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VOLUME Ii

HDUE SET DESCRIPTION

1.0 INTRODUCTION

Th is section of the Texas Instruments HDUE Final Report

as called out in Contract Data Requirement s List (CDRL)

sequence number A003 on contract F04701—75—C—O18O describes

the design of the HDUE set as implemented in Phase I of the ‘1

Navstar Olobal Pos itioning System (OPS). Historically ,

sophisticated equipment was designed and fabricated to meet

its specific requ irements. Al tho ugh s uch an ap p roach may be

simplest to undertakes it provides only minimum production

advantages to each user appl ication. Life—cycle cost and

risk for each configuration are typi cally high. In an

attempt to offset some of these disadvantages. there is an

incl ination towa rd the development of th ree or f our standard

system confi gurations , one of which may be selected for a

specific user appl ication. Such an approach does afford

some advantage s as a resul t  of the p ot ential increase in

product ion of each configuration , but in most cases it w i l l

result in comprom i se of performan c e and phys ical

characteristics.

A more effective app roach for achieving utility and

affordab ility can present perhaps the more difficult initial

design an d development issues . This approach requires

establishin g user equipment c ommonali ty , not at the system

level , but at the subsystem level so that similar functions
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in different user configurations can be ...solated and

generalize d to use identical circu its or subroutines. These

buildin g blocks or common m odjies car ce used to satisfy

ever y user equipment requirement and cor;eq~u en t~~~, provide

the maximum production volume advantay~ Because of the

flexib ility and commonaiity established at this level,

performance and physical characteristics are not compromised

for spec ific user requirements. Component technology

improvements can be incorporated with min imum perturbations

to other funct ional elements. The results is an a p p r o a c h

that perm its the concentration of efforts in subsequent

develo pment phases to be aimed toward product and cost

improvements that are beneficial to all users and not

encumbered w i th  the d i ff i c~ilt ies of the “slight” variations

of system cha racter ist i cs an d pe r forma nce that of ten result

i n major system level in comp ati bil itie s1 forcing the

evolution toward uniqueness. rework or redesign.

The design of common modules must be preceded by a

careful  def i ni t ion of the funct ions to be performed by each

module. This definition i-s e v o l v e d  t h r o u g h  an i t era t i v e

elevation process centered upon variables such as OPS

equipment functions to be performed . current and projected

component technology. performance . physica l characteristics.

and cost. Basically. th is process follows the general steps

l isted below (illustrated in Figure 1— 1 and 1—2):

1. Definition of functions to be performed by GPS

user equipment

PAGE 2
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2. Separation of these functions into two catagories:

— Those -sensitive to a~ p1i c .~ti~~r~ and

— Those not ~.ens±tive.

3. Subdivision of app li cat .3n—i1 sen s~ tive functions

into elements grouped to provide maximum commonally

over the span of identified user requirements.

4. Design of c ommon modules that provide tne

performance required of these elements.

The design of each common module was guided by imposing

constraints defined by the requirements containing the worst

• case cond ition applicable to the module. For examp le . the

design requirement for size, weight . and power may be driven

• by a man—portable requirement while performance and

environmental constraints may be driven by missile or

satellite requ irements. In addit ion , other constraints and

cont rols were eatabl i sh ed that guided the common module

des ign to cost efforts.

The system concept and design resulting from this

effort permit maximum commonality between various system

desi gns through the use of different quantities of common

modules to satisfy specific perfo rmance requirements. Also.

because of the functional nature of modules , improvements to

accommodate performance requirements were incorporated with

minimum impact.
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Figure 1-1. Functional Systems Operation
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2. SYS 1~ t1 DESCR PT ~~ N

The HDUE set con -~ists of foE- -” major ~ine replaceable

un its (LRU ). ‘he.i ar~ the re~.eiver. data processor. AD/DC

c onve r ter and CL~, There ~s al-s o an optiona l

instrumentati on inte~’-f-ace LR.., T~-e u ni ts  are shown in

Figure 2 — i .  T h e  receiver L -~U is comp o sed if five continuous

tracking receiver channels and a receiver control

processor. An existing OFE antenna/ preamplifier wa-s used

for tests. The data processor LRU consists of the master

state controller and the navigation processor. All

—- OPS—control processors are designed around the SBP 9900

m icroprocessor. The CDU nas a calculator — type keyboard and

an incandescent day l ight readable alphanumeric display. A

block diagram of this set is shown in Figure 2—2. Major

characterist ics o f  HDUE performance are presented in Table

2—1 . Requirements for detailed characteristic -s are shown in

Table 2—2. The HDUE major mode s of operation are shown in

Figure 2—3.

The HDUE sot tracks tour satellites continuously using

four receiver channels. The fifth receiver channel is used

for SV acquisition , L1/L2 ionospheric correction

measurement. an d reading of data. The HDUE tracks both Li

and L2 satellite frequenc ies and uses both C/A and P codes

during the acquisition process Navigation calculations are

made usi ng an il—-state ~aiman filter .

The HDUE set can handle two antenn~ inputs (inverted

range or satell ite antenna ) and switch either of these two

r AC,E 4



inputs to any one of the five i-eceiv er channel -s (2 X 5

matr ix switch ). input initializ a tion data (position and

time ) are entered by mear.s of the ~eyboa d on the CDU.

Output data (position . veloc it.~. c i r ~~ , e~~c.
) 

~~ o displayed

on the CDI.). The same receive - : 5 r d  proc~~~sor common module -s

are used in the HDUE as are used ii ~he M ./uJE. software is

programmed in both Fortran and 990 assembly language. The

hardware characteristics of the HDUE implementatio n are

summarized in Table 2—3.

PAGE 5
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TABLE 2-1. HDUE MAJOR CHARACTE RISTI CS

Ran ge measurement s accur acy

(J/B 30 -40 dB )

Coarse (C/A code ) 15 meters (1)

Fine (P code ) 1.5 meters (1)

Resulti ng po~ itiD fl accurac y

Horizontal 10 meters (CEP)

Verti cal 10 meters (PE )

Intrinsic Maintainability design

LRU r ep la cem ent 5 minutes

BRU replacement 10 minute s

20 minutes maximum

PAQE 6
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- TABLE 2—2 HDUE DETAIL ED CHARACTER ISTIC8

—
S

SV carrier signal from antenna —166 to —156
L and L (dBW>

Code demodulation P—code
C/A code

User velocity (maximum ) 1.100
(meter s/second )

User acceleration (maximum ) 80
(m eters/second )

User jerk (maximum ) 50
(m eters/second )

Jam m ing levelss J/S (dB)

Acquisition 24 (C/A)
Track/lock 40 (P)
Weak—s ignal hold on 47 (P)

Time—to— first Fix (seconds ) 152

Pseudo range rat. accurac y at (C/No) 1.5 meter s (30 dB—Hz)

Pseudo range rate accuracy 0.2
(meters /second)

Mean time be tween failures 500
(hours)

Temperature range —20 to +55 C

PAQE 7 
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- TABLE 2—3. HDUE HARDWARE CHARACTERISTICS

No of LRUs 4*

No of receiver channels 5

Size (ft ) 3 ,5

Weight (pounds ) 200

Power (watts) 529

Design—to—cost goal (1,000 25K

units )

Receiver mo dules /channel 6

Total common modules 65

Total unique units 13

Memor y size (maximum 68K

capability

Memory size required 62.3K

Bits/ward 16

Hardware floating point yes

*5 LRUs including Instrumentation Interface Unit

U PAGE 8
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3. 0 HDUE SOFTWAR E S~~~1EM
I,.
’ -.

The HDUE Software operate-s withi.~ the framework oF a three

processor distr ibuted process i ng  network.  Each S8P9900

microprocessor controls a well defined functiona l subset of

the overall GPS user equipment sof tware requirements. The

Receiver Control Processor has an extensive hardware control

interface and manages the acquisit ion. t rack ing and recovery

of measurements from GPS signal sou rces. Because of the

hardware control, the Receiver Control software is wri t ten

in assembl y language. The Master Control processor manages

- 

- 
the op erator inter face through the CDU and imp lements the

required Navig ation Subsystem and Receiver Subsystem control

• functions. Each SV data word is passed from the Receiver to

Master Control as the word is received from a OPS source.

Master Control manages the collection of this data and the

overall data b lock processing mechanism . It also manages the

movement of instrumentation data through the flU hardware to

the in—flight UFTIN recorder. The Navigation Subsystem

includes the real—time imp l ementation of the Ka lman filter.

It also contain s a Rel at ive Na vig at ion f u n c t ion wh ich

handles the conversion of data to different coordinate

systems. The SV task in the Navigation Subsystem computes

the  BY p osi t i on for use in the incorporation of Receiver

measurements into the Kalman filter. Both the Master Control

PAGE 9
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and Navigation Subsystems are implemented in Fortran with

1 %
-• the  exce p t ion of two special purpose Master Control modules

in assembly language. There is an Executive Subsystem which

is common to all the processors. It i table driven to

maximize the c ommonality both within the HDUE and with the

MVUE and MBRS systems. This Subsystem contains all interrupt

handlers and implements task scheduling and reentrancy

requirements. The executive also maintain-s the system c lock

or fundamental time frame (FTF) which is incremented on each

20 millisecond interrupt. All processors are maintained in

strict FTF synchronizat ion wi th this synchronization

veri f ied each 320 mill iseconds. The 20 millisecond interrupt

- 

. is generated in the Receiver and is routed to the other

processors.
I~~~~

• Each of the three processors contains a set of Random

Access Memory modules which are loaded through the 110 when

the system is powered up. The term word , used to describe

memory , refers to 16—bit memory units. The 3 Microprocessor

Modules each contain 256 words of Read—onl y memory (RON ) and

256 words of Random— access memory (RAM) . The RON memory

contains front panel access  routines and software used

during the cold—start  load process.  The 110 contains a

Master Reset control switch which is used to force all

processors to execute a cold—start power—up sequence. This

control  is used following the load process.

The Mast er Control and Navi gat i on su bs y t ems communica te

through a shared memory area of 4096 words which is

PAGE 10 -.
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de signat ed Communications Memory. cach of these two

processors has an additional 24576 words of local memory

which may be used in any combination of program and data

space. The floating point hardware may be used by either of

these two processors . but the cu .’rent software restricts its

use  to the Navigation Processor in order to eliminate

contention problems during critical Navigation computations.

The Receiver Processor and other Receiver hardware reside in

a separate Line Replaceable Unit (LRU). The Receiver

Processor thus shares no common memory with the other

processors. Its communications with Master Control are

handled with the Serial Data Bus which transfers a 15 word

message each 20 milliseconds. The Receiver Processor has

16384 words of memory which may be divided as desired

between program areas and data areas.
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Software Version His or~.i

In the followtng paragraphs a brief description is

given of each of the sof tware versions used during

eva l uation of the HDUE Sys ter~ at the Yoma Prov~n~ Grounds.

Each version represents a major step in the evolution of the

final software design.

Vers ion 6A

The initial sof twaro ve rs ion to incluae Navigation

capabilities wa-s 6A. Prior to delivery of this version .

compatibi l i ty of the hardware with the T—pal let  and the

ability of the Receiver to acquire and track OPS signals was

confirmed . Version 6A was de l ivered to VPC in May. 1978 and

provided Navigation convergence with altitude hold on the

test range with four ground transmitter sources. Navigation

with 1 SV and 3 CT’s without altitude hold wa-s demonstrated.

~1Data obtained during version 6A test ing provided a baseline

for future sof tware enhancements.

Version 6B

This version was sent to YPO in Au gust of 1978 and

provided improved filter stability as a result of modelling

changes and better filter initialization. Many of the

changes in this version were f i x e s  for coding and

imp l ementation errors discovered in the field test

env ironment.

—
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Ve rs~ on 6C

— Version 6C represented a major stabilization of the H

Navigation filter design. This version was used in UH—IH

testing from September. 1978 through November, 1978 and on

the C—141 during November. The NavAgat~ on performance was

characte rized on the UH—IH and extensive analysis of the

mission data was performed. The abil ity of the system to

perform in an operational environment was clearly

establ ished whi le parallel sof tware develcpment was

proceeding based on minor field discrepancies. The Receiver

Software essentially reached its final configuration in this Fversion. Only minor interface changes were made in later

versions and no Receiver re lated problems were reported

during subsequent field eva luation.

Version 6D

Vers ion 6D was delivered to YPC in November. 1978 to

support the C—141 testing. It contained enhancements to the

6C version and the implementation of additional features not

previously part of the software. Some of these improvements

included:

1. Rejection of bad Receiver measurements by Navigation

2. Improved f i l ter ini t ial izat ion

3. Revised Ionosheric/Tropospheric equations

4. Full Waypoint computations

5. UFTIN data flow stabilization

6. Improved Filter convergence and s tab i l i t y

PACE 13
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7. Resolut ion or almanac ’ephemeris anb .guities

8. Generation of data required by Navy

This software version was the tool used to evaluate the

filter performance under the dynamic st ress encountered in

the C—141.

Version 6E

This version was generated for use with the Navy HDUE

system. The only difference from the verion ÔD is the

addition of patches to the Master Control load module to

suppress all IIU blocks except 2 and 206.
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Version 7A
S 

The results of t t~e test~ ng with versions 6C and 6D

demonstrated less than optima l performance particularly with

respect to velocity errors. In addit ion the version 6D

Navigation subsystem was close to ~OO percent ut..i ..zation in

both loading and memory wit~ - -o r~~ functions yet to be

implemented. Therefore a redesign of the basic -~ilter was

imp lemented in Version 7A which was delivered in February.

1979. The filter was imp lemented within the ba-sic Master

Control framework used in Version 6D and the operator

interface remained the same. The most significant

improvements were position and velocity accuracy. The

convergence region was widened to the point that it ceased

to be a problem in the operational environment. Filter

stability was such that entire missions were often flown

• with no operator intervention required after initial

convergence. The filter mechanics were modified to allow an

outer loop rate of 3.84 seconds versus 7.36 seconds in

version 6D. At the same time the Navigation p r o c e s s o r

loading dropped from near 100 percent to approximately 60

percent with 8000 words of memory made available for

additional features to be added in version 7B. Field

performance with this version is discussed in the HDUE Field

Test Report.
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Vers ions 713 and 7C

In May. 1979 Version 7B was delivered to YPG for

initial eva l uatio n . This final HDUE software version

contains all the Nalv1ga t~ on filter enhan..ements described in

Version 7A with the o n l y  d~~f fe r e~ Les b~~in9 ~n t~ e degraded

mode operation (primaril y 3 ~V ait it~~d~ hoid ). The Master

Control subsystem and th~ interface areas of the Navigation

subsystem were modified extensively in order to allow the

constellation change mechanism to be implemented. Full

coordinate conversion capability is a part of this version.

The operator interface through the CDU was mod ifi~~d based on

field comments received during the first year of testing. In

addition the CDU data update rate wa increased from 3.84

seconds to 0.64 seconds. The software functions were

somewhat reorganized between Master Control and Navigation

subsystems in order to dist ribute the processing load more

evenly and to make the subsystems more functional. Automatic

BY selection has been implemented and tested at YPO. This

software version meet -s all the operational requirements for

the HDUE system.

Version 7C is the equivalent Navy version with all IIU

blocks except 2 and 206 supressed.
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3. 1. 1 General

The purpose of the Receiver Controi Subsystem (RCSS ) is

to acquire and track ;ose SV’S s~ e-: :fied ~~ ;he Master

Control Subsystem (MCSP ’. Pseudo—range . Range—rate . and time

tag information are recovered from each tracking source and

passed to MCSP on a 320 millisecond basis. The RCSS executes

a General Health CheckI Master Time Delay Cal~ bration in

response to a MCSP c ommand. Upon receipt of a Precision Mode

command . the RCSS uses the spare channel to execute

sequential L1/L2 acquis i tions on the SV ’S being t racked by

the other four channel s. with the data from these

acquisitions used by MCSP to calculate the Ionospheric

delays assoc ia ted wi th each SV. The Concentrated Search Mode
I 

• 
use d for SV acquisit ion is accompl i shed  by applying all

availa b le channel resources to the SV -search in the order

that those SV’S are commanded by MCSP.

3. 1. 2 Communications

Data i s pa ssed between RCSS and MCSP exclusively via

the Serial Data Bus. One 15 word message is transferred each

20 mil l iseconds w i th 14 of the words being useable. With the

exception of the aiding data messages . all messages operate

at a ba sic 320 millisecond cycle rate based on the local

clock (FTF). To allow double buffer ing of the aiding data

I 
— 

it is written into alternate buffers each 320 mil l isecond
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period. Data is ~.~cs ed to t~~~ i f~CVR on 4 of the 16
5- 20—millisecond i~ubframes and on the other 12 data is

returned to MCSP .

The RCSS—MCSP interface is s~;ructured so as to minimize

the data flow required ~o im p l~~-~ent  th e c on t r o l  mechanism.

The entire control of the RCSS ~~ contained in the RCV3B

buffer. A single command word initiates all mode changes and

a corresponding 5 word SV Queue - s p e c i f i e s  the OPS sources to

be acquired and tracked. RCSS contains all t h e  l o g i c

required to execute and complete the various required modes.

Specific mode descriptions and command interpretations are

described in the R1MR C module section. A complete

description of the Serial Bus data items is contained in the

Master Control Subsystem description.

The data flow out of the receiver is organized as

Follows. A control message RCV2B is the response to the

RCV3B command message and contains information about the

completion of or failure to complete the various modes. It

also contains an SV Status table which corresponds

one—for—one with the input SV Queue and maps the BY’S into

RCVR channels. The RCSS passes measurement and other SV data

to the MCSP in channel order because of foreground loading

restr aints. The MCSP then uses the SV status array to

properly assoc ia te  channel or iented measurement data wi th

the corresponding SV. The five channel status messages

(RCV2A ) contain the channel status information described in

the RISRC module section. -Three messages (RCV2C , RCV2D, and

PAGE 18
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RCV2L) conta...n ~he t.t ’~~~urement ...u- .a dt~s c r A b e d  in the RIRNO

section.

