function Sqrt (Input : Inputs) return Qutputs is
Answver : Outputs;
begin
Answer := Qutputs(System.Sqrt(Real(Input)));
return Ansver;
exception
vhen others => raise Negative Input;
end Sqrt;

end Square_Root;

3.3.6.7.10.2.7 UTILIZATION OF OTHER ELEMENTS

The following Library Units are with’ed by this unit:
1. Polynomials (Poly). contains Square Root function
UTILIZATION OF EXTERNAL ELEMENTS:

Subprograms and task entries:

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

The exception "Negative Input" is raised if "Input" is negative.

3.3.6.7.10.3 ROOT_SUM OF _SQUARES (BODY) UNIT DESIGN (CATALOG #P41-0)

This generic function computes the root sum of squares of three input input
values.

3.3.6.7.10.3.1 REQUIREMENTS ALLOCATION

This LLCSC meets CAMP requirement R228.

3.3.6.7.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.10.3.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Bas Type | Description |
|Real Type |generic float|Type of the resultant variable |
| Squared_Type |generic float|Type of the input variable |
Subprograms:

The following table summa... =s the genaric formal subroutines required by this
part:

| Name | Type | Description |

FORMAL PARAMETERS:
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Qﬁ
The following table describes this unit’s formal parameters:
| Name | Type | Mode | Description |
[ X {Real Type | in  |First of the three input vars |
|Y |Real Type | in  |Second of the three input vars |
|2 |Real Type | in  |Third of the three input vars |
|<return value> |[Real Type | out |Resultant root sum of squares |
3.3.6.7.10.3.4 LOCAL DATA
None.
3.3.6.7.10.3.5 PROCESS CONTROL
Not applicable.
3.3.6.7.10.3.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpose_Math) ' "

function Root_Sum_Of Squares (X : Real Type;
Y : Real Type;
Z : Real Type)
return Real Type is
begin
return Sqrt (X*X + Y*Y 4+ Z%Z);

end Root_Sum_Of Squares;

3.3.6.7.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.10.3.8 LIMITATIONS

None.

3.3.6.7.10.4 SIGN (BODY) UNIT DESIGN (CATALOG #P42-0)

This unit is a generic function which determines the sign of an input value; it
returns -1 if input is negative, 1 if non-negative
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3.3.6.7.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R224,

3.3.6.7.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7.10.4.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

I Name | Base Type | Description |

| Real Type |generic float|Type of the input variable |

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |

| Input |Real Type | in  |Number for which absolute value |
| 1is to be computed

|<return value> |INTEGER | out |-1 if negative; 1 othervise |

3.3.6.7.10.4.4 LOCAL DATA
Data objects:

The following data objects are maintained by this unit:

| Name | Type | Description |

|Result_Value | INTEGER |Stores result |

3.3.6.7.10.4.5 PROCESS CONTROL

Not applicable.
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3.3.6.7.10.4.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpose Math)
function Sign (Input_Variable : Real Type) return INTEGER is
Result Value : INTEGER;
begin
if Input_Variable >= 0.0 then
Result Value := 1;
else
Result Value := -1;
end if;
return Result Value;

end Sign;

3.3.6.7.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.10.4.8 LIMITATIONS

None.

3.3.6.7.10.5 MEAN_VALUE (BODY) UNIf DESIGN (CATALOG #P43-0)

This unit is a generic function which computes the average value of a vector of
numbers. The vector is unconstrained; i.e., a different number of elements can
be averaged each time that the function is called.

3.3.6.7.10.5.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R144.

3.3.6.7.10.5.2 LOCAL ENTITIES DESIGN

None.
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3.3.6.7.10.5.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| Name | Base Type | Description |
|Element_Type |generic float|Type of the elements averaged |
| Index_Type |Discrete |Type of index to vector |
l
I

|Vector_Type | ARRAY |Array of "Element Type" with
| | [ "Index_Type" as the index

Subprograms:

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

| Name | Type | Description |

WA |function| Element_Type := Element_Type / INTEGER |

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name | Type | Mode | Description |
|Value_Vector |Vector_Type | in |Values to be averaged
|<return value> |Element _Type| in  |Average of input values |

3.3.6.7.10.5.4 LOCAL DATA
Data objects:

The following data objects are maintained by this unit:

| Name | Type | Description |
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3.3.6.7.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.7.10.5.6 PROCESSING
The folloving describes the processing performed by this part:
separate (General Purpose Math)
function Mean Value (Value Vector : Vector_Type) return Element _Type is
Running Sum : Element_Type := 0.0;
begin
-- -- Sum the values in the input vector
for Index in Value_Vector’RANGE loop
Running Sum := Running Sum + Value Vector (Index);
end loop;
-- -- Calculate and return the average value
return Runnihg_Sum / Element_Type (Value_Vector’LENGTH);

end Mean Value:

3.3.6.7.10.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.10.5.8 L_IMITATIONS

None.