3. 1. 3 Software De ian

This section conta ins a Jescr~~pt ion of tr~e overall

software structure and i ts relat ionsh ip to the receiver

hardware. The topic of reentrancy wh ich  is a fundamental
$

part of the receiver system design is also discussed. The

software hierarchy is presented along wi th  the relationship

of the data sets to this structure.

3. 1. 3. 1 Hardware Interface

The Receiver LRU hardware under processor control

includes 5 identical receiver channels and the Built—in—test

module. The individual channels are quite similar to the

channels used in the MVUE and MBRS Receivers but the number

of channels is different in each version of user equipment.

In order to maximize software commonality , the software is

structured around the concept of individual channel

controllers common to each type of UE wi th unique top leve l

controllers implementing the set unique requirements.

In the HDUE an individual channel is guided throug h the

acquisition sequence by the processor , but once the hardware

carrier loop is closed , the processor serves primarily to

recover pseudo—range and range—rate data from the hardware

and maintain th. code tracking loop. During acquisition the

I. Voltage Controlled Crystal Oscillator (VCXO) on the
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Frequency Synthes i ze- i~ au l ignt :- • y  the processor to the

b est estimate of Doppler. The code generator is stepped

through its search region by the processor while the

processor is monitoring the cur elation aata from the

Narrowband Module as read by the Output Module. When the

local and rece ived signals are a~~~~u~~telg correlated, one of

the Narrowband Loop Filters is used to control the carrier

ioop with the bandwidth of the loop under processor control.

The Wideband modu le . which is used for ampl i f icat ion of the
I’

received signal. has only its t ime con stant under processor

control. The processor may se lec t  either L—band frequency

output from the Synthesizer and may route either antenna

preamplifier ’s signal to any channel .

The Bui lt—i n—test (BIT )  module generates both Li and L2

signals with Xi code modulation for use within the RCSS.

Control of this module is done exc lus ive ly  by the processor.

The processor controls the start—up and synchronization of

the BIT code generator and controls the data modulation of

the signal. The BIT signal is normally shut off when the

module is not being used by the processor.

A complete description of the hardware/software

interface is contained in Texas Instruments Drawing 2008917.

Portions of this document which are essential for the

understanding of the various sof tware modules are contained

in the appropriate software module descriptions in this

report.
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3. 1. J. 2 Reentrancu

Reentrancy is the key design feature of the RCSS which

allows the implementation of the common individual channel

controller to be acriieved anc. permits ;he RCSS to occupy a

realistic of amount processor mec~ary. A reentrant program

is one which is capable of being executed concurrently by

several users. Each user has a separate data area out of

which the program operates when that user is active, but

• onig a single copy of the executab le  code resides in

processor memory. There are both software and hardware

requirements for reentrancy in the RCSS.

The software reentrancy is met by designating the

register RiO as an index register to be used as an o f fse t  in

all symbolic memory references. The reentrant data base in

RC8S is hexadecima l 300 bytes long per channel. The

Executive passes the appropriate multiple of this value in

the RiO location when the task is act ivated. The Execut ive

also sets the Workspace register for the task into the

correct data .rea.

The hardware reentrancy is met by the method in which

the Communication Reg ister Unit (CRU) is decoded in the

hardware. The CRU is the address bus used for processor

control of the hardware. The 12 bit field is divided into

four 3 bit sub—fields , the most significant of which is

in terpreted by the hardware as a channel identifier. When

the  software is in i t i a l i ze d it computes a channel unique

of fse t  which is later added to all CR0 address computations.
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Then all software tnodu~ es addres s the hardware in the same

manner regardless of the channel number.

3. 1. 3. 3 Software Structure

The RCSS Software can be c iv ided into 2 categor ies:

reentrant and non—reentrant. A ll hardware ro~Itro,~ with the

except ion of the Serial Bus Interface Module is contained in

the reentrant section. The Bui l t—in—test module. which

logically falls in the non—reentrant area. is selected for

control by one of the reentrant processes which then locks

out the other processes. The reentrant section may be viewed

as a channel control utility process with HDUE unique

control requirements implemented for the most part in the

non—reentrant section. R1SRC controls all mod ules in the

reentrant sections. Details of this control are contained in

that software module description. RIMRC controls the

non—reentrant section and the 5 reentrant processes. It has

3 non—reentrant foreground tasks under its control: RIMTM.

R1AID. and R1FNT.

R1MRC and R1SRC are background tasks while all others

are foreground tasks - with their priority dictated by

processing requirements or hardware interface timing. The

controllers are background tasks for 2 primary reasons:

1. Foreground processing time is made available for

critical hardware control functions.

2. Since the control load is normally heavy when

foreground activity is light , the background has
—

S
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- . large s.ctior~ of proce~ s~ ng time available when

needed for rapid execution

Figure 3. 1— 1 is a diagram show ing the hierarchical

structure of the RCSS. This diagram -shows the logical

relationship of the vario~is sof tware tasks  buc Goes not

illustrate the fact that th er e ar e a c t ua l l y  5 reentrant

processes under control of the R1MRC task.

‘-5
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--) SBIM TO MCSP

** * * *
* *
* R1MRC *
*
* ** * *** * *

! ‘ ‘.

********* ********** * * * * * * *
* DiSLIO * * R1AID * ! * R1FMT * * R1MTM *
* * * * * * * *

********* ! ********* *********
NON—REENTRANT SECTION

************************** I

REENTRANT
* * SECTION
* R 1SRC *
* *** * * *

~. t

HARDWARE INTERFACE CONTROL TASKS

* *
* R1CAL. R1SET, RiNSE, R1SCH, *
* R1PIN. R1BSN, R1RNO, R1CC. *
* RiRRM, R1DDT. R1PCK * $

* *

** * **** * ***** ** ** * ** ************* ** ****
* ** RCVR HARDWARE CHANNEL *
* **** *** *** ** * ** *** *** *** ** *** * ***** *

FIGURE 3. 1—1
RECEIVER CONTROL SOFTWARE STRU CTURE

‘I
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3. 1.3. 4 RCSS Global  ~ata ~~ti

Each of the global data sets within the RCSS is

descr ibed from a functional standpoint . The variables within

the data sets are described in the module sect ions where

they are used. The variable nami ig convention within the

RCSS requires that the f i rst tuo le t ters of each variable

within a data set be the same as the first two letters of

the data set. For example . all variables in RPCOMM are of

the form RPxxxx. Data sets PICOMM . RMCOMM. and RSCOMM are I)
part of the reentrant data base and as a result there ai-e

five copies of these data sets in memory. The non—reentrant

data sets include RPCOMM. RCV2XY. and RCV3XV.

RI COPIM (Reentrant )

RICOMM contains variables used for communication

between R1SRC and the interface control tasks and between

the interface tasks themselves. Both control and numerical

data is passed in this data set. with it being the only data

set used by most of the interface control tasks.

RMCOMII (Reentrant)

RMCOMM se rves  2 primary purposes: 1. It contains the

control variables used in the communications between R1MRC

and R1SRC. 2. R1SRC uses this data set to store those status

variables which are passed to MCSP by R1FMT.

RSCOMM (Reentrant)

The purpose of RSCOMM is to provide a single data set

to conta in all the SV dependent data necessary for RISRC to
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execute an acquisiti~ n sequence . T he data is placed there by

R1MRC and RIAID. The data set is also used to pass the

recovered SV data wo rds from R1PCK to R1FMT for transmission

to MCSP.

RPC0I~’1 (Non—reentrant)

This data set is analagous to the reentrant RICOMM. It

contains communication and numerical data passed between the —

non—reentrant tasks. It also contains a group of variables

used by R1SRC to control access  to the Built—in—test

module.

RCV2XY (Non—reentrant)

RCV2XY contains buffers for all data which is to be

passed to MCSP. The basic buffer length is 15 words and
I

~- B1SLID transmits data from this area d i rec t ly  to MCSP.

RCV3XY (Non—reentrant)

RCV3XY is the area in which all messages from MCSP are

stored. Based on the value of the routing indicator

associated with the message B1SLIO will place the message in

one of the six 15 word buffers in the data set.
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3.1.4 Processor Memo~’u Vti ).izat.~~.jI

I -
. 

The following table contains a listing of all RCSS

tasks and their associated memory requirements. In order to

minimize the reentrant data base c-since 5 copies of it exist

in memory ) the SHARE command is used at Link time on several

of the reent rant modules. This means that. for these tasks

which do not execute simu l taneously. their local data areas

are overlaid in memory. The total RCSS requirements include

the full reentrant data base areas. All figures are 16 bit

words.

5.-
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- Tr~ ~~R~~~~~~~~~~~~flk MEt’!~JRY UTILIZAT ION

BAC~~ ROUND/ MEMORY USED
MODULE PRIOR ITY FOREGROUND REENTRANT PROGRAM DATA

R1MRC 1~ 0 MS B N 3030 108
R1AID 20 MS F N 178 29
R1FMT 20 MS F N 101 16
R1MTM 20 MS F N 192 37
R1SRC 160 MS 13 V 2356 43
R1BSN 1 MS F V 209 56
R1CAL 5 MS F V 276 30

— RICC 20 MS F Y 383 18
R1DDT 10 MS F V 412 17
RiNSE S M S  F V 51 16
R1PCK 140 MS F V 422 23 I

R1PIN S MS F V 568 32
RIRNO 20 MS F V 970 46 - -

RIRRM 5MS F V 78 19
R1SCH 5MS F Y 490 26
R1SET 5 M S  F V 96 16
RPCOMM N 43
RCV2XY N 165
RCV3XV N 90
RICOMM V 59
RMCOMM V 12
RSCOMM V 23

‘-5
RCSS TOTAL (INCLUDING EXECUTIVE ) 11688 2797
AVAILABLE MEMORY 12288 4096
PERCENT UTILIZATION 95. 1 68. 2

5-
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3. 2 HDUE MASTER CONT.~UL ~jUL-.SYS’ * Er.

3. 2. 1 General

The Master Control Sub sy s t em cons±sts of the following

tasks:

A. M1CMSC. Master State Control Task

‘
5 

20 ms Foreground Pr iori ty

M1CMSC is activated by the Executive Subsystem . and it

r activates all other tasks in the Master Control Subsystem.

It provides the initialization function for the master state

contro l processor. and calls subtask B2MSTR. master bus

controller subtask.

B. PI1CCIO. Control Display U n i t  Message Control Task

100 ms Foreground Priority

M1CCIO is activated by M1CMSC during initaialization .

and it calls M2CRUS. communications register unit interface

subtask.

C. M1CRNC. Receiver/Navigation Control Task

160 ms Foreground Priority

M1CRNC is act iva ted by M1CMSC during initialization,

and it cal ls the fol lowing s ubtasks:

a. M2STIN, receiver/navigation status subtask

b. M2BUSO. RCV3B bus message controller subtask

c. M2IIUT. flU message buffer subtask

D. M1DBPR. Data Collection Task

160 mc Foreground Priority

—- 
M1DBPR is activated by M1CMSC during initialization. -
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E. M1ADIS. Control Lisplay Unit c~ mmdnd Processor

640 ms Foreground Priori ty

M1ADIS is activated by M1CMSC during initialization and

calls the fol lowin g subtasks :

a. M2CVNM. integer to ASCII conversion subtask

b. M2BLNK. blan~c leadinç zeroes subtask

F. MIPDBR. Data Block Processing Task

Background Task

M1DBPR is activated by M1CMSC during initialization and

cal ls the fol lowing subtasks:

a. M2DBS1. subframe 1 data processor subtask

b. M2DBS2 . ephemeris data block processor subtask

c. M2DBS3. almanac data block processor subtask

C. M1IIUO. IIU Data Conversion Task

Background Task

MZIIUO is activated by M1CMSC during initialization and

ca l l s  subtask M2HPFP. Hewlett Packard floating po int

conversion subtask.

The following data sets are used by the Master State

Control Subsystem in order to facilitate communications

b etween major subsystem tasks:

A. MFDATA, Cold—start almanac constants,

B. MAXXXX . Constants for receiver and IIU control.

C. CCXXXX . Constants for CDt) displays.

D. CKXXXX . Constants for CDt) control.

E. MKXXXX . Constants for 61DM Bus control.

F. MXXXXX . Multi—processor initialization and sync.
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- - 0. MDXXXX . Buffer for past CDt) control history.

H. M SXXXX . Variables for receiver control.

Data set MZXXXX is used to communicate between Master

Control tasks and the lit) interface.

The following data sets are used to communicate between

Master Control Subsystem tasks and Navigation Subsystem

tasks:

A. MNXXXX . General Inter—processor data, STDM Bus

data. lIt) data. and CDt) data.

B. MTTCDS . Data Block I. Clock Corrections.

C. MIEPHM . Data Block II. Ephemeris.

D. MWDMSD. Subframe 4. SV Message Block.

E. MPALMC. Data Block III. Almanac.
I
s— F. MMALRT. Constellation Control.

0. NINTRF, Navigation interface for IIU and CDt)

processing.

H. MBDBPR. Data block processing . control.

I I  .
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3.2.2 Memoru Utilization ~~~ 
Prc.cessor Load iflo

5..

A. Master Control Modules and Data Sets (16 bit words)

Nam e Pro gram Data Total

B2PISTR 205 19 224

M1ADIS 4465 80 4545

M1CCIO 1064 47 1111

PIICMSC 977 59 1036

— 

M1CRNC 230 35 265

M1DBPR 716 40 756

M1IIUO 465 58 523

M1PDBR 126 29 155

M2BLNK 46 28 74

M2BUSO 172 25 197

PI2CRUS 158 19 177

M2CVNM 368 41 409

M2DBS1 342 74 416

M2DBS2 325 67 392

M2DBS3 237 57 294

M2HPFP 151 27 178

M2IIUT 153 29 182

M2MOVE 68 31 99

M2STIN 1117 50 1167

5.,
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Name Program Data Total

MFDATA 396 396

~1 
MAXXXX 86 86

— CKXXXX 449 449

M~XXXX 
343 343

CCXXXX 12 12

M X X X X X  4 4

— a  
MDXXX X 50

MSX X X X  26 ~6

- -  - 
MNXXXX 1915 1915

- — MTTCDS 50 50

MIEPHM 130 130

MWDMSD 120 120

MPALMC 432 432

MMALRT 38 38

N INT RF 49 49

- MBDI3PR 484 484

- MZXXXX 260 260

A

-
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B. Master Control P- r -uce ss or Mem ory Summary

Desc. Available Uti lized Spare Percent used

Program 18432 13512 4’120 73.3

Constants 2048 1285 763 62.7

Variables 4096 1231 2865 30. 1

Comm. Memory 4096 3226 870 78. 8

F 
Total 28672 19254 9418 67. 1

C. Memory by Major Master Control Functions

a. Receiver/Navigation State Control:

B2MSTR . M1CMSC. M1CRNC. M2BUSO. M2STIN. MAXXXX .

MKXXXX. MNXXXX . MXXXXX . MSXXXX S263

b. Data Block Processing:

M1DBPR. M1PDBR. M2DBSI. M2DBS2. M2DBS3. M2MOVE.

MFDATA. MTTCDS. MIEPHM. MWDMSD. MPALMC . MBDBPR 3724

c. Control Display Unit Support:

M1ADIS. M1CCIO. M2BLNK. M2CRUS. M2CVNM. CCXXXXS

CKXXXX ,MDXXXX 6827

d. Instrumentation Interface Unit Support:

MIIIUO.M2HPFP.M2IIUT.MZXXXX 1143
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D. Foreground Tack Frocess or  lime Uti l izat ion

Processor loadiig for foreground tasks was studied by

means of calling X3TIMM with an argument equal to the task’ s

priority in 20 mc counts just prior to calling X3WAIT in the

task. X3TIMM therefore returns the number of 20 ms periods

which have transpired prior tc task completion since the

task was scheduled at its priority boundary. Peak loading

was determined by accumulating the maximum of the resulting

X3TIMPI output values during a period in which a great

variety of processing modes were exercised. Therefore. the

following table represents an approximation to processor

— loading by giving the peak value of time utilized by each

task in the time interva l allocated for the task.

Task Priority Max finish Percent

M1CCIO 100 ms 20 ms 20

M1CRNC/M1DBPR 160 ms 40 ms 25

M1ADIS 640 ms 80 ms 13
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3. 2. 3 Rece iver/Navipation State Cpntrol Functzon

The Master Control Subsystem communicates with the

Receiver Subsystem by means of the Serial Bus Interface

Module (SBIM). The names of the different bus messages and

their contents are :

A. RCV2A. Receiver to Master Control Channel Data

Messages with identical format are sent every 320 ms

for each of the five receiver channels at 3.5.7~9 and 11

twenty mc counts past each 320 mc boundary respectively. All

must have uniqu e routing indicator s (RI) which are

2,4.6.8, 10 for channels 1.2.3.4.5 respectively . Any other

value of RI will be an error.
.