3.3.6.7.10.6 MEAN ABSOLUTE DIFFERENCE (BODY) UNIT DESIGN (CATALOG #P44-0)

This unit is a generic function wvhich compn¢e= the mean absolute difference
(MAD) of a vector, i.e., Avg (Abs (Xi - Xavg))

3.3.6.7.10.6.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R143.
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3.3.6.7.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.7..0.6.3 INPUT/OUTPUT
GENERIC PARAMETERS:
Data types:

The following types were defined in the package specification:

| | | "Index Type" as the index

| Name | Base Type | Description |
’ |Element_Type |generic float|Type of the elements averaged
| Index_Type |Discrete |Type of index to vector |
|Vector Type | ARRAY |Array of "Element Type" with
l

-

Subprograms:

The following table summarizes the generic formal subroutines required by this

part:
| Name | Type | Description |

(A | function| Element_Type := Element_Type / INTEGER |

FORMAL PARAMETERS:

The following table describes this unit’s formal parameters:

| Name |  Type | Mode | Description l
|Value_Vector |[Vector_Type | in  |Input values |
|<return value> |Element_Type| in  |MAD of input vector |

3.3.6.7.10.6.4 LOCAL DATA
Data objects:

The following data objects are maintained by this unit:
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i

| Name | Type | Description |

|Average |Element _Type| Average value of the input vector |

|One_Over N |Element_Type| 1 / N (N = _# of values in the input |
| | | vector)

|Running Sum |Element Type| Running sum of the vector’s values

|
|Total Difference |Element Type| Running sum of the absolute |
| | | difference between Xi and Xavg |

3.3.6.7.10.6.5 PROCESS CONTROL

Not applicable.

3.3.6.7.10.6.6 PROCESSING
The following describes the processing performed by this part:
separate (General Purpose Math)

function Hean_Absolute_Differencé (Value_Vector : Vector_Type)
return Element_Type is

Average
One_Over N
Running Sum
Total Difference

Element_Type; . : i
Element_Type;
Element_Type
Element_Type

s oo o8 oo

begin
-- -- Set up static value used twice

One_Over N := 1.0 / Element_Type (Value Vector’Length);

-- -- Calculate the average vector value
for Index in Value Vector’/RANGE loop
Running Sum := Running_Sum + Value Vector (Index);
end loop;

Average := Running_Sum * One_Over N;

-~ -- Calculate and return the MAD
for Index in Value Vector’/RANGE loop
Total Difference := Total _Difference + Abs (Value Vector (Index) - Average); q&

end loop;
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return Total Difference * One_Over N;

end Mean Absolute Difference;

3.3.6.7.10.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.7.10.6.8 LIMITATIONS

None.
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with Polynomials;
package body General Purpose_ Math is
package body Lookup Table Even Spacing is separate;

package body Lookup Table Uneven Spacing is separate;

package body Two Way Table Lookup is separate;
package body Incrementor is separate;
package body Decrementor is separate;
package body Running Average is separate;
package body Change Calculator is separate;
package body Accumulator is separate;
package body Change Accumulator is separate;
package bcdy Integrator is separate;

function Interpolate Or_Extrapolate
(Input in Independent_Type;
Lover_Independent in Independent Type,
Higher Independent : in Independent _Type;
Lover Dependent in Dependent Type,
Higher Dependent in Dependent " Type)
return Dependent _Type is separate;

package body Square_Root is separate;
function Root_Sum Of Squares (X : Real Type;
Y : Real Type;
Z : Rea2l Type)
return “:al Type is separate;
function Sign (Input_Variable : Reai Type) return INTEGER is separate;

function Mean Value (Value_Vector : Vector_ Type)
return Element _Type is separate;

function Mean_Absolute Difference (Value Vector : Vector_Type)
return Element _Type is separate;

end General Purpose Math;
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separate (General Purpose Math)
package body Lookup_Table Even Spacing is

—-- ~= Declare 1able step variable and initialize it 1o the value of the step
—— —- between each successive independent entry

Internal Min Independent Value : constant Independent _Type

t= Minimum Independent _Value;
Internal Max Independent_Value : constant Independent_Type

:= Maximum_Independent Value;