5 The word numbers and their corresponding contents for

RCV2A are: -

1 Routing Indicator (2.4.o.8.A)

2 Receiver Status

3 SV or CT Generic ID No (0 to 5)

0 indicates unassigned channel

4 Commanded Mode

5 Receiver Frequency (0 is Li, —1 is L2)

6 Receiver Antenna (0 is Upper. —1 is Lower )

7 Su bf rame Num ber

B Word Number

9 Data Word Part 1

10 Data Word Part 2

11 Data Validity
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12 (spare)

13 Current Receiver Time Delay

14 Update Flag (0 No Update . —1 Update)

15 (spare)

where

Receiver Status <0 Bad

0 Idle

1 R1CAL VXCO Calibrate

2 R1SET VCXO Set

3 RiNSE. Noise Calibrate

4 R1SCH. C/A Search

5 R1CC. Code Center

6 R1BSN. Bit Sync

7 R1PIN. P Code Initialization

B R1RRM . Range Rate Measurements

9 R1RNG. C/A Range 
- 

-

10 R1RNO. C/A Range. Weak Hold

11 R1RNC, P Range

12 R1RNO, P Range, Weak Hold

13 Reacquisition

and

Commanded Mode 0 No Response

>0 MRC command

<0 Error in Processing Command

and

Data Val id i ty  0 Good

1 Subframe Count Bad
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2 & ~..ount Bad

3 Z Count and Subframe Count Bad

4 Excess Parity (>7 in a row)

A negative subFrame number :~~~icates a ro~~ momentum

dump or a sync error. Bit 0 is set for roll momentum dump .

Both bits 0 and 1 are set for sync errors. A negative word

number implies that the error flag on the data is set. The

d ata in the message will be ignored. No invalid data word

will be sent without indicating that the word is invalid

using either the subframe ID, the word ID or the data

yalidity not equal to 0.

For data words 2 through 10. Part 1 contains the first

16 bits of the 24 bit data word. Part 2 contains the last B

bits left adjusted. For the HOW word the right most bit of

Part 1 contains the first bit of information, and the

remaining 16 bits are in Part 2.

The Receiver Subsystem transmits its best estimate of

each of the above at the time of transmission. If a best

estimate cannot be supplied then the update flag will be set

to no update. Status updates for all data are for actua l

states not nece ssar ily for commanded states.

B. RCV2B. Receiver to Master Control Status Information

These messages are sent every 160 mc at 4 and 12 twenty

ms counts p ast each 320 mc boundary and contain:

1 Routing Indicator (3,8)

2 Update Flag (0 No Update. —1 Update)
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3 Receiver L~~~~~i Status

4 (spare)

5 Command Acknowledge

6 Command Complete

7 (spare)

B Sv 1. Status

9 Sv 2 Status

10 Sv 3 Status

11 Sv 4 Status

12 Sv 5 Status

13 Precision Mode Receiver C 0 unassigned )

14 (spare)

The receiver LRU status word is normally 0. Bit 0 on

indicates LRU failure. and bits 11 to 15 on indicate failure

for receiver channels 1 to 5 respectively. The command

acknowledgement word and the command complete words are sent

only once for each MRC command. A value of —1 indicates

command rejected. whereas a value of 0 means no response. A

positive value implies success and is equa l to the command

code. Anytime that the receiver acknowledges an action

command. then all accompanying status information - ‘

corresponds to the new command.

Th e SV sta tus  word can have the following values :

0 Not selected

—1 Concentrated Search in progress

—2 Track
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+K S~e lec t ed  recei- ier K (0<K(5)

C. RCV2C. Pseudo Range Measurements

Measurements av~ sent evr~ y 320 i~s at 13 FTF counts

pas t each 320 mc boundary. A rc- t~’;..~g indicator o- - - is sent

in the first word. The next 10 words contain the five 32 bit

range measurements ordered by receiver channel number. Words

12 to 15 are spares. A negative value indicates either a

bad measurement or a bad time tag. The least significant bit

is p—chip/(17*16) or 0. 1077398 meters. No valid range will

be sent for any receiver not in a valid ranging mode , or for

any receiver after acknowled ging a non—ranging mode. The

re porte d ranges are val id at 11 twenty mc counts past each

320 mc boundary.

D. RCV2D. Sync Data

This data is transmitted at FTF(MODI6) = 14 count e v e r y

320ms. and word I is the routing indicator D. The next 10

words contain the five double word bit counts ordered by

receiver channel. Words 12 to 15 are spares. Sync data gives

the number of bit epoch from the start of the week

corresponding to the pseudo range measurement , and the

values range from 0 to 3023999 9.

E. RCV2E. Pseudo Range Rate Measurements

Range rate measurements are transmitted at every

FTF(M0D16) = 15 count. The first word is the routing

indicator E. Th. five measurements follow in the next 10

words ordered by receiver number. Words 12 to 15 are

spares. The measured range—rate count (MRR ) sent is such
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that SV pseu do ra ~~e rate in meters per second is

0.1040668*(1232000. — MRR).

F. RCV2F, Error Report

This is transmitted at FTF ( MOD16) =2. and its routing

indicator , word 1 is I. Word 2 contains a semaphore which is

set to — 1 when a message is present. Word 3 conta ins the

number of words to fol low in the report.  and word 4 the

Error Code Word (ECW). Words 5 to 15 contain the additional

information for the error report. See Section 3. 4. 2.

Executive Subsystem Error Reporting.

0. RCV2C, Memory Read/Write

RCV2Q is transmitted at FTF(MODI6) = 10. and the first

word is the routing indicator 9. The second word is the

memory command word and is always 0. A value of —1 in word

3 means that data is available. Word 4 is the read/write

flag and 1 indicates read. while —1 is used for a write

op eration . Words 5 and 6 contain the memory address and its

contents. Th. remaining 9 words are spares.

H. RCV3A. Master Control to Receiver Executive Commands

RCV3A is transm itted at every FTF(MOD16) 6. The

following table describes the contents of RCV3A:

1 Routing Indicator (1)

2 Update Flag (0 no update , —1 update )

3 Sync Reset Update (0 no update. —1 update )

4 Sync Re set Command (0 no action. —1 software

reset. +1 start FTF on indicated next FTF)

S a n d 6 FTF
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-‘ 7 -5 Memory Read/Wr i te  (0 complete. — l command)

8 Data Available (always 0)

9 Read/Write (+1 read, —1 write)

10 Memory address

11 Contents of Address

12 to 15 Spares

• I. RCV3B. Master Control to Receiver Commands

RCV3B is transmitted at FTF(MOD16) 8. The contents of

the message identified by word number are:

1 Routing Indicator (2)

2 Update Flag (0 no update. —1 update )

3 Action Flag

4 (spare)

5 to 9 Identif ication Numbers for SV 1 to 5

10 to 15 (spare)

where

Action Flag 0 No Action

1 Soft Cancel

2 Total Idle

3 Combined GHC and MID

4 Search, C/A Acquisition . C/A Ranging

5 Search. C/A Acquisit ion. P Ranging

6 Search. P Acqu isition. P Ranging

7 Precision Mode

A Soft Cancel will terminate the present command and

leave all tracking receivers in track. All other commands
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— must be prefaced by a soft can.e i .  A lotal Idle terminates ( -

all activ ity.

J. RCV3C and RCV3D. Velocity and Time Aiding

RCV3C and RCV3D are transmitted at a 320 mc boundary

and contain the following:

1 Routing Indicator (3 for RCV3C. 4 for RCV3D)

2 Update Flag (0 no update . —1 update )

3 to 7 Range Rate Aiding for SV 1 to 5

8 (spare) 
5,

9 to 10 Bias Aiding

11 to 12 1.5 Sec Z Count

13 to 14 FTF (20 mS)

15 (spare)

“.~~~- The routing indicator is alternately 3 for odd 320 mc

periods and 4 for even ones. The units for velocity aiding

are 2000/1920 meters per second . and the data is valid at

FTF(MOD16)=11 of the current 320 mc bus frame. The unit for

bias aiding is 100 ns. Bias is the d i f ference of OPS time at

the indicated FTF and OPS time at the indicated Z Count. The

Z Count transmitted will always be divisible by 4.

K. RCV3E and RCV3F, Range Aiding

These messages are transmitted when FTF(MOD16) 1. RCV3E

has a routing indicator of 5 and is transmitted on odd 320

mc periods. RCV3F has a routing indicator of 6 and is

transmitted on even 320 mc periods. Word I is the routing

indicator, and word 2 is the update flag. Words 3 to 12

conta in the range aiding for SV 1 to SV 5 in units of 100
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- - nano seconds valid at the same time as for velocity aiding.

Words 13 to 15 are spares.

The interf ace between the Master Control Subsystem and

Navigat io n is discussed in Section 3.3.6 of the Navigation

Subsystem description.

5~
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3.2.4 Data Block ~j~~c~ess ino Eunc~,~~on
-

_

The data block processing function is accomplished in two

phases. data collection and data processing. Task M1DBPR

controls the data collection phac v in which data words are

received one at a time from the Receiver Subsystem via the

-5 
RCV2A bus message. collected into complete data blocks , and

then passed on to data processing. which runs in the

background. Th. data processing function is controlled by

M1PDBR and it strips the appropriate bits for each data item r

from the collected data blocks , and formats the data so that

it may be used by the Navigation Subsystem.

The following tables describe the data collected and

processed from satellites. The scale factors arid ranges are

given as powers of two. The word number given is the word

number within the subframe. from 3 to 10. Bits are numbered

from the left from 1 to 24.

A. Clock Correction Data. Data Block I. Subframe 1.

~~~~~~~~~ Wor d Bi t s  ~~iJi. Rane e Siun Un its

TOC B 9—24 4 20 + sec

A0 10 1—22 —31 —10 + —  sec

1—24 —33 (for Ground Transmitters)

Al 9 9—24 —43 —28 +. — sec/sec

A2 9 1—8 —55 —48 +. — sec/sec/sec

AODC 8 1—8 11 19 + sec
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B. Ephemeris Data. Dita Block II. Subframes 2 and 3.

~~~~~~~~~~~ 
Word/SF B~ tc Scale Range Sion Units

AODE 3/2 1—8 11 20 + sec.

10/3 1—8 20 + sec.

CR8 3/2 9—24 —5 10 +.— met.

DN 4/2 1—16 —43 —28 + —  semic i r c les /sec .

MO 4/2 17—24 —31 0 +, — semici-rcles

5/2 1—24

CUC 6/2 1—16 —29 —14 +, — radian s

E 6/2 17—24 —33 —1 +

7/2 1—24

CUS 8/2 1-16 —29 -14 + —

• SQA 8/2 17—24 —19 13 + sqrt (met .)

9/2 1—24

TOE 10/2 1—16 4 20 + sec.

CIC 3/3 1—16 —29 —14 +.— radians

OMO 3/3 17—24 —31 0 +, — semicircies

4/3 1—24

CIS 5/3 1—16 —29 —14 +, — radians

10 5/3 17—24 —31 0 +, — semicircies

6/3 1—24

CRC 7/3 1—16 —5 10 +, — meters

DM0 7/3 17—24 —31 0 +, — semi circle s

8/3 1—24

OMD 9/3 1—24 —43 —20 +, — semicircies /sec

- 
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C. Almanac data. Data Block III , .~ubframe 5

E* ttt. Won Bits Scale Ranae Sian Units

SVID 3 1—8 11 8 +

EEE 3 9—24 —21 —5 +

TOA 4 1-8 12 20 + sec.

DTI 4 9—24 —19 —4 +. — semicircies

Health 5 17—24 0 8 +

OMD 5 1—16 —38 —23 +.— semicircles/sec

SGA 6 1—24 — 11 13 + sqrt(meters)

0110 7 1—24 —23 0 +.— semicircies

0MG 8 1—24 —23 0 +. — semici rc le s

11110 9 1—24 —23 0 +, — semicircies

A0 10 1—8 —17 —10 f’- s ec .

‘
~~~~~~ . Al 10 9—16 —35 —28 +~~

— sec. /sec.

The c lock  data is processed by M2DBS11 the ephemeris is

p roce sse d b y M2DBS2~ and the almanac data is p rocesse d b y

M2DBS3. M2DBS1 also processes ground transmitter position

coordinates. Only Subframe 1 is collected for ground

transm i t ter s.
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D. Ground Transmittcr date, Subf-rame I.

Eiti ~tti..t . ~~~~ sits Scale Range Sign Units

CT x 1 24  —7 r 4  +,~~ met .

4 1—B

CT y 4 9—24 —7 24 +. - met.

5 1—16

CT z 5 17—24 —7 24 +,— met.

6 1—24

OTID 7 9—16 1 8 +

Health 7 17—24 1 8 +

— The message subframe is processed f o r  SV’s. It is the

contents of words 3 to 10 in subframe 4. and contains 23

eight bit ASCII characters. These characters are displayed

on the CDU upon demand.

During the first pass through M1DBPR, cold start

• almanac - is moved into the almanac data set MPALMC.

Thereafter . it is replaced whenever almanac data is

processed as received from a satellite.

Since the RCV2A bus message is keyed to receiver

channel number. the co l lec t ion process in M1DBPR is also.

Before accepting a data word the update flag and SV ID are

checke d. Whenever SV ID changes . then the collection process

is r e i n i t i a l i ze d for the given channel. The subframe number

must be between I and 5 for an SV. or exactly 1 for a CT.

Th. word number must be between 3 and 10. MIDBPR also checks

for SV sync fail, roll momentum dump condition. da t a
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-- validity , and ead pa- - i t-~j. Eina~~~ . a check is made to be

sure that we are not already proce ssing the given Data Block

in the background. If all these tests pass then the word is

collected in array MCDATA and a bit cleared in MCDWPC to

record this fact.

When all words in Data Block I are collected then a

flag is set to process it, provided either the AODC or TOC

• has changed from the last time that it was processed. Data

Block II is processed provide d the AODE’S in subframes 2 and

3 match and are different from the last time that that the

block was processed. For the Message Block a sum is made for

comparison purpo ses. and the block is processed whenever

this sum changes. Data Block III is processed provided a

val id SV ID has b een received with a new TOA from that

previously processed.

Clock data is stored by generic number in data set

• MTTCDS. SV Ephemeris data and CT position data are also

stored by the I to 5 generic numbeY~. Almanac is stored by

By ID number in data set MPALMC. Message data is stored by

receiver channel in data set MWDMSD. Data set MBDBPR is used

to maintain data between successive executions of M1DBPR,

and to communicate between M1DBPR and the background

processing task M1PDBR.
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• 3. 2. b Control 
~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ ~f~ n c t i on

A. General Q~jcriotion ~~f ~~~~ 
h’DUE Control/Dice lau Un i t

The CDU is tne primary man/~r~ac hine . nterfac~~. The main

elements are: (1) DISPLAY. alphanLmeric 16—segment. ordered

as two rows by ten columns (20 charac 4 ar~~). updated every

640—msa (2) KEYBOARD, data entry. ordered as six rows by

three columns; (3) DATA switch . 16—position. rotary~ (4)

WAYPOINT switch. 10—position. rotary; (5) CAUTION indicator

lamp ; (6) FORMAT switch . 2—position. toggle. See Figure

3.2.5— 1 for the layout of the CDt) switches and displays.

Each character of the display can indicate a number

digit (0—9). a letter (A—Z), a symbol . or a combination of

digit and symbol (such as three degrees). A lamp test

function is included , which illuminates all 16 segments of a

display character position simultaneously.

The data entry keyboard al lows the fol lowing control

and data inputs: (1) Data numbers (O—9) i (2) Data letters

(A. B. C, D, E. F. C, H. J. K. L, M . N. P. G. R . S. T. U. V.

W . X , V. Z ) ;  (3) Data symbols (minus sign); (4 ) Control

prefix for upper/lower display select (IN1. 1N2); (5)

Control data case ( lef t  upper case . r ight upper case ) ;  (6)

Control warn ing command (WN); (7) Control position mark

command (P1K); (8) Control freeze command (FZ)i (9) Control

update c ommand (UP ) (10) Control clear command (CLR).

The Data switch allows the operator to select one of

fifteen types of data input or output: RCVR, ERR. UTM. LAT.

II.II____ 
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RNG. XIRR. HD~. KIM . i U’~E. ALL -~~L~• VEL,  1150, MEM .STAT.

The sixteenth positio n is not used.

The Waypoint switch allows the operator to select the

input/output operat~.on corresponding ~o a navigation

waypoint . or to mult iply the number of operations for a

given data type . for example. select i-.~ceiver status by

channel number.

The Caution lamp indicates that an error condition is

present. or that important secondary information is

available.

The Format swi tch is used to se lect  the alignment of

th. user direction data re lat ive to “True ” North or

“Magnetic ” North. or to activate the display lamp test in

conjunction with the Data and Waypoint switches.
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a a• __________ __________ a
a a

a a a

9 6 5 ~~~‘2 3 6 ~~
• a a a
a a __________________________________________ a a
, a

WAY PT CAUTI~ N FORMAT
MAG/LCL

: 0 :

H
TRUE/SYS

D A T A
a I
I — — — I

i~~s I  a I •IIM a • I~~~ I I

‘ ‘ ~~~~ ‘ .....J......
I i lYkI I I I Yk14 a • a a
a ~~~~~ a a a J.r~~I a I a •

HDO . TIME — —, i, t a , ~(La •a  a liii I i
a A . ~ .L.LiD. ~ ~ .1.... .. ‘ .L.~ .._..
: RNC . - SPD :CLR : :1N2 : :ENT:

~~~~ : LAT <~~~—= . VEL —
: UTM . . 1180 :~~ji: :~JQ: :~J.f :