Table_Step : Independent Type :=
(Internal Max Independent_Value - Internal Min_Independent Value)
/ Independent Type (Tables’LENGTH - 1)}

pragma PAGE;
procedure Initialize (Table : out Tables;
INDEX : in Index Type;
Dependent Value : in Dependent_Type) is
begin
Table (INDEX) := Dependent_Value;
end Initialize;
pragma PAGE;
procedure Lookup : e
(Table in Tables;
Key in Independent_Type;

out Independent Type,
out Independent Type'
out Dependent Type,
out Dependent Type) is

Lover_Independent
Higher Independent
Lover_Dependent
Higher Dependent

INDEX : Index_Type;
Temp_Lower Independent : Independent Type;
Index_Float_Var : Independent_Type;
Index_Integer Var ¢ INTEGER;

begin
- —— Raise exception if Key is outside of 1able range

if Key < Internal Min_Independent Value or Key > Internal Max Independent Value the
raise Value_ Out _of Range,
end if;
4
-- -— Map ihe key 10 an index value

Index Float Var := (Key - Internal Min _Independent Value) / Table_Step;
Index Integer Var := INTEGER (Index Float _Var);

if Index Float_Var >= Independent Type (Index_Integer Var) then
Index_Integer Var := Inder_Integer Var + 1; Qﬂﬁ
end if;

INDEX := Index_Type’VAL (Index_Integer Var);
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o

- —-= Adjust the index value if the key was mapped 1o the last entry

if INDEX = Index Type’LAST then
INDEX := Index_Type’PRED (INDEX);
end if;

— —— Return the 1able values

Temp_Lover_Independent := Internal Min_Independent_Value +
(Independent” _Type (Index _Type’POS (INDEX) - Index_Type’P(
(Index_Type’FIRST)) *
Table_Step);

Lower _Independent := Temp Lower_Independent;
Higher Independent := Temp_ Lower Independent + Table_Step;

Lower Dependent := Table (INDEX);
Higher Dependent := Table (Index Type’SUCC(INDEX));

end Lookup;
pragma PAGE;
procedure Lookup

(Table in Tables;
Akt Key in Independent_Type;
) Lover_Independent out Independent Type,

Higher _Independent
Lower Dependent
Higher_Dependent
Key_ Location

out Independent_Type;
out Dependent Type,
out Dependent Type,
out Key Range Flag) is

INDEX : Index Type;
Temp_Lover_Independent : Independent _Type;
Index Float Var : Independent Type,
Index_Integer_Var ¢ INTEGER;

begin
- —= Retumn the first wo rows of the lookup table if Key is below table range
if Key < Internal Min Independent_Value then
Key Location := Below_Table Range;

Lover Independent := Internal Min Independent Value;
Higher_Independent := Internal _ “Min~ _Independent_ “Value + Table _Step;

Lover Dependent := Table (Index_Type’FIRST);
Higher Dependent := Table (Index_Type’SUCC(Index_Type’FIRST));

- —- Return the last two rows of the lookup table if Key is above table range
§$ elsif Key > Internal Max Independent_Value then

Key _Location := Above_Table Range;
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g
Lower Independent := Internal Max Independent Value - Table Step; =
Higher Independent : Internal _Max Independent Value,

Lower Dependent := Table (Index_Type’PRED(Index_Type’LAST));
Higher Dependent := Table (Index Type'LAST),

-- -- Key is in table range, so map the key 1o an index value and return the
-- -- corresponding values
else

Key_Location := In_Table Range;

- -~ Map the Key 1o an Index value

Index Float Var := (Key - Internal Min Independent _Value) / Table_Step;
Index Integer Var := INTEGER (Index Float _Var);

if Index Float _Var >= Independent _Type (Index Integer Var) then
Index Integet Var := Index Integer Var + 1;
end if;

INDEX := Index_Type’VAL (Index_Integer Var);

- ~= Adjust the Index if it has been mapped 10 the last entry e
if INDEX = Index Type’LAST then
INDEX := Index _Type’ PRED (INDEX);
end if;

— —— Return the 1able values

Temp_Lover_Independent := Internal Min_Independent_Value +
(Independent Type (Index ' _Type’P0OS (INDEX) - Index_Type
POS(Index_Type’FIRST)) *
Table_Step);

Lover_Independent := Temp_Lower_ Independent;
Higher_Independent := Temp Lowver Independent + Table_Step;

Lover Dependent := Table (INDEX);
Higher Dependent := Table (Index_Type’SUCC(INDEX));

end if;
end Lookup;

end Lookup Table Even Spacing;



Sl

CAMP Software Detailed Design Document Page 1413

separate (General Purpose Math)

package body Lookup Table Uneven Spacing is

pragma PAGE;
procedure Initialize
(Table : out Tables;
INDEX : in Index_Type;
Independent Value : in Independent_Type;
Dependent Value : in Dependent Type) is
begin
Table (INDEX).Independent Entry := Independent Value;
Table (INDEX).Dependent Entry := Dependent Value;
end Initialize;
pragma PAGE;
procedure Lookup
(Table in Tables;
Key in Independent_Type;

out Independent Type;
out Independent Type;
out Dependent_Type;
out Dependent Type) is

Lover _Independent
Higher Independent
Lower_Dependent
Higher Dependent

INDEX : Index_Iype;
begin
—= Raise an exception if the input key is outside of the table range

if Key < Table (Index_Type’FIRST).Independent Entry or
Key > Table (Index_Type'LAST).Independent_ﬁntry then

raise Value Out_Of Range;
end if;
-— Search through the table until the independent entry is greater than
-~ or equal to the Key or have gone through the entire table (actually
-— go through one less row than the whole table since we return two rows)
INDEX := Index_Type’SUCC(Index Type'’FIRST);
loop
exit vhen (Table (INDEX).Independent Entry >= Key);
INDEX := Index Type’SUCC (INDEX);

end loop;

—— Return the table values

Lover_Independent := Table (Index_ Type’PRED(INDEX)).Independent Entry;
Lover Dependent := Table (Index_Type’PRED(INDEX)).Dependent Entry;
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Higher Independent :
Higher Dependent

end Lookup;

procedure Lookup
(Table :
Key
Lover_Independent
Higher_Independent
Lowver Dependent
Higher Dependent
Key Location

INDEX : Index Type;

begin

and return those two rows

Table (INDEX).
Table (INDEX).

in

in

out
out
out
out
out

Page 1414

Independent Entry;
Dependent_Entry;

pragma PAGE;

Tables;
Independent_Type;
Independent_Type;
Independent_Type;
Dependent_Type;
Dependent_Type;
Key Range Flag) is

This routine first checks 10 make sure that the Key is within the Table
range; if it is below, return the first two rows; if it is above, return
the last two rows:; if it is within the range, find which rows it is between

if key < Table (Index_Type’FIRST).Independent Entry then

-— —~~ Return the first wo rows of the table if key is less than first entry

Key Location := Below_Table Range;

Lover_Independent
Higher Independent

Lower Dependent

t= Table (Index_Type’FIRST). Independent Entry;
:= Table (Index Type’SUCC (Index_Type’FIRST)). Independent_ Er

:= Table (Index Type’FIRST). Dependent Entry;

e
T

Higher_Dependent := Table (Index_Type’SUCC (Index_Type’FIRST)). Dependent Entry;

elsif Key > Table (Index_Type’LAST).Independent_Entry then

- —— Return the last two rows of the table if key is greater than last entry

Key Location := Above Table Range;

Lover_Independent

Higher_Independent := Table (Index_Type’LAST). Independent Entry;

Lover Dependent

Higher Dependent := Table (Index:Type'LAST). Depeﬁdent_Entry;

else

- ~~ Search through the table until the independent entry is greater than
- —— or equal 1o the Key or have gone through the entire table

Key Location := In _Table_Range;

INDEX

:= Index_Type’SUCC(Index_Type’FIRST);

t= Table (Index_Type’PRED (Index_Type’LAST)). Independent Ent

t= Table (Index_Type’PRED (Index_Type’LAST)). Dependent Entry;

&
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loop
exit when (Table (INDEX).Independent Entry >= Key);

INDEX := Index_Type’SUCC (INDEX);

end loop;

——Return the 1able values

Lower_In&ependent := Table (Index_ Type’PRED(INDEX)).Independent Entry;
Lower_Dependent := Table (Index_Type’PRED(INDEX)).Dependent_Entry;

Higher Independent := Table (INDEX).Independent Entry;
Higher Dependent := Table (INDEX).Dependent Entry;

end if;

end Lookup;

end Lookup_Table Uneven_Spacing;
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separate (General Purpose Math)

package body Incrementor is

—— Declare the Incrementor and amount of increment object and initialize them
-~ lo values given during instantiation

Amount Of Increment : Real Type := Increment_Amount;
Increment_Variable : Real Type := Initial Value;

procedure Reinitialize (Initial Value : in Real Type;
Increment_Amount : in Real Type) is
begin
Increment_Variable := Initial Value;
Amount_Of Increment := Increment_Amount;

end Reinitialize;

function Increment return Real Type is
begin

-— Increment and return new value

Page 1416

#

pragma PACE;

pragma PAGE;