ERR . . MEM LLJ Li.... : ~~~~_
RCVR STAT — — —

~j~ : : ~j~~: : Lj~ : :
:~.__4_.. : :~~ _~: ~~~~~~ ~

: NJ..f. : : 
~~~~ 

: ~~~~~
• I I I I I U •
I I I I i  • _ _

~ •
I a
I — — — I

• h u h ’  a l l a y ,  U i  • I
‘~~~~.L_L ’ ~~~~~ 

• I a  I I

• a — a I #~ I a I I
I I a  •~~~~~~~a i i  a
I Ia a
• a, ___________________________________________________________ a

FIGURE 3.2.5—1 CDt) POSITION DISPLAY
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B. Keubc.~itr~~ Lntru ~~~~~~~
The ke~ eniry of da~-~ is i n it i a ted  by pressing either

the IN1 or 1N2 key. The associated display (upper or lower)

then shows underscoi e ~harac~~ r~ to inJi cate the spaces to

be filled w ith alphanumeric datd. £~ata keys  ~re  p~’essed to —

fill the display , left to r~~ nt. unt l - o more underscore

characters remain. Finally , the data entry process is

terminated by pressing the ENT key. To correct an error

entry. begin the entry sequence again. The uppercase keys

are used to select letters for data entry. For example . to

enter the letter A. precede the A keypress with the

uppercase left key. The decima l point key is not used for 
- 

-

data entry. since decima l points are displayed in appropiate

positions.

The control warning c ommand key.  WN. is used to command

display of a warning message (10 characters . maximum ) in the

upper display.

The control freeze command key. FZ, is used to store

p resent position in a temporary buffer for subsequent use

with the mark function. 11K.

The control position mark command key. P1K. will copy

the contents of the temporary buffer (containing a ‘frozen

posit ion ’) into a Waypoint position buffer. To use the

command. turn the Data switch to LAT. the Wagpoint switch to

the desired waypo int position (1—9). and press the P1K key.

The saved position then appears in the display. replacing

the previous waypoint position.

- -  - -  - - -
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The control c~~~a- ~- ommarI ket : . CLR . resets any CDL)

keyboard entry p r c ~~cs. anc~ any a l c — t  or warning message.

The control update comman d ke ys UP. initiates an

automatic navigation sybsystem ]nit~~~ izatiar . sequence.

which utilizes the operator CDLI ~;~ju :s f o r  tim~., heading.

true air speed . altitude. and po ’it.on. S~nc~ there are

several positions which the oper1stor can pre—store as

waypoints. the operator must select one to be used for

navigation initialization: turn the Data swi tch  to LAT or )

UTM. the Waypoint switch to select the desired value, and

press the Update key. The update c ommand must be given at

least once before the OPS acquisition sequence.

C. Functional Switch Combinations

The functional swi tch combinations for data input and

output are described in tabular form according to the Data

Switch position . the Waypoint Switch position . the Upper

Display. and the Lower Display. Table 3. 2. 5—1 shows the

functions of each Data Switch position in combination with

the Waypoint Switch. shows the parameters in the upper and

lower displays. and indicates whether these parameters are

system inputs (I) and/or outputs (0). System inputs are - -

parameter values which can be entered by the HDUE operator ;

entered values are echoed on the display in all but a few

cases. System out put s are parameter values or messages

i n i t i a t ed by system processing . other than the data display

ec h o function. Table 3.2.5—2 lists the CDU parameter
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formats. o’-dered t’~ ~~~~ ~~~~~~~ - -~~~~oint Switch . whether

Upper or Lower D~ sp~ a~~ Format . and Range. The convention

for the abbreviated parameter Forma t description is as

follows:

(1) Each unique forma t ~on~.ist~ of c~ n col umns.

corresponding to the disp lay c t..l-~
,-~ans .

(2) Values of variable quantities are represented by t h e

letters. ‘P’. ‘0’. ‘W’. ‘J’. with underscores at each of

the variable digit posit ions; these letters do not

otherwise appear on the CDV display. Where more than

four unique variables are represented. additiona l letters

are included. The number of digits for any variable is

denoted by repeating the letter. That is. the variable.

‘PPP ’ has a value of three digits maximum.
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I DATA :WYPTH UPPER E~~~~~.AV LOWER DISPLAY :1:0:

$ RCVR $ 0 H RCVR COMMAND I’F~’-’ONSE ~- H . ’- LAST ~OMMAND NUMBER
u OR : :

I : 0 ~I NUMBER OF ~URREN~ N#-~-! ~~~~~~~~~~~~ ~..AST COMM-~~~ \RJ~~~~Q~~~~R

SOURCE~i IN •J~ L
• I~~ - I - a • a
I I I I  a a I ,  I I I

1 1 H SY NUM3ER AND STATUS FOR \~~~~~~~. ~ I R 5 .  ~E~ :R~ r~’sELEcTED ~V :Y:
U RCVR CHAN 1 ~ ~v Nu~- -3E~ ( SEE NOTE 1

• a I a I  . , ,
I I I I  a a i s  I a a

2 1 SV NUMBER AND STATUS FOR ~~~~~ ~3aCoND DESIRED/SELECTED :y;y:
I : :1 RCVR CHAN. 2 :~~ SV NUMBER (SEE NOTE 1)
• I I I  a a I a  I I I
• I I  a a a a  a , a

1 3 H SV NUMBER AND STATUS FOR ~N Y 1 1  THIRD DESIRED/SELECTED : y : v :
H RCVR CHAN. 3 1 H SV NUMBER ( SEE NOTE 1 1

I I a a  a a a .  a a a
• I • f  a I a ,  a I I

4 H SV NUMBER AND STATUS FOR : N : V : :  FOURTH DESIRED/SELECTED :v~v:
I H RCVR CHAN. 4 : 1 H SV NUMBER ( SEE NOTE 1) 1
I I I I  I I I I  I a aa I a l  a a • a  a a a

I S I SV NUMBER AND STATUS FOR :N:y : :  FIFTH DESIRED/SELECTED :Y:Y:
H RCVR CHAN. 1 1 1 H SV NUMBER (SEE NOTE 1)

• I I I  I I I a  I I I
I I • a  I • U I  I I I

I I 6 :: (NOT USED) - 1— 1 LOCAL DATUIi NUMBER FOR :Y:N:
H I HCOORDINATE TRANSFORMATIONS :

• I ~~I a a a a  • •a I a  a a a~~ a a a

I 7—911 (NOT USED) I H (NOT USED) I
I I a I  a a a ,  a a
a a a  a a I I  I a I 

+—+—++ +—+—+ S

I ERR I 0—9:: BLANK. EXCEPT WHEN A 1 1 I I  (NOT USED)
PROCESSOR FAILURE EXISTS: 1 1

H (SEE NOTE 2) 1 1
I 

I I  I I a .  a a a

0 ERROR MSG — WORD 1 :N:Y: (NOT USED)

1 U ERROR MSG — WORD 2 IN~ V I I  (NOT USED) I
• • • •  I I i  I • •a a a .  a a a ,  I I I

1 2 11 ERROR MSQ — WORD 3 1N~ Y 1 I  ( NOT USED) 1
• I I I  a I i i  a a a

I I I  a a I I  I I I

1 3 ~1 ERROR 1160 — WORD 4 :N :y : :  ( NOT USED > 1 1
I a I I  a I I I  I a Ia a I I  I I I I  a a a

$ I 4 1 1 ERROR 1160 — WORD 5 1N~ Y I I  ( NOT USED ) : :
• a a a  I I a a  a a a
a a a a  a • a .  a • I

I 5 11 ERROR MSG — WORD 6 :N:y: ( NOT USED)
a a I I  I a I ,  a a a
a • • u  a a a a , , ,

6 1 ERROR MSC — WORD 7 N V H  ( NOT USED) 1 I
I a h a  a a a ,  a a a
I I I  a a a .  a • •

I 7 11 ERROR 1160 — WORD 8 N Y  ( NOT USED ) 1
I I I I  I I I I  I a a
I I I I  a I I  I I a

I I B H ERROR MSC — WORD 9 NIYH (NOT USED) 1 1
I a I I  • a v i  a I I
I I I I  a I I a  I I a

—- +——— — +——— — + +  +—+—÷+ +—+—+
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DATA :WYPT I UPPEN DlS~~.AV ~~ LOWER DISPLAY 111 0 1

1 9 U ERROR MS1~ 
— WORD 10 N~~~~1 (NOT USED) 1 1

h $ S I  I I . 1  I a I
I I I I  I I a I 

+—+—++ 

1 UTM I 0 II PRESENT P~SITI~.r .EASTIN0 r. 15” E - T ~C~~~~~ON,NORTHING~N 1Y :
a • a .  a 5 5  I a a
I U I I  ~JI’S I ~~~I t s a ~ - I U I

$ I 0 H EASTING INPUT FOR ~~~~~ NORT-4~NG ~~-~UT FOR IV 1
1 U WAYPO INT 0 a ;  w~~v~~~i~~~ 0 1 :

• I I I  • I s  a I I
I I I I  I I a a a a

I 1 1 II EASTINC INPUT FOR IYI N ~~1 NORTr~lNG INPUT FOR IV IN:
I I I $ WAYPOINT 1 1 1 WAY POINT 1 1 1
• • a  a a a .  I a Ia a a a  - a a I I I

I 1 2 H EAST INO INPUT FOR V N H  NORTHING INPUT FOR YI N
I I H WAYPOINT 2 1 H WAYPOINT 2 : 1
a a a .  a a a .  I Ia a a .  a a I I  a I

I 3 II EASTING INPUT FOR Y N H  NORTHINO INPUT FOR
I U WAYPOINT 3 1 1 H WAYPO INT 3 1 1

I a a .  a a a a  a I I
a a a .  a a I I  I a i

4 :: EASTINO INPUT FOR :YIN :: NORTHINO INPUT FOR
H WAYPOINT 4 1 WAYPOINT 4 1

I a a~~ I I I I  a a aa a I I  a a h a  U I I

$ S H EASTINO INPUT FOR I Y N H  N O R T HIN G  INPUT FOR
I U WAYPOINT 5 1 1 H WAYP O INT 5 I 1

I I I I  I I I I  I I I

6 H EASTING INPUT FOR I V I N I I  NORTHING INPUT FOR
1 1 1 I WAYPOINT 6 1 1 1 1  WAVPOINT 6 1 1 -
• a a .  , , ~ , ~ ~a I a  i a a .  a • a

I 1 7 H EASTING INPUT FOR Y N H  NORTHINO INPUT FOR
I I :  WAYPOINT 7 I H WAYPOINT 7 1 1 1
I I I l  I I U I  S I a
I I I I  a a a .  a a S

I 8 1 1 EASTING INPUT FOR Y NH  NORTHING INPUT FOR
I U WAVPOINT 8 1 : : :  WAYPOINT 8 1 1 1

• a I I  a • a ,  a a a
I I a a  I a I I  I I I

1 9 U EASTINO INPUT FOR Y IN: I NORTHING INPUT FOR
I H WAYPOINT 9 1 H WAYPOINT 9 1 1

I I • a  a I • S  a a a
I a a a  I • a .  a . a

+——— —+——.-—++ +—+—++ +—+—+

I LAT I 0 H PRESENT POSITIDN.LATITUDEINIYHPRESENT POSITION.LONGITUDE N:Y:
I I I I rl~~ I I I I I I a
• a a a a , a • aj r ~ a a a

1 0 Ii LATITUDE INPUT FOR IV INI~ LONGITUDE INPUT FOR I V N
$ I I WAYPOINT 0 1 1 1 1  WAYPOINT 0 1 1

• a • .  I I I I  I I I
• I Il I a , a  a a .
I I 1 II LATITUDE INPUT FOR Y NH  LONG ITUDE INPUT FOR Y N I

I $ I WAYPO INT 1 1 1 I WAYPOINT 1 1 1
I a • a  a a a .  a a a
I S I I  I I I I  I a a

1 2 U LATITUDE INPUT FOR :y:N:: LONGITUDE INPUT FOR
$ H WAYPOINT 2 1 H WAYPOINT 2 1

a a a a  , a a .  a a a
• S I I  I I I I  a a a

+——— — +————++ +S.-+—++ +—+—+
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A8t.c5 S ~~~~~~ S - r I : : La : 1 ,H  I~~~.~~~~~~~~~ 7’ Ia~~ ~~f3~ TINUED )

I DATA $WYPTU UPP~ N L~~~P:AY 1W LOWER DISPLAY fl0

1 I 3 II LATITUDE INPUT FUR Y1~~H LONGITUDE INPUT FOR
$ I : $ WAYPOINT ~3 

a - -5 WA VPO ’ NT 3 1 1 1
I a I S -5 I I  I I S
a S I S  I I S  a a I

1 4 H LATITUDE !N~UT H-~ - ~~I S  
~-

“
~•lDE 1 7 FOR

1 1 H WAYPO INT 4 Y~’U~~~T
• a I I  a - a  a a
a a a ,  a a a a  a a a

1 5 H LATITUDE INPUT FOR ;~~~~~I’- ;~~ ~~~~ -C. E ~--PL’T FOR
I I H WAYP O INT 5 ; -~~~\P C ~~ ’~T 5 1 1

— a a a  a • . p a a
— I I I I  a a a .  I I I

I I 6 H LATITUDE INPUT FOR -~JN0ITUDE INPUT FOR
H WAYPOINT 6 1 1 1 WAYPOINT 6 1 1

a a . a  a a I I  a . I
I I S I  a I I I  • I I

I I 7 H LATITUDE INPUT FOR Y NM  LONGITUDE INPUT FOR I Y N
I I I I WAYPOINT 7 1 1 WAYPOINT 7 1 1
I I S I  I a a ,  I I I
• a I a  ~ a a a  a a a

I I 8 H LATITUDE INPUT FOR V N H  LONGITUDE INPUT FOR IV IN I
I I II WAYPOINT $ 1 I I I  WAYPOINT S I $ I
I a a .  a a a a  I U I
• 1 S I  I I S I  S I S

I I 9 1 $  LATITUDE INPUT FOR Y N  1 LONGITUDE INPUT FOR
$ H WAYPOINT 9 I 1 1 WAYPO INT 9 1 1 I

I I • I  I I S I  I S U
a a I a  I I I I  I U I

+——— —+————++ ÷—+—++ 

$ RNG I 0 H (NOT USED) I— I— U (NOT USED)
I $ II I I ~1 1 I
$ 1 1 H RANGE TO WAYPOINT 1 ~N~ Y H  B E A R I N G  TO WAYPOINT 1
a a I i  I a a a  a a a
a I S I  i a a a  a a a

I $ 2 II RANGE TO WAYPOINT 2 IN V M BEAR ING TO WAYPO INT 2
a a I v  a a a a  I U I
I I I I  U I I U  I U I

$ 3 H RANGE TO WAYPOINT 3 
- 

NI V U BEARING TO WAYPOINT 3 N V I
I U S I  I I I S  S S U
I I a a  a a a .  I I I

$ I 4 H RANGE TO WAYPOINT 4 IN YH BEARING TO WAYPOINT 4 INIY :
• a a s  a a I I I I I
a a a ,  I I I S  I I I

I 5 I $ RANGE TO WAYPOINT 5 IN IV I :  BEAR ING TO WAYPOINT 5
I I I I  I I a a  I I I
I I U I  U I U I  a a i

I $ 6 II RANGE TO WAYPOINT 6 IN IVH BEARING TO WAYPOINT 6
I I I~~ a a a a  a a aa a a t  I $ U .  a a a

I I 7 1 $  RANGE TO WAYPOINT 7 IN :VM BEAR ING TO WAYPO INT 7 INIY
a a I I  I a • a  I • Ia , a  a a a s  a a a

I $ 8 H RANGE TO WAYPOINT 8 NIY H BEAR ING TO WAYPO INT 8
I a I I  a I I I  I S I
I • I I  I I I I  I I I

$ I 9 1 $ RANGE TO WAYPOINT 9 IN V 1 BEAR ING TO WAYPO INT 9 N IV I
a a I I  I S a a  a a a
I S I I  a a I S  U U I

+——— —+————++ +—+—++ +—+—+
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I DATA :WYPT :I UPP~ P~ 1~~J b - ~~~~~~~
V 

~~OH LOWER DISPLAY :1:01

I XTRK I 0 I $ (NOT USED 1 (NOT USED) 1 1 1
I a a .  S 1 a a I
I S I  - a I I

1 $ 1 II VERT1c’~L S i ~ RINii ERROR N, -H H ~ :ONTA~.. STEERING ERROR:N:Y 1
$ $ 1  TO 4A’~a:’4 I a 

~J ~~~~~~~I I I I  a - a I - I
I S I a  - I I  a a a

I $ 2 II VERTIOAL STEER ING ERROR 1N~~~1 : , DFJ7JNTAL SThERING ERROR IN IYI
$ 1 I 1 TO WAYPOINT 2 TO ~i. ~~~~ T 2 1 1 1
• I Il a I a~~ a a aa I I  I I a s  , a a

$ I 3 II VERTICAL STEERING ERROR N V H  HOR i ZONTAL ~3TEER ING ERROR:NIY:
I $ II TO WAYPOINT 3 1 ro WAYPOINT 3 1 1
I • a a  I p • 1  I Ia S a s  a a v i  a I I

I $ 4 H VERTICAL STEERING ERROR N Y H  HORIZONTAL STEERING E R R O R N Y I
I I H TO WAYPOINT 4 1 I I  TO WAYPOINT 4 : :
a . , a  a I •~~ a a
I a a  S a a a  a a I

I $ 5 I I VERTICAL STEER ING ERROR N Y H  HORIZONTAL STEER ING E R R O R N Y
$ I H TO WAYPOINT 5 1 1 1 1  TO WAYPOINT 5 I 1
S a h a  a i s a  I S aa a I I  S • a a  a i a

I 1 6 H VERTICAL STEERING ERROR :N :Y:: HORIZONTAL STEERING ERROR:N:Y:
I $ I 1 TO WAYPOINT 6 1 1 1 1  TO WAYPOINT 6 I 1 1
• a •  a a a .  S h S

I I I  I I U I  I I I

I 7 H VERTICAL STEERING ERROR IN IY I I HORIZONTAL STEER ING ERROR:N:y:
I I I I TO WAYPOINT 7 1 1 1 TO WAYPO INT 7 1 1 1
a a a a a a .  a a I
I 5 I I  a I a S  . a a

~~ 
I 1 8 1 $  VERTICAL STEERING ERROR :N :Y : :  HORIZONTAL STEERING ERROR NIV
I $ H TO WAYPOINT 8 I 1 : I TO WAYPOINT 8 I 1 I
a a S I  a 5 5 1  I I U

I I I  a a a a  a a a

I I 9 I I VERTICAL STEER ING ERROR IN IV I 1 HORIZONTAL STEERING ERRORIN YI
$ I I $ TO WAYPOINT 9 I I H TO WAYPOINT 9 1
• I I S  I I I I  I I Ia I a  a a I I  I I a

+——— —+——--—++ +-.+--++ +—+—+

I HDO I 0 II USER HEADING INPUT IV 1N I  I LOCAL MAGNETIC VAR IATION Y N 1
$ I :: (SEE NOTE 3) : : 1: :
• a a .  a a • a  a a Ia I S I  a I I a  a a a

I I 1 H VERTICAL APPROACH ANGLE IYINH HORIZONTAL APPROACH ANGLE:Y:N:
I II TO WAYP O INT 1 1 I TO WAYP O INT 1 1 I I

I I I S  • I I I  I I I
I I I S  I I I I  S I I
I I 2 II VERT I C A L  APPROACH ANGLE Y NH  HORIZONTAL APPROACH ANGLEIY N
I 1 H TO WAYPOINT 2 I 1 H TO WAYPOINT 2 I 1 1
• a a .  a a , a  U I I
a S • S a a a .  a a a

I $ 3 I I  VERTICAL APPROACH ANGLE Y N H  HORIZONTAL APPROACH ANGLE1Y NI
I I H TO WAYPOINT 3 I 1 H TO WAYPOINT 3 $ I
a , I I  a a S a  S a I
U 5 I I  I I a a  I U I

I I 4 1 $ VERTICAL APPROACH ANGLE Y N H  HORIZONTAL APPROACH ANQLE:v:N:
I I 1 $ TO WAYPOINT 4 1 I H TO WAYPOINT 4 1 1 1
I a I S  I I I S  I S Ia a .. I a a a  a a I

I I 5 1 1 VERTICAL APPROACH ANGLE Y N  1 HOR IZONTAL APPROACH ANQLE Y:N
I I I I TO WAYPOINT 5 1 1 1 TO WAYPOINT 5 I 1 I
I I S I  I a a .  a a I
I I I S  a a a I  a a a

+— —— — +—— —— + +  +—+—++ +—+-- +
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$ DATA
~
WYPT 1: UPPEk )1~ ::LA? L ; a J~~~ ; LOWER DISPLAY 11101

I I 6 II VERTICAL APPROACI-~ ANGLE Y~~~H HORIZONTAL APPROACH ANOLE:Y:N:
I I H TO WAVPOP1T ~ I : TO wA~’~~

(.. TNT 6 1
$ I I -  I I I

I 1 7 1 $ VERTICAL ~‘PPROA?~~’ ANGLE ~~~~~~~~~~ H IZ ’ ~ NT~~L ~~‘ROACH ANOLE :Y,N;
I I $ I TO WAYPOINT 1 11 10 WAYPOINT 1 1 1 1
a a s .  a - ~~~I a I Ua 5 a s  a - a a  a a a

I I 8 II VERTICAL APPROACI-~. ANGLE ‘;~f l t  -~1~I -~~~ L APPROACH ANGLEIY NI
I 1 I I TO WAYPOINT 8 I I -

- ~. WAYPOINT 6 1 1 I
I a S  a a a .  a I I
I I • 5  a I a S  I 5 I

I $ 9 I I  VERTICAL APPROACH ANGLE 1Y ~~~~ MOR~~ZONTAL APPROACH A N O L E Y N I
U TO WAYPOINT 9 1 H TO WAYPOINT 9 1 1

I II I a a a  F 
+—+—++ 

IW IND : 0 U SUM OF NORMALIZED INIY 1 GOODNESS OF SV GEOMETRY I N Y
I $ II RESIDUALS OF NAVIGATION 1 1 H INDEX ( SEE NOTE 4) 1 :
I I II FILTER (SEE NOTE 4) 1 1 H 1 1 1
S 5 ~~ 5 ~ I I l  a a aa a a ,  a a a a  I a a

1 1—9 1 I (NOT USED) 1 1 H (NOT USED) 1 1 I
a I I U a~~ I I II 5 I I  a a a .  I a I

+——— —+—--——++ +—+—++ —+—+—+

ITIME I 0 11 PRESENT DATE. DAY—MONTH— YIYH PRESENT TIME1 HOUR—MINUTE Y Y I
1 $ 1 $ YEAR 1 1 1 SECOND 1 1 I
I $ 1  I I v i  a a a

~~~~ I I 1 H (LEGEND ) I—I— U TIME TO GO TO WAYPOINT 1 ;N;Y;
I I I I 1 1 U FROM PRESENT POSITION 1 1
I a i i S a a s a a aa a t  i ~ 5 5  I I I

I 1 2 H (LEGEND) 1— I — U  TIME TO 00 TO WAYPOINT 2 :N:Y:
$ $ II 1 1 I FROM PRESENT POSITION 1 1
I U S I  a i I I  I I I
I I a .  a a I I  a • a

I 1 3 H (LEGEND) I— I—H TIME TO GO TO WAYPOINT 3 :N:Y :
I 1 I 1 1 1 I I FROM PRESENT POSITION I I 1
I a I I  I I a i  I S a
I I S I  a a S I  . a a

$ I 4 11 (LEGEND) 1— I— U TIME TO GO TO WAYPOINT 4 :N: Y:
I I I 1 I H FROM PRESENT POSITION 1 1 I
I a a a  a S S I  S • i
I 5 I~~ I I I I  I S a

I I 5 1 1 (LEGEND) I — I - - U TIME TO GO TO WAYPOINT 5 N 1Y 1
I I H I I I I  FROM PRESENT POSITION I I 1
• a 5 5  I I 5 5  I i I
a a a  I I a .  . a a

I I 6 11 (LEGEND) 1-1—H TIME TO 00 TO WAYP OINT 6 N V
I I I I I I 1 1  FROM PRESENT POSITION 1 1 1
I U I I  I S U I  a a a
• S . 1  5 I U s  I I a

I 1 7 H (LEGEND) 1-I-U TIME TO GO TO WAYPOINT 7 IN: V I
I $ H I 1 H FROM PRESENT POSITION 1
I a 5 5  a a . i  a i aI 5 a a U S  I I a

1 8 11 (LEGEND) 1— 1 — U  TIME TO GO TO WAYPOINT B IN YI
I I I 1 1 1 FROM PRESENT POSITION 1 1 1
a a S I  a I I •  I a a
I 5 I i  I a a I  I a i

+————+————++ +—+—++ +—+—+
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~~~TTJTiiI~~ Tt
-1

A1~ - 
~~~--~~~ ::~~~~~i ~~~~~~~~~ ~CONTINUED

I DATA I WYPT U J P c  ~~ a~~~~~~~5~~ I •~~~OH LOWER DISPLAY 11 101

$ $ 9 H ( LEGEND ) - ;  - ;  1 TIME TO GO TO WAYPOINT 9 N1Y 1
II 1 1 FROM PRESENT POSITION I 1 I

I I~~ a S S I I
I I I I  5 a I ,  I I I 

-— --—5-Si - - sI.4~
_ -~—~ -— 

1 ALT 0 H PRESENT ~~~~ ~~~~~~~~ S I I S I I  PRESENT U~~~- VEHICLE
I I H ALTITUDE ABOVE MEAN SEA 1 ALTITUDE ABOVE REFERENCE 1 1 I
I I II LEVEL ELLI ~~3IDS WGS—72 I I
I I II OR OR I I I
I I 0 II ALTITUDE OF WAYPUINT 0 ~Y~ N1~ (NOT USED) 1 1
1 1 H ABOVE MEAN SEA LEVEL 1 1 1 I 1 1
I a . a  I 5 5 5  U I I
I S s a  a a a s  a a a

I I 1 II ALTITUDE OF WAYPOINT 1 Y N H  ( NOT USED) I 1 I
$ I I I ABOVE MEAN SEA LEVEL ; I I I I I I

a a a  I a I~~ I 5 I
5 a • s  a I I I  I S i

I 1 2 11 ALTITUDE OF WAYPOINT 2 :y:N: ( NOT USED) I 1 1
I I 1 1 ABOVE MEAN SEA LEVEL 1 1 1 1  1
I I ~~ 5 a s I a  I I I
I 5 a ,  ~ i I .  a a a

$ $ 3 U ALTITUDE OF WAYPOINT 3 IV IN: (NOT USED) I I
-- I I I I ABOVE MEAN SEA LEVEL 1 I H I I

$ 1 $ 11  : : : :
I I 4 II ALTITUDE OF WAYPOINT 4 IVIN H ( NOT USED) I I
$ I I I ABOVE MEAN SEA LEVEL 1 I H 1 1
I I S  s a a .  i i a

~~~ ~ H ALTITUDE OF WAYPOINT S 1 YIN :  I (NOT USED )
$ I I I ABOVE MEAN SEA LEVEL I I H I I
I a a a  a I I I  5 I I
I I a s  a I a a  I I U

I I 6 H ALTITUDE OF WAYPOINT 6 IV INU (NOT USED) 1 1
I I I I ABOVE MEAN SEA LEVEL I 1 1 I I 1
I S S I  I S a a  I I 5S a I I I  I i S I  5 a a

I I 7 II ALTITUDE OF WAYPOINT 7 Y INI I  (NOT USED) 1 I 1
$ I 1 1 ABOVE MEAN SEA LEVEL I I 1 I
I a a a a .  I a aa a , s  a a a .  a I s

I I 8 II ALTITUDE OF WAYPO INT 8 IVINI  I ( NOT USED) 1 I I
I I I ABOVE MEAN SEA LEVEL I I H 1 1 1

I a a ,  a a a a  a a a5 5 I I  I 5 I a I I I

I $ 9 1 1  ALTITUDE OF WAYPOINT 9 IV NH ( NOT USED) I I I
I $ 1 1  ABOVE MEAN SEA LEVEL 1 1 H 1 1
I I I I  I 5 5 5  I I 5
S S I I  I I I I  I U U

+——— —+————++ +—+—++ +—+—+

I SPDI 0—9 1 I PRESENT USER VEHICLE TRUEIV NH ( NOT USED) I I I
I $ II AIR SPEED (SEE NOTE 3) 1 1 I I  I : I
I I 5 5  5 I S i  I I S
I I a s  5 I U I  I I U

+— —— —+— ——— + +  +—+—++ 

I YEL l 0 H PRESENT USER VEHI CLE I N I Y I  PRESENT USER VEHICLE 1 N I Y I
I 1 I I GROUND SPEED I : H GROUND TRACK ANGLE I I
S 5 a a a s  a i a
S I • 5  U I I I  I I U

1 I 1 II PRESENT USER VEHICLE INIYH (SAME AS WYPT 0) IN 1Y I
I 1 H NORTH VELOCITY I I i i  : 1
a a I a a  a i a
S I S I  a S S I  I I I

~~ 5S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ +—+—++ 
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__S  ~~ 
~1-T;;I

-

~A -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I I 2 II PRESENT USER VEHICLE IP4~ VH (SAME AS WYPT 0)
I I H EAST ‘.‘~L~’- IT’ 

I 1 I
I I I~~ a 5 .  I I S
I I I I  • I a I U I

1 3 II PRESEN~ ~~~~ VFWJ’ (~~~~ I~~~~~~
’ 

~~~
- “PT 0) IN Y

I $ $ 1 VERTICAL VELOC ITY I 1 1 1 I
I I • I  a - a .  I a S
a S . a  a I I i  i a a

$ I 4 1 $ RANGE B~AS RATE CF ~~ 1~ I (~~~~~~~~~~ AS WYPT 0) 1 1
I ii NAVIGATION FILTER 1 1 I

I S I I  a 5 I I  a a a
— I S I I  a s a a a a a

I I 5—9H (SAME AS WVPT 0) 1 1 1 (SAME AS WYPT 0) I I 1
I 5 I I  a a i l  I U I

5 I I  a • a .  a a a

+— —— —+————++ +—+—++ 

I PISGI 0 11 (NOT USED) 1 1 N ( NOT USED) 1 1 1
I 5 I I  I S I S  I I
a I a a a a I a  a a I

I 1 1 II ALPHANUMERIC MESSAGE IN IY I (NOT USED) 1 I I
$ I I I FROM SV ASSIGNED TO RCVR 1 I 1 1  1 1 1
I I H CHANNEL 1 1 11  I I I
I I I I  I S i U  I S I
I S • a  I i I I  5 a I

I 2 H ALPHANUMERIC MESSAGE IN I VH  (NOT USED) 1 1 1
I H FROM SV ASSIGNED TO RCVR I H 1 I 1

• I I 11 CHANNEL 2 I II  I I
I S I I  I i I i  I a a

— I I I S  S I . U  S I I

I I 3 U ALPHANUMERIC MESSAGE NIY I (NOT USED) I I
I I H FROM SV ASSIGNED TO RCVR 1 1 II 1 1 1
I I I I CHANNEL 3 I I U I
• I I  a a I a  I I a
I I 5 5  a S • i  I I U

I I 4 II ALPHANUMERIC MESSAGE IN IVI I (NOT USED) I
I I I I FROM SV ASSIGNED TO RCVR I 1 I I

$ U CHANNEL 4 1 1 H I 1 1
• S S I  a a I I  i S Ia I a  a I I I  I 5 I

I $ 5 II ALPHANUMERIC MESSAGE IN IV:: (NOT USED) I I I
1 $ U FROM SV ASSIGNED TO RCVR I I H I I I
I I I I CHANNEL 5 1 I 1 1  1 I 1
a a ~~ a a I I~~ S a a
I a a s  a v a a  a , a 

+—+—++ 

I PE~1$ 0 :: (NOT USED) I 1 I I  (NOT USED) I I I
• S II a a I i  a a I
a I I •  a a a s  I 5 I

$ $ 1 II ABSOLUTE ADDRESS FOR IV IN: I DATA CONTENTS AT ADDRESS I V I Y
I HMEMORY READ/WRITE FUNCTION I I H IN UPPER DISPLAY (SEE 1 1 I

I I II IN MSCP (SEE NOTE 2) 1 H NOTE 2) I
a a a s  a U S I  I a ., a • a  I 5 I I  a a a

$ I 2 II ABSOLUTE ADDRESS FOR IY INH DATA CONTENTS AT ADDRESS $Y YI
I I I I MEPIORY READ/WRITE FUNCTION I I I I  IN UPPER DISPLAY (SEE 1 1 I
I I I I IN NAVP (SEE NOTE 2) 1 I :: NOTE 2) I 1 I
a a a .  a a a .  I I I
I I 5 *  U I S I  I U I

I I 3 II ABSOLUTE ADDRESS FOR V NIl  DATA CONTENTS AT ADDRESS V v:
I I $ IMEMORY READ/WRITE FUNCTION I II IN UPPER DISPLAY ( SEE I I 1
$ $1 IN RCVP (SEE NOTE 2) 1 1 H NOTE 2) 1 1 I

5 - 
+——— —+———— + +  +—+—++ +—+—+
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I DATA WYPT I I UFt~i:k OA ~~~~ ~ a U ’ I LOWER DISPLAY 111 01

$ 1 4—9 1 $ NCT USED) I I 1 (NOT USED) I 1 I
I 5 •~~ a . - a a a
I I I I  - a a a S 

---- -- ---- +—~~
- - -  -- 

I BTAT I 0 II RELATIVE ADDRESS- r - ~-: ~~~-~~~~~ --~~~~~~ DAT A C~JN TE’~5 9  ~T ADDRESS IN I VI
I 1 U COMMUN iCATIONS NEMI~RY N XN aiFi-ER )l,~rLMY (SEE 1 1 1
1 1 H READ/WRITE FUNCTION 1 1 NOTE 2) 1 1 I
$ $ II (SEE NOTE 2. 7) : ~ I I I
$ $ II OR : 1 H OR I
I I 0 I I  CLEAR PRESENT COPY OF IV~ N~ S NOT USED) • 1 I

-
. $ I $ I ERROR MESSAGE IN COMVsUNI—~ 1 :1 : I I

- 

- I I U CATIONS MEMORY FOR ALL I I I 1 1
I $ I $ PROCESSORS (SEE NOTE 6) I H I 1 1

I a s  a a s  I I I
I 5 I S  a • a i  I I I

I $ 1 I ISV NUMBER AND RCVR CHANNELIN Y I STATUS FOR FIRST NIY I
I I H ASSIGNMENT FOR FIRST I I I  NAVIGATION SOURCE I : I
I I 1 $  NAVIGATION SOURCE I I 1 1 I I
S a a .  I a a a  a a I
I I 1 *  a a I S  5 a I

$ 1 2 ISV NUMBER AND RCVR CHANNEL1NIYH STATUS FOR SECOND IN IVI
- I I II ASSIGNMENT FOR SECOND 1 I I I  NAVIGATION SOURCE 1 I

I I 1 $  NAVIGATION SOURCE I I H I I I
a a a a a I a  a a a
I I I S  a a a s  S I I

1 S 3 1 - I SV NUMBER AND RCVR CHANNELINIYH STATUS FOR THIRD
1 $ II ASSIGNMENT FOR THIRD I I 1 I NAV IGATION SOURCE I I

~~~~~~ 

I NAVIGATION SOURCE 1 1 H 1 :

I I 4 1ISV NUMBER AND RCVR CHANNEUN1YII STATUS FOR FOURTH NIV
I I II  ASSIGNMENT FOR FOURTH 1 I I I  NAVIGATION SOURCE I I I
I I I I NAVIGATION SOURCE 1 H 1 1
I S I I  a a a a  a a a
I S I I  a a i s  a a a