Increment Variable := Increment Variable + Améunt_Of_Increment;

return Increment Variable;

end Increment;

end Incrementor;
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separate (General Purpose Math)

package body Decrementor is

—— —— Each of these objects is initialized to the value given during instantiation

Amount_Of Decrement : Real Type := Decrement Amount;
Decrement_Variable : Real Type := Initial Value;

pragma PAGE;
procedure Reinitialize (Initial Value : in Real Type;
Decrement_Amount : in Real Type) is
begin :
Decrement Variable := Initial Value;
Amount_Of Decrement := Decrement_Amount;
end Reinitialize;
pragma PAGE;

function Decrement return Real Type is
begin

- -~ Decrement and return new value

Decrement_Variable := Decrement Variable - Amount_Of Decrement;
return Decrement Variable;

end Decrement;

end Decrementor;
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separate (General Purpose_Math)
package body Running Average is

-— =~ Declare Sum and Count variable and initialize them to values given at
-— —— instantiation

Sum : Real Type := Initial Sum;
COUNT : INTEGER := Initial Count;
pragma PAGE;
procedure Reinitialize (Initial Sum : in Real Type;
Initial Count : in INTEGER) is

begin

Sum  := Initial Sum;
COUNT := Initial Count;

end Reinitialize;

pragma PAGE;
procedure Reinitialize (Initial Count : in INTEGER) is
begin

COUNT := Initial Count;

end Reinitialize;

pragma PAGE;
function Current_Average (New_Value : Real Type) return Real Type is €
begin

- —— Do average calculation

Sum := Sum + New_Value;
COUNT := COUNT + 1;

return Sum / COUNT;

end Current_Average;

end Running Average;
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o separate (General Purpose Math)
package body Accumulator is
—— == Declare accummulator variable and set it to the value given during
-- -~ instanliation
Accumulated Value : Element_Type := Initial Value;
pragma PAGE;
procedure Reinitialize (Initial Value : in Element_Type) is
begin
Accumulated Value := Initial Value;
end Reinitialize;
pragma PAGE;
procedure Accumulate (New Value : in Element_Type) is
begin
- -— Add input value to accumulator
Accumulated_Value := Accumulated Value + New Value;
end Accumulate;
L. pragma PAGE;
D procedure Accumulate
. (Nev_Value : in Element_Type;
Retrieved Value : out Element_Type) is
begin
- -— Add input value to accumulator
Accumulated Value := Accumulated_Value + New_Value;
- -— return new accumulator value
Retrieved Value := Accumulated Value;
end Accumulate;
pragma PAGE;

function Retrieve return Element_Type is
begin
- -- Retrieve Accumulator Value;
return Accumulated Value;

end Retrieve;

§ end Accumulator;
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separate (General Purpose Math)
package body Change Accumulator is

-~ —~ Declare accumulator and previous value objects ana initialize them 10
~-- == values given during instantiation

Initial Accumulator Value;
Initial Previous_Value;

pragma PAGE;
procedure Reinitialize (Initial Accumulator_Value : in Element Type) is

Accumulator : Element_Type :
Previous_Value : Element_Type :

begin
Accumulator := Initial Accumulator_Value;

end Reinitialize;

pragma PAGE;
procedure Reinitialize (Initial Accumulator Value : in Element Type;
Initial_Previous_VaIue : in Element_Type) is
begin
Previous_Value := Initial Previous_Value;
Accumulator := Initial Accumulator_Value;
end Reinitialize; e
pragma PAGE;

procedure Accumulate Change (New_Value : in Element_Type) is
begin

- —-- Add change to accumulator and reset PV

Accumulator := Accumulator + New_Value
Previous_Value := New_Value;

Previous _Value;

end Accuriulate_Change;
pragma PAGE;
procedure Accumulate Change
(New_Value in Element_Type;
Retrieved Accumulator_Value : out Element_Type) is

begin
- —— Add change to accumulator and reset PV

Accumulator t= Accumulator + New Value - Previous Value;
Previous_Value := New_Value;

- ~— Return new accumulated value
Retrieved_Accumulator Value := Accumulator;
end Accumulate_Change;
pragma PAGE; ﬁg

function Retrieve Accumulation return Element_Type is

begin
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return Accumulator;

end Retrieve_Accumulation;
pragma PAGE;

function Retrieve_Previous_Value return Element Type is
begin
return Previous_Value;

end Retrieve Previous Value;

end Change Accumulator;
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separate (General Purpose Math)

package body Change Calculator is

-~ Declare previous value object and initialize it to value specified
-— during instantiation