I 1 5 I1SV NUMBER AND RCVR CHANNEL NIVH STATUS FOR FIFTH N 1Y I
$ $ H ASSIGNMENT FOR FIFTH I 1 1  NAV IGATION SOURCE 1 I I
I I H NAVIGATION SOURCE I I I  I I I
a a a a  a a s a  s a a
I I a a  a a a .  a a

$ 6—911 (NOT USED) I 1 1  (NOT USED) : I
I S S I  S S I S  S I I
I I S I  S I I S  I U 

+—+—++ 

NOTE 1: THE ORDER OF DESIRED SV’S IS INDEPENDENT OF SV NUMBERS IN UPPER
DISPLAY

NOTE 2: HEXADECIMAL FORMAT
NOTE 3: USED FOR INITIALIZATION ONLY
NOTE 4: NO WIND ESTIMATES ARE AVAILABLE ; THIS POSITION USED FOR

DISPLAY OF DIAGNOSTIC DATA
NOTE 5: THIS POSITION USED FOR DISPLAY OF DIAGN OSTI C DATA
NOTE 6: ENTER FFFF TO CLEAR PRESENT COPY OF ERROR MESSAGE
NOTE 7: WITH FORMAT SWITCH AT ‘MAO ’, LAMP TEST FUNCTION USES THE

WAYPOINT SW ITCH TO TEST EACH COLUMN OF THE DISPLAY
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I DATA 1WYP W/Ll FORMAT 1 RANGE I COMMENTS 1

I RCYR I CI U NUM 
OR 

P~~’F’ ‘C’: G 0  I,
~~rIE~~~ ~~ T IN OPS NAVIGATION MODE. 1

I I 0$ U !NUM ~ : 14=1 TfJ ~ ‘WHEN £~ 
‘~~~~~~~ ~“1IGATIDN MODE;~~HIS:

$ 1 I 1 13 iH~. NU~ bE~-: u—  CURRENT NAY. -

$ I $ I SOURCES.
I a a a aI I I I I a
I I 0$ L CMD ~~ IP O. 1. 00 TO 6; :• -

~ ~S T~- SELECT lODE, 0=AUTOI 1=MAN .
I I I I a~~~ IS RCVR COMMAND, 0=0 RESULTS

-
- I I I 1 I .- ‘40 CHANGE FROM PREV IOUS COMMAND.

a s I a a a -a S S I S U a

I 1 1—5 1 U I8V~~. QW~
.)K I PP=1 TO 24~33 TO 3o WHEN 0=0. 0 IS SUPPRESSED 1

I $ I 1 1 0—0 TO 9.A, B,C .D; WI
I 1 1 1 1=0 TO 5; J0 .  1; K= 1 1

: : 10. 1 1 1

I Il—SI L I DSV ee. IPP=1 TO 24.33 TO 36 DESIRED SV IS ENTERED WHEN IN I
I I I I 1 MANUAL SV SELECT MODE.
I 1 61 U I (NOT USED): i

1 6$ L ILDN Ef. IPP 1 TO 46 I LOCAL DATUM NUMBER . I
a S I I I I 55 5 a I a s 5

• +————+———+———+ + + +

I ERR $ O—9$ U ;ERR PPPP ZIPPPP=0000 TO FFFFI IERROR CODES APPEAR FOR MSCP FAIL:
~~~ 1 1 I I IHEXADECIMAL 1 NAVP FAIL. RCVP FAIL. OTHERWISE

~----~---~---‘ !!~~~ K 
I UTM IO—9I U I PP000WWWWW I PP—1 TO 60. 000 AREIPOSITION, MILITARY GRID REFERENCE :
$ I $ I I LETTERS, A—Z.EXCEPT I SYSTEM; PP IS ZONE NUM. . 000 ARE :
I I I I 11,0; WWWWW O TO I ARE ZONE, COLUMN. ROW LETTERS. I
I $ I 1 1 99999 I WWWWW IS EASTINC; SEE NOTE 1.
I I a a a a Ia s a I I S a

$ 1 0—9 1 L 1 WWWWW WWWWW O TO 99999 NORTHINO; POSITION INPUT FOR
I 1 1 1 I IEA STI NG AND NORTHIN G AT WYPT
I I I I I 1SWITCH=0 USED FOR INITIALIZATION I
I I I $ I 1 ONLY. NO DISPLAY ECHO.
I 5 I I I I a
I I I I I U I

+————+———+———+ + + +

I LAT IO—91 U I JPPP GGWWWIJ N.S; PPP O TO 89; IPOSITION. LATITUDE; N OR S. THEN I
I I I 1 00=0 TO 59. WWW=0 I DEGREES, MINUTES. SECONDS WITH I

I 1 I 1 ITO 59. 9 ITENTHS OF SECONDS; SEE NOTE 1. I
S S I I I a a
I I a * I I I

$ 1 0—9 1 L hJPPP GGWWW I J=E.W.PPP=0 TO 179; I I
I I I I 1 00=0 TO 59; WWW O LONCITUDE, EAST OR WEST. THEN I
I I I 1 ITO 59.9 I DEG.. MIN. . SEC; POSITION WITH I
I I I I I WYPT SWITCH=0 USED FOR INITIALI—
I I I I I IZATION ONLY. NO DISPLAY ECHO. I
I I I I 1 1

5-- - 
+———— +——— +——— + + + +
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.DATA $~~YP U/L FORMAT RANGE NOTES

S RNQI 01%). LI (NOT USEDfl I I
* I I a S a
I I S I a - I

I $ 1—9 1 U IRO PPPFPNM I PPPPP=O TO 99999 I RANCE ra WAYPOINT. NAUTICAL
I I 1 1 ~1ILES.

I 1—9 L BRGPPPPPDT I PPPPP O TO 99999 • BEARIN~ TO W~Xz~OINT, DEC. TRUE;
I - 1 1 I 1 I USE FOR IAT SWITCH TO GET DECREES~I I I I I ~MAGNE i~~. k~~A a.iOLT.
• a a I 5 - a
I • a I a a

+ + + ~~~~~~~+ + + 4

IXTRK OIU.L1 (NOT USED)
I I S I a I a
I S U I S I S

I I1—9 I U lyE PPPPPFT I PPPPP O TO 99999 I VERTICAL STEERING ERROR . I
I S S S I I -

— I I I I S

Il—9 I L XT PPPPPFTIPPPPP O TO 99999 HORIZONTAL CROSS—TRACK ERROR.
I 1 I I 1 I I

+— ——— +——— +—— —+  + + +

I HDQ I 0$ U IHDG PPPPDT IPPPP=000. 0 TO 359. 9IUSER VEHICLE HEADING USED FOR’
I I I I I IINIT. ONLY; SEE NOTE 2.
a I I I 5 a a
a S a a a a a

1 1 01 L I VAR 0000DTI 0000=—99.9 TO 359. 9IMAGNETXC VARIATION IS ADDED TO I
I I I 1 1 IHEADING ( DT ) TO GET DEG. MAO. ; I
I I I I SEE NOTE 2.
$ $ 5 a a S

‘
~~~~, 11— 9 1 U ;DVA PPPPDT IPPPP —90. O TO 90. 0 DESIRED VERTICAL APPROACH ANGLE

I $ I I 1 ITO WAYPOINT . I
• 5 U I U I 5
5 I S I S a a

I 11—9 1 L DTK 0300DTI0000 O TO 359.9 DESIRED HORIZONTAL APPROACH I
$ I I I I 1 ANGLE TO WAYPOINT. USE FORMAT I
I 1 1 1 1 SWITCH FOR DEGREES MAGNETIC;

I I I SEE NOTE 2. 1
a a I I a a I
S I I I U I a 

+ + +
IWIND I 01 U I SNRPPPPP IPPPPP=0 TO 9999.9 SUM OF NORMALIZED RESIDUALS. I
I I I I S I I
a a I S I  S I

I 1 01 L QOOG0QG~ 1 00000=0 TO 99999 I000DNESS OF GEOMETRY.
I I I I I I II S I S S I 5

+— —— —+—— —+— — —+  + + + 
-

ITIME I 01 U UIDYPPQGWW IPP 1 TO 12; 00=1 TO PRESENT DATE: MONTH. DAY. YEAR. 1
1 1 31; WW 78 TO 99

I $ 0$ L IHMSPPGOWWW PP O TO 23; 0G0 TO 1 PRESENT TIME: HOURS. MINUTES. I
I $ 1 1 1 59; WWW O TO 59.9 :SECONDS WITH TENTHS OF SECONDS. I
a a a a a S aa a I I a I a

I 1 1—91 U ITIME TO 00$ ~LEGENDS 1
S a a I I a a
• I S S I a a

I I 1—9 1 L IHPISPPQGWWW 1 (SAME AS HMS ABOVE) I TIME TO TRAVEL TO WAYPOINT . WHEN I
I S I 1 IMOVING ALONG DESIRED HORIZONTAL
$ I $ I APPROACH ANGLE .
• a • a a a a
S I a I a a 

+ + +
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~DATA 1 WYP lU/L I FORMAT ; RANGE I NOTES I

I ALT I 01 U 1MSLPPPPPFTIPPPPP=—9999 TO :MEAN SEA LEVEL ALTITUDE; INPUT I
I I I 1 1 99999 ‘~ ‘I’H WVPT SW.=0 USED FOR INIT. I
I $ I I WNLY, NO DISPLAY ECHO. I
I I I 1 a 

-

1 1 0: L I QEOPPPPPFT1(SAME AS MSL) W~~S-- 72 0EODE.~~2.C ALTITUDE.I I I I I I -

I 1 1—9 1 U ALTPPPPPFTI(SAME AS MSL) ;WAYPO~~~ MSL ALTITUDES.
I I S I a I I
S I a a a I 

+ + 5’

I SPDI 01 U ISPDPPPPPKflPPPPP=0 TO 32767 I TRUE AIR SPEED, KNOTS; USED FOR
I I I I I IINIT. ONLV; DATA I/O FOR WYPT O—9 .
I 5 I I I I a
I S I I I S a

S + + .4-

I YELl 01 U 109 PPPPPKT PPPPP O TO 99999 IGROUND SPEED IN KNOTS. ALSO
I I I I I IDISPLAYED IN WYPT 5—9. 1
a a I 5 I a a
I 5 5 I I I I

I I 0$ L 10Th 0030DTI00000= 0 TO 359.9 IGROUND TRACK ANGLE IN DEGREES I
1 1 I I ITRUE; USE FORMAT SWITCH TO 1
I I $ 1 1 IDISPLAY DEGREES MAGNETIC. 1
S 5 I I I 5 5I I I I I U a

I I 1$ U IVNIPPPPPKT PPPPP=0 TO 99999 NORTH VELOC ITY. INERTIAL. 1
• S a a

1 I 2$ U VEIPPPPPKTI PPPPP O TO 99999 EAST VELOC ITY. INERTIAL.
‘ 1 $ $ 1 1 1 1

I I 31 U VVIPPPPPFM I PPPPP —9999 TO I VERTICAL VELOCITY, INERTIAL, I
I I I I I 99999 IROUNDED TO NEAREST 50 FEET—PER I

I MINUTE.

I I 41 U IRBRPPPPPMS PPPPP=—999. 9 TO IRANGE—B IAS RATE IN METERS—PER I
I 1 I 1 9999. 9 I SECOND. A NAV FILTER PARAMETER . I
I a a a a a
S I S I I a a

+—— —— +—— —+—— —+  + + +

I P1501 0: UNOT USED)I 1
I $ I I 1 I $
$ 1 1—5 1 U 1 _________I (N/A) 1 ALPHANUMERIC MESSAGE DECODED 1
I $ I 1 1 :FROM SV DATA, 24 CHARACTERS MAX. I
I I I I I I 5
I S I a s a a

+————+——— +——— + + + +

I ~~N I 01 $ (NO USED) 1 I
I a I S I a a
U I I a a a a

$ 11—3 1 U IADR PPPP Z PPPP=0000 TO FFFF. I ABSOLUTE BYTE ADDRESS FOR MEMORY I
I $ I I IHEXADECIMAL READ/WR ITE FUNCTION. I
S a S S I I U
S I S I I S a

$ 11—3 1 L ICNT 0000 ZI0000 0000 TO FFFF. I CONTENTS FOR ADDRESS ABOVE. I
I I I IHEXADECIMAL I

I S S S Ia I I I a a
+———— +——— +——— + + + +
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1DATA $WVP IU/LI FORMAT ; RANGE I NOTES I

I BTAT$ 0 U I STA pPpp Z PPPPa0000 TO OFF7, IRELAT IVE WORD ADDRESS FOR STATUS I
$ $ $ 1 :AND F~FF, HEX. ~INDICA’~ION IN COMMUNICATIONS
$ I I I $ UIEMORY.
5 5 5 I a a

1 1 Cl L ~RSL 0000 Z 0000 0000 TO FFFF, ~RESUL~ OF S~1~~i~~~ INQUIRY.
$ I I I IHEXADECIMAL -

a a a a I -
I I S a a a -

I 11—S I U ISV~E, RN Q~ $PP O—24 .33—37; QG= :~~1 ID AND RCVR ASSIGNMENT1 I
I : 1 1 0—5 IQRDERED BY NAy. SOURCES.

- — a a a a a
— a a a . a I

I l—SI L 1 STAT ~ 1 W=0—5 NAV. STATUS. I
I 5 I I S - I a
a I a a a S

+————+——— +——— + + + 

- -I
NOTE 1: FOR A WAYPOINT TO BE CONSIDERED VALID. CDU KEYBOARD ENTRY MUST

BE MADE FOR : (1) LATITUDE1 LONGITUDE. ALTITUDE; OR (2) EASTINO,
NORTHINO. ALTITUDE. MIXED MODES ARE ALLOWED1 I. E.. SOME WAYPOINTS
IN LAT/LON AND SOME IN UTM. THIS PRACTICE IS STRONGLY DISCOURAGED,

- SINCE NO DIRE CT INDI CATI ON OF ORI GINAL INPU T FORMAT IS DISPLAYED
ON THE CDU.

NOTE 2: IF VALUES FOR HEADIN G AND HORIZ ONTAL APPR OACH ANGLES ARE TO BE
INPUTTED AS ‘DEGREES MAGNETIC’. THE MAGNETIC VARIATION MUST BE
INITIALIZED FIR ST, EVEN IF IT HAS A VALUE OF 0.
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m i  alLza~ A o .~ t~~~o t j ~r~

Initialization of the h~J t h~ consists of six parts:

cold—start almanac. master time delay calibration , OPS time.

user ve loc i ty,  user posi tion1 and navigat ion subsystem

update.

Prior to HDUE operation. t~~e Q- :~erat~~r shc~~id have a

valid set of almanacs for all the SV’S ror which he will a

acquire and track GPS signals. Optimum performance for

receiver acquisition of the SV PRN codes are dependent upon

prior knowledge of the range rat e between the user and each

desired SV. This range—rate aiding is computed by the NAVP

subs~jstem using a ‘cold start’ almanac (residing in the

MSCP memory ). plus operator inputs for time, user position

an d velocity. A valid set of almanacs is defined as the set

of SV Data Block III parameters centered on a day no more

than three and one—half days away from the desired time of

HDUE operation. An almanac set which does not coinc ide with

this time window will degrade ~j~j SV PRN acqu isition

seau enc e . that is. the sequence w ill re quire extended t ime

to complete . or fail to complete. Specifically , the

calculated range—rate aiding must be within plus—or—minus

250 meters—per—second of the actua l range—rate for the first

two SV acquisitions. and with in plus—or—minus 100

meters—per—second for remaining SV’S. A good practice.

t h en, is to periodically operate the HDUE to obtain an

almanac set for future use. Since each SV transmits valid

almanac for every operative SV in earth orbit. the HDUE
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operator need o~~~y a;ct-~~~e ~ir~:. ~—a c k one SV for a few

minutes , unti l the almanac val:Jity flags in Communications

memory are set for every desired SV almanac. Then. the

operator can use t~ e (;DU Memoru—F~ead func.tion to recover the

data. Table 3.2.5—3 lists the absolute ~~ xa oecim a i

addresses in the MSCP memory for tht~ vali~~ity + a ~-js and the

almanac parameters for each SV. To use this data at a

future date, this table also shows the addresses where the

operator can load the a lmanac data, us ing the CDU k
Memory—Wr ite function. The following procedure explains the

ste p s to recover almanac from the HDUE Processor memory

(addresses and values are hexadecimal ):

1. Acquire and track at least one SV.

2. Using the CDU Memory—Read function for the Master
State Processor. monitor the data validity flags for
all SV’S for which almanac data is desired. Flag 0000
means no almanac; flag FFFF means processing complete.

3. Record the value of the GPS week number at address , D140.

4. Record sixteen words of almanac. beginning at the start
address. Use the decimal key on the CDU to increment
the addressi the minus key decrements the address.

5. Word thirteen of the alm anac is ‘SV health ’ (normally
zero). If it is non—zero, do not use this almanac.

6. Substitute the OPS week number for SV health when making
the fina l form of the cold—start almanac.

7. When th is cold—start almanac is needed at a future time.
use the Memory—Write function in the MSCP to alter the
contents of the memory locat ions, beginning with the
starting address for each SV for which the more current
almanac is desired.

PAGE 69

L - 
- - - - - =-=- 

~~
- - -i



- ——j - -.-—-— ,——---- - -- -------- - 
.5-——--- -- ~~~~~~~~~~~~~~~ —.- --,--- -,~~~

------ --——— ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——~ __,._. ••—~~ 
.-.. - . -

~ -i - -— - . -5- - —--~
. 

- 
. 