Previous Value : Element_Type := Initial Value;
pragma PAGE;
procedure Reinitialize (Initial Value : in Element Type) is
begin
Previous Value := Initial Value;
end Reinitialize;
pragma PAGE;

function Change (New Value : Element Type) return Element Type is
Change Amount : Element_Type;

begin
—- Calculate change and update Previous Value

Change_Amount := New Value - Previous_Value;
Previous_Value := New Value;

== return Change
return Change Amount;
end Change;
pragma PAGE;
function Retrieve Value return Element Type is
begin

return Previous Value;

end Retrieve Value;

end Change Calculator;



CAMP Software Detailed Design Document Page 1423

separate (General Purpose Math)
package body Integrator is

—=- —— Declare the dependent and independent objects and initialize them to the
~— —— values specified at instantiation

Dependent_Value . Dependent_Type := Initial Dependent Value;
Previous_Independent_Value : Independent_Type := Initial Independent Value;
pragma PAGE;

procedure Reinitialize (Initial Dependent Value : in Dependent Type;
Initial Independent Value : in Independent Type) is

begin

Dependent_Value := Initial Dependent Value;
Previous_Independent Value := Initial Independent_Value;

end Reinitialize;

pragma PAGE;
procedure Update (Current_Independent Value : in Independent Type) is
begin

Previous_Independent Value := Current_Independent_Value;

end Update;
pragma PAGE;
" function Integrate (Current Independent Value : Independent Type;
Delta_TIme : Time_Interval := Default_Delta_Time)
return Dependent Type is
begin

- -~ Integrate new independent value across specified time interval
Dependent_Value := Dependent Value
+ ((Previous Independent Value + Current_Independent_Value) * 0.5)
* Delta Time,

- -- Updaie previous independent value and return new dependent value

Previous_Independent Value := Current_Independent_Value;
return Dependent Value;

end Integrate;

end Integrator;
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separate (General Purpose Math)

function Interpolate Or Extrapolate
(Input : in Independent_Type;
Lover_Independent : in Independent_Type;
Higher Independent : in Independent_Type;
Lower_Dependent : in Dependent_Type;
Higher Dependent : in Dependent_Type)
return Dependent Type is

begin
return Lover Dependent +
((Input - Lower Independent) / (Higher Independent - Lower _Independent)
* (Higher Depenaent - Lower Dependent)f,

end Interpolate Or_Extrapolate;



CAMP Software Detailed Design Document

with Polynomials;
separate (General Purpose Math)
package body Square Root is

package SYSTEM is new Polynomials.System Functions.Square Root
(Inputs => Real,
Qutputs => Real);

function Sqrt (Input : Inputs) return OQutputs is
Answer : OQutputs;

begin
Answer := Outputs(SYSTEM.Sqrt(Real(Input)));
return Ansver;

exception
vhen others => raise Negative Input;

end Sqrt;

end Square Root;
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separate (General Purpose Math)

function Root_Sum_0f Squares (X : Real Type;
Y : Real Type;
Z : Real Type)
return Real Type is
begin

return Sqrt (X*X + Y*Y + Z*Z);

end Root_Sum_Of Squares;
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separate (General Purpose Math)
function Sign (Input_Variable : Real Type) return INTEGER is
Result Value : INTEGER;
begin
if Input_Variable >= 0.0 then
Result Value := 1;
else
Result Value := -1;
end if;
return Result Value;

end Sign;
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separate (General Purpose Math)
function Mean Value (Value Vector : Vector Type) return Element Type is
Running Sum : Element_Type := 0.0;
begin
—— == Sum the values in the input vector
for INDEX in Value Vector’range loop
Running Sum := Running_Sum + Value Vector (INDEX);
end loop;
-- -- Calculate and return the average value
return Running Sum / Element_Type (Value_Vector’LENGTH);

end Mean Value;



.
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separate (General Purpose Math)

function Mean_Absolute Difference (Value Vector : Vector_Type)
return Element _Type is~

Average : Element_Type;

One_Over N : Element_Type;

Running Sum : Element Type := 0.0;

Total Difference : Element_Type := 0.0;
begin

-— == Set up siatic value used Iwice

One Over N := 1.0 / Element_Type (Value Vector’LENGTH);

-— == Calculate the average vector value
for INDEX in Value Vector’range loop
Running Sum := Running_Sum + Value Vector (INDEX);
end loop;

Average := Running Sum * One_Over N;

-- —=- Calculate and return the MAD
for INDEX in Value Vector’range loop
Total Difference := Total Difference + abs (Value Vector (INDEX) - Average);
end loop;
return Total Difference * One_Over_N;

end Mean Absolute_Difference;
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separate

g
t

(General Purpose Math)

package body Two Way Table Lookup is

function Inter Or_Extra_X is new General Purpose Math.

Interpolate Or Extrapolate
(Independent Type => Y Values,
Dependent_Type => X Values);

function Inter Or_Extra_Y is new General Purpose_Math.

Interpolate Or_Extrapolate
(Independent_Type => X Values,
Dependent Type => Y Values);

procedure Initialize( Table : out Tables;

begin

INDEX : in Indices;
X : in X Values;
Y : in Y Values ) is

Table.Table_X( INDEX ) := X;
Table.Table_Y( INDEX ) := Y;
end Initialize;

function Lookup X ( Table : Tables;
Input : Y Values ) return X Values is
Higher Dept : X Values; %
Higher Indept : Y Values;
INDEX ¢ Indices;
Lover Dept : X Values;
Lover _Indept : Y Values;
Result : X Values;
begin

if

if the input value is out of bounds, then extrapolate for the
required value

Input < Table.Table Y( Indices’FIRST) then

Lower Indept:= Table.Table Y( Indices’FIRST );

Higher Indept := Table.Table _Y( Indices’SUCC(Indices’FIRST) );

Lowver Dept'- Table.Table X( Indices’FIRST );

Higher _Dept := Table. Table X( Indices’SUCC(Indices’FIRST) );

Result := Inter Or_Extra_X{ Input => Input,
Lover_Independent => Lover_Indept,
Higher_Independent => Higher Indept,
Lover Dependent > Lower_Dept,
Higher _Dependent  => Higher Dept );

elsif Input > Table.Table_Y( Indices’LAST) then

Higher Indept := Table. .Table _Y( Indices’/LAST );

Lowver Indept := Table.Table Y( Indices’PRED(Indices’LAST) );

Higher Dept := Table.Table X( Indices’LAST );

Lower_Dept := Table.Table Y( Indices’PRED(Indices’LAST) );

Result := Inter_Or_Extra_X( Input => Input, Q§§
Lover_Independent => Lower_Indept,
Higher Independent => Higher Indept,
Lover_Dependent  => Lower_Dept,
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P Higher Dependent => Higher Dept );
else —— the input value is in the bounds of the table

- ~— Search through the table until the independent eniry is greater than
- —— or equal to the Key (Input) value. Note that the value will be

- ~— found in the 1able since out-of-bounds values have already been
- —-= checked for. Start with the successor of the first element so that
-— —— PRED will be defined if Input is equal to the first element.

INDEX := Indices’SUCC( Indices’FIRST );
Find Value:
loop
exit vhen (Table.Table Y( INDEX ) >= Input);
INDEX := Indices’SUCC( INDEX );
end loop Find Value;

- —— Save the table values.

Lower Indept := Table.Table_Y( Indices’PRED(INDEX) );
Lower Dept := Table.Table X( Indices’PRED(INDEX) );

Higher Indept := Table.Table Y( INDEX );
Higher Dept := Table.Table X( INDEX );

-- ~= Check 10 see if 1he value needs 10 be interpolased - that is,
n. - A —— if the value is not equal to one of the boundary values.

if ‘Input = Higher Indept) then
Result := Higher Dept;
elsif (Input = Lover_ Indept) then
Result := Lover Dept;
else -~ Value is between, so interpolate
Result := Inter Or_Extra X( Input => Input,
Lover Independent => Lower_ Indept,
Higher Independent => Higher_ Indept,
Lower_Dependent => Lover Dept,
Higher Dependent => Higher Dept );
end if; -- Value is between, so interpolate
end if; —— the input value is in the bounds of the 1able
return Result;
end Lookup_ X;

function Lookup Y ( Table : Tables;
Input : X Values ) return Y Values is

Higher Dept : Y Values;
Higher Indept : X Values;
INDEX ¢ Indices;
Lover Dept : Y Values;
Lover_Indept : X Values;
Result : Y Values;

B begin

- ~— if the input value is out of bounds, then extrapolate for the
- -- required value
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if Input < Table.Table X( Indices’FIRST) then

Lower Indept:= Table.Table X( Indices’FIRST );

Higher Indept := Table.Table X( Indices’SUCC(Indices’FIRST) );

Lower Dept:= Table.Table Y( Indices’FIRST );

Higher Dept := Table.Table Y( Indices’SUCC(Indices/FIRST) );

Result := Inter Or_Extra Y( Input => Input,
Lower Independent => Lower_ Indept,
Higher_Independent => Higher _Indept,
Lover_ Dependent =) Lower_Dept,
Higher Dependent => Higher Dept );

elsif Input > Table.Table X( Indices’LAST) then

Higher_Indept := Table.Table X( Indices’LAST );