-

.1

TA!3LE 3 2 ~-3 SV ~~ ~i- -~~ ’~C ~~~
- . X - - DEcr ’ !A L ADDRESS MAP

I SV I RECEIVED ALMANAC 1 COL —START ALMANAC 1
I 1 START ADR I H~~A1.~~ 

- 
~~~~~~~~ ~flP 1 VA 11’ a T ADR I WE EK 1 END AD R a

+————+ + + + + + + 
I 1 I ElSE I r~~~ r 

~ 01~~ 1 90LE
1 2 1 E17E E196 1 EI9C I E4~ c~ P C2c ~ 1 9038 903E

3 I E19E 1 E 186 1 EIEC 1 E’+~2 H -~O40 1 9058 905E
1 4 E1BE 1 E1D6 E1DC ~~94 H 9060 1 9078 1 907E -

I 5 I E1DE 1 E1F6 I EIFC E4~~ 1 9080 1 9098 1 909E
1 6 1 E1FE I E216 I E21C 1 E498 H 90A0 1 90138 1 9013E
1 7 I E21E I E236 I E23C E49A 1: 90CC 1 90D8 1 9ODE -

I 8 : E23E I E256 I E25C a E49C 90t0 1 90F8 1 9OFE 1
1 9 I E25E I E276 I E27C E49E H 9100 1 9118 1 911E
1 10 I E27E E296 I E29C I E4AO II 9120 1 9138 913E
I 11 1 E29E 1 E2136 1 E2BC I E4A2 H 9140 1 9158 1 915E I
1 12 1 E2BE 1 E2D6 1 E2DC I E4A4 H 9160 1 9178 1 917E I
I 13 I E2DE 1 E2F6 I E2FC I E4AÔ I I  9180 I 9198 I 919E
1 14 1 E2FE 1 E316 I E31C I E4AB 91A0 1 91138 1 91BE
1 15 I E31E I E336 I E33C I E4AA H 91CC 1 91DB 1 91DE I
I 16 I E33E I E356 I E35C I E4AC 91E0 I 91F8 1 91FE I
1 17 1 E3SE I E376 1 E37C I E4AE I I  9200 1 9218 1 921E I

- - 1 18 1 E37E I E396 I E39C I E490 H 9220 1 9238 1 923E I
19 : E39E : E3136 I E3BC I E4B2 11 9240 1 9258 1 925E I

1 20 : E3BE 1 E3D6 I E3DC 1 E4B4 1 1 9260 1 9278 1 927E I
-~~~~~ 1 21 I E3DE 1 E3F6 I E3FC I E4B6 H 9280 1 9298 1 929E I

I 22 I E3FE 1 E416 I. E41C : E4138 I I  9280 1 9298 1 929E 1
1 23 I E41E 1 E436 : E43C I E4BA I I  92C0 I 92DB 1 92DE I
I 24 1 E43E I E456 1 E4SC 1 E4BC H 92E0 1 92F8 1 92FE I 

+ + + +4- ---- + + +

NOTE: THE CURRENT WEEK NUMBER MUST BE SUBSTITUTED FOR SV HEALTH WORD WHEN
BUILDING A COLD—START ALMANAC . THE ADDRESS WHERE THE OPS WEEK NUMBER
CAN BE FOUND IS ‘D140’.
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The maste~’ time ~el~~ (MTD ~ 
-~~jii~ia~~i on in the RECEIVER

- - LRU mea sur es ana records. automatically , the propagation

delay s in the R. F. signa l p a t h s  for each channel, at both

frequencies. and for each antenna port. The MTD calibration

must be performed. as a minimum. Dnc.~ after a master reset

of the HDUE processors~ addit ional c-ali~ rations can be done

at any time, as long as all receiver channe.~s are idle . The

MTD sequence can be started with a single command. and, when

completion of the MID is indicated , cancelled in the same

manner.

— a Ia a

-
. I NOTE I

$ OPS TIME MUST BE VERIFIED AFTER ANY MTD CALIBRATION 1

a aa a

To command an MTD sequence. turn the Data switch to RCVR.

turn the Waypoint switch to zero, enter ‘03’ in the lower

display . Wait for the upper d isp lay to ind icate ‘F3 ’

(approximately one minute ).

The operator should initialize OPS Time with hi s best

estimate of present date and Oreenich Mean Time. The

reference day for the OPS System is ~Januar g 1. 1978. which

is a Sunday; this is the default date at system power—up.

Since the year entry on the CDU is two digits. any date

between 78 and 99 is for the 20—th Century. and any date

betwee n 00 and 77 are for the 21—th Century.

The i nitial user velocity consists of two parts :
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heading. and true air ~pes~ J~~ the best estimates of

both ; velocity (direction and magnitude ) is assumed to be

constant during the acquisition sequence which follows. If

the user is static. no keyboard entries are necessary.

To init ialize position. t~~e o p erator must mak e

available a ‘best est imate ’, either L1VIITUDE/LONGITUDE or

UTM. for the user veh icle position. One of the nine

-
- waypoints can be used for this , or  a temporary position

buffer available ~or position in i-~ialization (Waypoint

switch position 0). If the user is moving , then the initial

position should be one at which the vehicle will pass at the

navigation update. described next.

The system update commands a complete navigation

initialization process. initiated by the operator. The

update is commanded. using the update key on the CDU.

This completes the HDUE initialization. The following

exa n~p le procedure details each step of the initialization

sequence. Assume that all software has been loaded.

including a valid cold—start almanac.

Scenario: User veh i cle mov ing at a

constant altitude of 10.500 feet. true

air speed of 250 knots, heading of 56

degrees. magnetic. The vehicle will

pass over a landmark at 32 degrees. 49

minutes. North. and 96 degrees. 52

minutes. West. The magnetic variation
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1. MID Data sw. )  RCVR
Wypt sw. > 0
Enter. lower ~~~~~~~ > Q~.
(wa it as upper- disp lay sequences from ‘C3’
to ‘F3’ in apr x..m.~teli~ one r-~ nute)
Enter. lower d.splay > Qj

2. TI ME Data sw. => Tlt ’,E
Wypt sw. => 0
Enter, up per display > ~month .~~L.ueav

)
Enter, lower displa y => (hou-r,minute. sec )

3. VELOCITY Format switch > MAO
Data sw. =) HDG
Wypt sw. =) 0
Enter, lower display > —150
Enter, upper display => Q.~~Data sw. =) lAS
Wqpt Sw. )  0
Enter. upper display > 00250

4. ALTITUDE Data sw. > ALT
Wypt sw. => 0
Enter. upper display > 10500

5. POSITION Data sw. => LAT
Wypt sw. => 0
Enter, upper display > N03249000
Enter. lower display > W09652000
(key board entry at Wypt O is not echoed
to display after ‘ENT’ is pressed )

6. UPDATE (when user vehicle passes over landmark)
Data sw. )  LAT
Wypt sw. ~> 0
Depress ‘UP’ key
(initial position then appears in the
display and beg ins propagating according
to user velocity )

E. Ac ouisiti on ~~j  T rackin~ Command

The SY acquisition and tracking sequence is initiated

through one of several combinations of commands and SV

constellations. Once begun . the process is controlled

automat ica l l y by the receiver processor. The operator
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determines one of t~io t~V ~c~~ on modes. manual or

automatic. and one of two acquisition /tracking commands, C/A

acquisition — C/A track or C/A acquisition — P track.

When the automatic SV selection .node i~ used . the

Navigation Subsystem selects the optimum set ~~~~~ a~V ’3 to be

tracked for OPS measurements. For the manual mode. the

-

- 
operator inputs the desired set of SV’S tnrough the CDU. In

either case. the normal SV constellation consists of four SV

identification numbers (ID’S). with the minimum number of

satellit e s being two and the maximum , five.

a a
a a

1 NOTE

I TWO AND THREE SV CONSTELLATIONS CAUSE A DEGRADED GPS 1

I SOLUTION

a a
a a

The following example sequence details the CDI) entry

procedure for SV acquisition and tracking. Assume that all

initialization has been completed.

Scenario: Use manual SV selection.

Constellation is SV’S 4, 6. 7. 8. Use

receiver command for C/A acq. / P track.

Da ta sw. => RCVR
Wypt sw. =) 1
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WgDt sw. ~> ~-- Enter. lower disp lay => Q~
Wypt Sw. =) 3
Enter, .ower dis ~~lag > ~~~

Wtjp t SW . => 4
Enter. lower riisp lay )  Q~
Wypt Sw. > 0

- Enter. lower display > Q~~

During the acquisition sequence and subsequent tracking

process. receiver status information is available in the

upper display for Waypoint switch positions 1 through 5.

corresponding to the receiver channels. The display shows

the SV assigned to that channel . and the status, mode.

frequency. and antenna. in the form of a packed. 4—digit

number. Table 3.2.5—4 shows the number code definitions for

thes e as well as for the receiver commands.

I NOTE I

I I
a a

I FOR THESE FIVE SWITCH POSITIONS. THE RECEIVER—

ASSIGNED SV NUMBER IN THE UPPER DI SPLAY BEARS I

I NO NECESSARY RELATION TO THE DESIRED SV NUMBER IN :

I THE LOWER DISPLAY

a a
I ,

When the acquisition sequence is complete. i. e. . all desired -

By’S are being tracked. the upper display. Waypoint switch

at 0. changes from CX to FX. where X is the last—entered
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TABLE 3.2.5—4 CIX- ~E~~~i~~aR - - ~~~~~~~~~~~~ ~~~ STATUS CODES

I COMMAND I DESCRIPTION
+ + +
1 0 1 (Nfl AC~~ION T~~-~: N I
1 1 I SOFT CANCEL I
1 2 1 TOTAL DLE I
1 3 1 PITt)
1 4 I C/A ACc~UISITIC~~/ C/TRACK I
I S I C/A ACQUISITION/. . TR~i~~& I
1 6 I P ACGUISITION/ P F~AC~.-

- 
1 7 1 PRECISION I
I I

~ 

.L
1 0 1 IDLE
1 1 1 VCXO CALIBRATE I
1 2 1 VCXO SET .

1 3 1 NOISE CALIBRATE
$ 4 I C/A SEARCH
1 5 1 CODE CENTER I
1 6 I BIT SYNC.
1 7 1 P—CODE INITIALIZATION
1 8 I RANGE—RATE MEASUREMENT I
1 9 I C/A RANGING I
1 A I C/A WEAK-SIGNAL-HOLD-ON 1
: B P RANGING
I C 1 P WEAK—SIGNAL—HOLD—ON I

D : REACQUISITION I
I aa a

I MODE I DESCRIPTION I
+ + +
I 0 1 (NOT USED)
I 1 I C/A SEARCH, C/A TRACKING 1
1 2 1 C/A SEARCH, P TRACKING
I 3 1 P SEARCH. P TRACKING 1
1 4 1 (NOT USED)
1 5 1 MASTER TIME DELAY I

1 FREG. 1 DESCRIPTION I
+ + +
1 0 1 Li

a a
a £ a a
I Ia a
I ANTENNA I DESCRIPTION
+ + +
1 0 1 UPPER I
1 1 1 LOWER $
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_ _E. Sustem Alert  ~~j  karning ~~~~~~~

- - Alert  messa g es ar e initiated by the Display software

task (and related subtasks) in response to error conditions

du. to improper CDI) operation. The alert message appears in

the upper display. and can be cleared using the CLR key.

1. ENT 2SHORT — ENT key was depressed be i~ore filling
all required input positions.

2. ALPHA ERR — Letter value expected for this digit
but something else was entered.

‘I
3. NUM ERR — Numeral value expected for this digit

but something else was entered.

4. HEX ERR — Hexadecima l value expected but something
else was entered.

5. ENT 2 LONG — More input characters were entered than
expected.

6. SWITCH RNG — No display available with current Data
and Waypoint switch settings.

7. NO FREEZE — Mark key was used before Position Freeze
command.

8. NO INPUT — Data values were not preceeded with prefix
IN1 or 1N2.

9. NO ALMANAC — Almanac does not exist in MSCP memory
for this SV; last entry is reset to zero.

Warning message s are initiated by system self—tests in

the priority listed below , the first being the top

priority. The Caution Lamp will be on as long as the error

condition exists. For processor failures, the caution lamp

f lashes to catch the attention of the operator. The warning

I , 
- 

message dis play can be cleared using the CLR key. See
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Paragraph ~~ . 4. 2. System E~-ror ~~~~~I - r  t a ng .. f or des:ript ions of

the specific processor fDilure error codes.

1. MCSP FAIL — Master State Control Subsystem
failure. Errcr odes are dis iaqed at
ERR setting of ~ata Switch.

2. NAVP FAIL — Navigation Sui system Failure.
Error codes are d i~~~~ayed at ERR
setting of Data Switch.

3. RCVP FAIL — Receiver Subsystem Failure.
Error codes are d isplayed at ERR

- 
- - setting of Data Switch.

4. INIT TIME — Time has not been initialized.

5. INIT P08 — Position has not been initialized.

6. IRK FAIL — Communication between the MSCP and
RCVP -through the STDM Bus has been
interrupted.

7. RCVR FAIL — The Receiver Processor has logged
I~~~~ a hardware failure in the Receiver LRU.

8. REACO FAIL — Automatic reacquisition of an SV
signal in LOS has failed~ concentrated
search has begun for that SV.

9. WYP BEHIND — Absolute value of (desi-red—ho-riz. —approach—
angle minus bearing—to—waypoint ) is greater
than 90 degrees . i. e. • w a y p o i n t  i s  b e i n g
approached from behind desired approach.

10. LAST ENTRY — Last entry was illegal or out of range.

11. SV MESSAGE — An alphanumeric message is available for
display at Data Swi tch setting. MSG.

12. SYSTEM 00 — The default message. when no error
conditions exist.
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3.2.6 I n s t r ume n t a t i o n  Interface Unit Support Function

The III) Data Blocks are deEcr~ bed b.i~ ow with regard to

function. timing. word number. i~ior description. -‘.~~ue ty pe.

and unit of measurement:

A. BLOCK NO. 002 (BASELINE BLOCK)

Function: Measures HDUE motion accuracy and inputs data to EDU.

Format 1
‘1

Timing : Data in block is valid at 0. 1 sec before 3. 84 sec

boundary. IRIG and FTF are for this instant.

Note: Requires Hewlett—Packard Floating Point Format

Word ~~~~~. Description Value Type Units

I~~~~ 1 ID and number of words I*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4 IRIG time. upper word BCD sec.ms

5 IRIG time. lower word BCD hr .min. sec

6— 23 Direction cosine matrix HPDPFP na

24— 26 Current user veh. altitude HPDPFP meters

27— 32 Current user ENU velocity HPFP rn/sec

33— 34 Baro altitude (user input ) HPFP meters

B. BLOC K NO. 006 (BASELINE BLOCK 006 (MODIFIED))

Function: Inputs channel status and satellite vector to

EDU status display
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Timing: Same timing as BLOCK OO~

Word Na.. Descriotion Value Tuoe Units

1 ID and number of worais 1*2 na

2— 3 Time at which navig~~- ion interrupt *4 2Oms

was issued (since start of nay, mode )

4 Almanac/Ephemeris usage flag 1*2 na

• 
5— 7 RCVR I — Delay. SV ID. Status 1*2 na

9— 11 RCVR 2 — Delay. SV ID. Status 1*2 na

13— 15 RCVR 3 — Delay. SV ID. Status 1*2 na

17— 19 RCVR 4 — Delay. SV ID. Status 1*2 na

21— 23 RCVR 5 — Delay. SV ID, Status 1*2 na

24— 27 Channel health words 1*2 na

28— 32 (unused)

‘~~~~... 33— 36 Satellite vector 1*2 na

C. BLOCK NO. 007 (FILTER ANALYSIS BLOCK 2) - -

Function : Inputs data to EDU Format I and EDU status display.

and monitors filter performance

Timing: Same timing as BLOCK 002

Not.: Requires Hewlett—Packard Float ing Point Format

Wor d Na.. Description Value Tuoe Units

1 ID and number of words 1*2 na

2— 3 Time at which  navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4—135 Filter covariance square—root HPFP na

matrix after last covariance
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propagation

136—159 (unused)

160 No. of meas. incorp. on this pass 1*2 na

D. BLOCK NO. 010 (BASELINE BLOCK 010 (MODIFIED).

Function: Inputs pseudo—range residuals to EDU Format 1.

and monitors filter performance

Timing: Same timing as BLOCK 002

Note: Requires Hewlett—Packard Floating Point Format

Word Na.. Descriptioii Value Tune Unit~

1 ID and no of words 1*2 na

- 
2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode)

I~~~~ 4— 17 (unused)

18— 27 Pseudo—range residuals by HPFP meters

generic SV (set of five, assigned

by nay)

28— 49 (unused)

50— 57 Pseudo—range residuals by HPFP m e t e r s

generic SV (only active nay sources.

up to a maximum of four )

E. BLOCK NO. 011 (BASELINE BLOCK 011 (MODIFIED))

Function : Inputs range—rate residuals to EDU Format 1.

and monitors filter performance

Timing: Same timing as BLOCK 002
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Note: Requir~ s h~~~.~ett—Pac k~ir~.. ~~odtin g Point Format

Word Na.. Descript ion Value Tuoe Units

1 ID and number of words 1*2 na

2— 3 Time at which nav iget~-on interrupt :*4 2Oms

was issued (s ince start of nay. modes

4— 17 (unused)

18— 27 Range—rate residuals by generic HPFP met/sec

SV (set of five, assigned by nay)

28— 49 (unused)

50— 57 Range—rate residuals by generic HPFP met/sec

SV (only active nay sources. up

— to a maximum of four)

F. BLOCK NO. 018 (VARIABLE)

Function : Allows output of any contiguous set of 85 words in

Communications Memory

Timing : 3.84 Sec. not critical

Notes: This is the only block with a variable starting

address. The starting address is established by

the operator via the CDI) Memory—Write function at

address. ‘D9BC ’ (hex). M2IIUT transmits this

block b y  l oad ing the s tandard 3—word preamble

into the IIU. M2IIUT then puts the block

starting address into word 4. and fills the next

word with anything. and finally , loads the next

85 words of contiguo us memory starting at the

ad d re ss into the IIU. The starting address is
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measured from ~~e first wor-~ in the MNXXXX Common

Block. The EDU can display the first 65 words of

this 90—word block. This block will allow the

op erator ~o displa y any part of the

Communications Memory on the EDU. except for the

eight executive words that precede MNXXXX.

Wor d ~4a.. Description Value Tuoe Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4 Starting address (relative ) a-P 1*2 na

block in communications memory

5 (unused)

6— 90 Variable data 1*2 na

0. BLOCK NO. 201 (NAY. FILTER INPUT)

Function: Records corrected pseudo—range and pseudo—range rate

at the input to the filter , the SV positions and

velocities, and the filter states. This data allows the

computation of a fix using the data in BLOCK 202.

Timing: Same timing as BLOCK 002

Notes: This data is the data at the input to the filter.

It should be the raw pseudo—range and pseudo—range rate

after being corrected for the adjustments made by

the NAVP and after being appropriately scaled

and biased.
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Word ~~ ~Hscript1on Valve Tuoe Units

1 ID and number of words 1*2 na

2— 3 Tim. at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4 Week Number 1*2 na

• 5— 6 Time epoch 1*4 2Oms

7— 26 Pseudo—range 5SV R*B meters.

27— 36 Pseudo—range rate 55V R*8 met/sec

39— 58 SV X position R*S meters

59— 78 SV V position R*8 meters

79— 98 SV Z position R*8 meters

• 99—108 SV X velocity R*4 met/sec

109—118 SV V velocity R*4 met/sec

119—128 SV Z velocity R*4 met/sec

131—142 Filter states 1—3 (position ) R*8 meters

143—148 Filter states 4—6 (velocity ) R*4 met/sec

149—154 Filter states 7—9 (accel) R*4 met/sec**2

155—158 Filter state 10 (range bias ) R*8 meters

159—160 Filter state 11 (range—bias rate) R*4 met/sec

149—150 (unused)

H. BLOCK NO. 202 (CORRECTIONS AND FILTER GAINS)

Function: Records corrections to raw measurements and time. the

ranges to the SV’S1 and the filter gain matrices

of the filter. The data in BLOCKS 201 and 202

would allow a fix to be calculated without the filter,

assuming that data from four SV’S were present.
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Timing: Same timing as BLOCK OO~.

Note: Requires Hewlett—Packard Floating Point Format

This data is the data used by the filter in working with

the transmitters. Only one option comes down per block.

Ward ~~ Description Value Tuoe Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4 Option 1*2 na

5—114 Option data

<* OPTION 1: Corrections *>

5— 14 lono/tropo corrections for 5 SV’S R*4 meters

15— 24 Antenna lever—arm correction 56V R*4 meters

25— 34 Clock correction 5SV R*4 meters

35— 36 Fudg. factor R*4 na

37— 56 Innovation factors 5SV — Range R*4 na

and Range—rate

57— 60 Filter reference time R*8 2Oms

61— 80 Computed ranges 5SV R*8 meters

81— 90 Computed range—rates 5SV R*4 met/sec

91— 92 Sum of normalized residuals R*4 met**2

C* OPTION 2: RANGE GAINS *>

5—114 Range gains R*4 na

(a OPTION 3: RANGE RATE GAINS a>
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5—114 Range—rat. gains R*4 na

I. BLOCK NO. 206 (INPUT MEASURFM~NTS FOR NAVP. )

Function : Records raw inputs from -eceiver

Timing: 0.64 Sec1 boundary critical

Notes: Contains upper and lower buffers 0f receiver input

Wor d N9.. Description Value Tuoe Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

— 4—109 Communications Memory Array , MNRSIO (1—106)1

Raw Measurements:

I
”.. 4— 5 Epoch number at rngng. upper buf 1*4 na

6— 7 Epoch number at rngng, lower buf 1*4 na

8 Week number at rngng~ upper buf 1*2 na

9 Week number at rngng~ lower buf 1*2 na

10— 11 Latitude 1*4 BAM

12— 13 Longitude 1*4 BAM

14— 23 Pseudo m g  by RCVR. upper buf 1*4 na

24— 33 Pseudo m g  by RCVR D lower buf 1*4

34— 43 Epoch by RCVR , upper buf 1*4 na

44— 53 Epoch by RCVR, lower buf 1*4 na

54— 63 Delta m g  by RCVR , upper buf 1*4 na

64— 73 De l ta m g  by RCVR I lower buf 1*4 na

82 Velocity. north 1*2 a
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83 Velocitg~ east 1*2 *

* 80 Knots / 32767

84 Copy of IRIG time — upper word BCD sec .ms

85 Copy of IRIG time — lower word ~3CD hr.min .sec

86 Navigation mode status word 1*2 na

2— degraded 2 SV nay, with altitude

hold and time—bias—rate hold

3= degraded 3 SV nay with altitude hold.

4 norma l 4 SV nay,

87— 96 (unused)

97—101 Packed RCVR parameters. upper buf. 1*2 na

102—106 Packed RCVR parameters. lower buf. 1*2 na

107—109 (unused)

J. BLOCK NO. 207 (AIDING DATA)

Function : Records NAVP aiding data

Timing: 3.84 SeC. not critical

Word ~~~~~~. Description ~~ lue Tune Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4— 51 Communications Memory Array . MNBSIO (345—392),

Bus Input/Output Data:

4— 19 RCV3 C output bus msg. lower buf 1*2 na

20— 35 RCV3 D output bus msg, upper buf 1*2 na

36— 51 RCV3 E output bus msg. upper buf 1*2 na
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K. BLOCK NO. 208 (NAVIGATION CONTROL)

Function : Recor’~s SVID’S. RCVR cha”~ne1 assi gnments.

and navigation subsystem ~..ontrol status.

Timing : 3.84 Sec. not critical

Word ~g,
. DescriptiQn Value Tune Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms L

was issued (since start of nay. mode )

4— 41 Communications Memory Array. MMALRT (1—38).

Navigation Control:

4— 8 SV (1 to 32)~ or 01 (33 to 40) 1*2 na

Identification Numbers — This is

the set of sources which HDUE is currently

using and the information in arrays. MIISTUS,

MMRECN and MMFLAG corresponds to these

sources.

9— 13 Receiver channel assigned to each 1*2 na

source at the completion of

concentrated search

14— 18 Status of each source being used: 1*2 na

1— new source, computing polynomials

from almanac for aiding

2 aiding available ; waiting for

ephemeris collection to complete

3 ephemeris complet . and precision
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SV posi tion poltjnom ial available

4~ outer loop interface data saved

from inner loop; ready for gains

computation

5= gains with ephemeris available

19 Update flag for MMSVID 1*2 na

20 Sole access/release flag for 1*2 na

MMSVID; argument to X3REG. X3REL

21— 25 Set of sources desired (selected 1*2 na

by user or by auto selection).

26 Number of SV sources with a nay. 1*2 na

status of 5

27— 31 Source ID’S scheduled to be added 1*2 na

32 Number of sources to be added 1*2 na

33— 37 Source ID’S scheduled to be 1*2 na

deleted

38 Number of sources to be deleted 1*2 na

39 Source selection mode: manual. 1*2 na

automatic

40 Altitude hold degraded mode flag: 1*2 na

1 inactive

2= initiated , awaiting new gains

3 active

4 being deactivated , awaiting change of gains

41 Range—bias degraded mode flag: 1*2 na

0 inactive
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1- initiated , waiting for new gains

2 active

3 be ng ~ie~ ctivated~ a’~iaiting change of gains

L. BLOCK l~’3. 209 (FIRST 40 WORDS OF CDU CONTROL)

• Function : Records CDU I/O data

Timing: 3.84 Sec. not critical

• Word ~~~~~ ,. Description Value Tune Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4— 43 Communication Memory Array1 MNOCDU (1—40),

CDU Interface Parameters

4 Mode switch 1*2 na

5 Display switch 1*2 na

• 6 Waypoint switch 1*2 na

7 Format switch 1*2 na

S (unused ) 1*2 na

9 Freeze flag 1*2 na

10 M~(L/FZ number 1*2 na

11 UPDATE flag 1*2 na

12 DISPLAY control 1*2 na

13 LAST row 1*2 na

14 (unused) 1*2 na

15 LAST column 1*2 na

16 WARNING number 1*2 na
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KEYBOARD ro t  1*2 na

18 KEYBOARD column 1*2 na

19 KEIBOARD ~l~~g 1*2 na

WARNING l ight na

21 DISPLAY strobe *2 na

22— 41 WORKING displays. ASCII 1*2 na

42— 43 (unused)

P1. BLOCK NO. 210 (RECEIVER CONTROL TABLE)

Function: Records receiver SV control/status

Timing: 3.84 Sec. not critical

Word ~~~~~~ . Descriptjpn Value Tppe Units

1 ID and number of words 1*2 na

_ 2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4—148 Communications Memory Array , MNCRCV (1—145),

Receiver Control:

4 Number of sources being used by nay 1*2 na

5 Operator command semaphore 1*2 na

6 Operator command 1*2 na

1 soft~ cancel

2= idle , total cancel

3a calibrate

4 C/A acquisition. C/A ranging

5 C/A acquisition. P—ranging (norma l mode )

6— P—acquisition . P—ranging (direct p )
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7= Prec ision

7— 11 Operator commanded SV’S 1*2 na

12— 16 Copy of P*1.9VID 1*2 na

17 Up date ~~~~ for ope~~~-or commanded 1*2 na

SV,S

18— 22 SV ID’S decoded  from RCVR 2A msg. 1*2 na

used for CDU only

41— 65 Actual RCVR parameters for each 1*2 na

c h a n n e l

parameters= status 38.43.48.53.58

= xmtr 39, 44. 49. 54. 59

= mode 40,45.50.55,60

= f req 41.46, 51.56.61

= ant 42, 47, 52, 57. 62

66— 67 FTF at 320 MS boundary 1*2 2Oms

68 IRIO. lower word at 320 ms boundary BCD sec.ms

69 IRIG, upper word at 320 ms boundary BCD hr. min .sec

80 Ionospheric correction flag 1*2 na

86— 90 Set of 5 range—difference 1*2 na

availability flags

91— 95 S.t of 5 range differences 1*2 na

96—105 Tropospheric delays 1*4 meters

106—115 Ionospheric delays 1*4 meters

116 No. of good receivers 1*2 na

N. BLOC K NO. 211 (SYSTEM STATUS VECTOR)’

Function: Records subsystem software and hardware statuses
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Timing 3.84 Sect not ~~itical

Word ~~~~~~. Descri ot ion Value Tune Units

1 ID and number of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4—115 Commun ications Memory Array . MNSTAT (1—112),

System Status Vecto r

4 MCSP status 1*2 na

5 NAVP status 1*2 na

6 RCVP status 1*2 na

B In itialize time 1*2 na

9 Initialize position 1*2 na

10 Track failur e 1*2 na

11 Number of SV’S 1*2 na

12 Receiver 1*2 na

13 Reacquisition failure 1*2 na

16 STDM 1*2 na

17 Waijpoint back—approach flag 1*2 na

18 Last entry 1*2 na

19 SV message 1*2 na

20— 23 (unused)

24 FTF modulo ( 16) (peak ) 1*2 2Oms

25 FTF modulo ( 32) (peak ) 1*2 2Oms

26 ElF modulo ( 64) (peak) 1*2 2Oms

27 FTF modulo (192) (peak ) 1*2 2Oms

28 FTF modulo ( 5) (peak) 1*2 2Oms
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29 FIF modulo ’ 8) (peak ) 1*2 2Oms

30 FTF modulo ( 32) (peak ) 1*2 2Oms

31 (irnus~ d )

32 Upper wo rd of NGNRSD 1*2 na

33— 40 (unused)

41— 54 MCSP error message 1*2 na

55— 68 NAVP error message 1*2 na

69— 82 RCVP error message 1*2

83—105 (unused)

106 Receiver LRU available 1*2 na

107 RCV 1 ava ilable 1*2 na

108 RCV 2 available 1*2 na

109 RCV 3 available 1*2 na

110 RCV 4 available 1*2 na

111 RCV 5 avai lable 1*2 na

112—113 (unused)

114 m i t  time temporary f lag 1*2 na

115 m i t  posi t ion temporary f lag 1*2 na

0. BLOCK NO. 212 ( DATA BLOCK I)

Function : Records unpacked SV c l o c k  cor rec t ion  data for subsequent

ana lysis.

Timing: 3.84 Sac, not critical

Word 
~~~~~~~ 