Lover Indept := Table.Table X( Indices’PRED(Indices’LAST) );

Higher Dept := Table.Table Y( Indices’LAST );

Lower Dept := Table.Table Y( Indices’PRED(Indices’LAST) );

Result := Inter Or_Extra Y( Input => Input,
Lover_Independent s> Lower_ Indept,
Higher Independent => Higher _Indept,
Lower Dependent => Lower_Dept
Higher Dependent => Higher Dept );

else -~ the input value is in the bounds of the table

~— Search through the table until the independent eniry is greater than

~— or equal to the Key (Input) value. Note that the value will be

-~ found in the table since out-of-bounds values have already been e
-~ checked for. Start with the successor of the first element so that

—-- PRED will be defined if Input is equal to the firsi element.

INDEX := Indices’SUCC( Indices’FIRST );
Find_Value:
loop
exit vhen (Table.Table X( INDEX ) >= Input);
INDEX := Indices’SUCC( INDEX );
end loop Find _Value;

—— Save the table values.

Lover_Indept := Table.Table X( Indices’PRED(INDEX) );
Lover Dept := Table.Table _Y( Indices’PRED(INDEX) );

Higher Indept := Table.Table X( INDEX );
Higher Dept := Table. Table_Y( INDEX );

~— Check to see if the value needs to be int polated - that is,
-- if the value is not equal to one of the b: ndary values.

if (Input = Higher Indept) then
Result := Higher Dept;

elsif (Input = Lower_Indept) then
Result := Lower_ Dept;

else —— Value is between, so interpolate
Result := Inter Or Extra_Y( Input => Input, qg
Lowver_Independent => Lower Indept,

Higher Independent => Higher _Indept,
Lower Dependent =) Lower_Dept,
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Higher Dependent
end if; -~ Value is berween, so interpolate
end if; —— the input value is in the bounds of the table
return Result;
end Lookup Y;

end Twvo_Way Table_Lookup;

=> Higher Dept );
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SUPPLEMENTARY

' INFORMATION



DEPARTMENT OF THE AIR FORCE
WRIGHT LABORATORY (AFSC)
EGLIN AIR FORCE BASE, FLORIDA, 32542-5434

- ERRATA. -
. ARG o AD- 17/ ;Mﬂjf 13 Feb 92

susjecT: Removal of Distribution Statement and Export-Control Warning Notices

to: Defense Technical Information Center
ATIN: 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

{. 88-18-Vol-4 ADB 120 251
2. 88-18-Vol-5 . ADB 125 252
3. 88-18-Vol-6 ADB 120 253
4. 88-25-Vol-1 ADB 120 309
&, 88-25-Vol-2 ADB 120 310
©. 88-62-Vol-1 ADB 129 568
7. 88-62-Vol-2 ADB 129 569
A. 88-62-Vol-3 ADB 129-570
9. 85-93-Vol-1 ADB 102-654 —
40. 85-93-Vol-2 ADB 102-655
M. 85-93-Vol-3 ADB 102-656
A2. 88-18-Vol-1 ADB 120 248
13. 88-18-Vol-2 ADB 120 249
14, 88-18-Vol-7 ADB 120 254
{8, 88-18-Vol-8 ADB 120 255
16, 88-18-Vol-9 ADB 120 256
{7, 88-18-Vol-10 ADB 120 257 %
18.88-18-Vol-11 ADB 120 258
19. 88-18-Vol-12 ADB 120 259

If you have any questions regarding this request call me at DSN 872-4620.

Chlef ' Sc1ent1f1c é{nd Technical AFDTC/PA Ltr, dtd 30 Jan 92
Information Branch

ERRATA



REPLY TO
ATTN OF:

SUBJECT:

TO:

DEPARTMENT OF THE AR FORCE
HEADQUARTERS AJR FORCE DEVELOPMENT TEST CENTER (AFSC)
EGUN AIR FORCE BASE, FLORIDA 32542-6000

PA (Jim Swinson, 882-3931) 30 January 1992

Clearance for Public Release

WL/MNA

v/
The following technical reports have been reviewed and are approved for
public release: AFATL-TR-88-18 (Volumes 1 & 2), AFATL-TR-88-18 (Volumes
4 thru 12), AFATL~TR-88-25 (Volumes 1 & 2), AFATL~TR-88-62 (Volumes 1 thru 3)
and AF TR-85-93 (Volumes 1 thru 3).

Drgpia JIEAL.
N. PRIBYIA, Lt Col,
Chief of Public Affairs

AFDIC/PA 92-039