Description Valu~e Tune Un its

1 ID and number of words 1*2 na

2— 3 Time .t v~hic h navigation interrupt 1*4 2Oms
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wa s i s~~ced c~~ n :o  start o,~ ni~v. mode )

4— 53 Commu ric~ition~ Memory Array. MTTCDS (1—50),

SV ~~r CT Clock Corr~~.’1~~ris

For fi.rst SV or CT,

4— 5 T(OC). reference QF’~. time 1*4 na

6— 7 A (0), polynomial coefficient 1*4 na

8 AODCI age of data (clock) 1*2 na

9 A(2). polynomial coefficent 1*2 na

10 A (1). polynomial coefficent 1*2 na

• 11 (unu sed)

For second th rough fifth SV or CT. repeat words 4 — 11;

The rema inder of BLOCK 207 c onta ins:

44— 48 Data val idity flag 1*2 na

49— 53 Sole access request/release flags 1*2 na

P. BLOCK NO. 213 (DATA BLOCK II)

Funct ion : Records unpacked SV ephemeris data for subsequent

ground analysis.

Timing: 3.84 Sec. not critical

Wordi N~. Description Value Tune Units

1 ID and numb er of words 1*2 na

2— 3 Time at which navigation interrupt 1*4 2Oms

was issued (since start of nay, mode )

4—133 Communications Memory Array . MIEPHM (1—130),

Ephemer is/Ground Transmitter Data Array
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‘or Satellites, wordc 4 — 1’33 of BLOCK 213 contain:

For f irst SV,

4— 5 MO. mean anomaly at ref.  time j *4 na

6— 7 E. eccentricity J*4 na

B 9 SGRT(A). SQRT of semi—major ax ..s j *4 na

10— 11 OMEGAO. rt. ascens ion at ref. time j*4 na

12— 13 10. m ci . angle at ref. time. 1*4 na

14— 15 OMEGA . argument of perigee j*4 na

16— 17 OMEGA dot. rate of rt. ascension 1*4 na

18— 19 TOE. ref. time of ephemeris data 1*4 na

20 CRS, ampi. of the sine harmonic 1*2 na
I.

•
1 co r rec t ion term t o the orb i t  radius

21 DELTA n. mean motion d i f fe rence  1*2 na

from computed value

22 CUC. ampi. of the cos ine cor r .  1*2 na

term to the arg. of latitude

23 CUS. amplitude of the sine corr. 1*2 na

term to the argument of latitude

24 AODE, age of ephemeris data 1*2 na

25 CIC. ampi. of the cosine harmonic 1*2 na

correct ion term to incl inat ion angle

26 CIS. amplitude of sine harmonic 1*2 na

cor rec t ion  to inclination angle

27 CRC, amplitude of cos ine ha”monic 1*2 na

c o r r e ction to or b i t  radius

For second through f i f t h  SV, repeat words 4 — 27
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for each sv.

124—128 Sole access request/release flag by 1*2 na

SV or CT

129—133 Ephemer is data validi ty flag 1*2 na

For Ground Transmitters (CT) .  words 4 — l3~. contain:

For first CT.

4— 5 Earth—centered x coordinate 1*4 na

6— 7 Earth’-c entered y coordinate 1*4 na

8— 9 Earth—centered z coordinate 1*4 na

10 CT identification number 1*2 na

11 CT health 1*2 na

12— 27 (unused)

For second through fifth CT. repeat words 4 — 27

for each CT.

124—128 Sole access request/release flag 1*2 na

bg SV or CT

129—133 Ephemeris data validit y flag 1*2 na
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3 3 HI’UE NAVIGATION S(JBSThTEM

3.3.1 Generaj

The HDUE Navigation Subsystem is desi gned to accurately

maintain the position and velocit y coordinates of a QPS user

travelling in a high performance aircraft. It is coded

-
‘ completely in FORTRAN. and communicates with its externa l

• operating environment through a 4096 wo rd c ommon

c ommunications memory. wh ich  it shares with the Master

Control Processor. Navigation is accomplished by means of a

Kalman filter which is capable of utilizing range and range

ra te measurements from as many as five satellites or ground

transmitters. The Navigation Subystem has exclusive access

to the Float ing Point Arithmetic Unit (FPAU). and performs

its computational function largely in Double Precision

(R.al*8 ) arithmetic.

The primary functi ons of the Navigation Subsystem are

system initialization, relative nav’.gation. satell i te

• posit ion and constel lat ion management. measurement

• adjustment and Master Control interface, and the Kalman

filter. These functions are full y d iscussed in Sections

3.3. 3 to 3.3.7.

The HDUE Navigation Subsystem consists of the following

tasks:

A. N 1MITK. Filter Measurement Incorporation Task.

320 MS Foreground Priority

S NIMITK is act ivated by N1INIT during initialization and
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cal ls the fo l lowing s~ibtasks :

a. N2MCNI. master control interface subtask

b. N2NEGS. state propagai~i or. subtask

c. N2HMTR . range and ran c-e rate computation subtask

d. N2NVIN. data init ial ization subtask

N2NVIN is called by NIPIITK only in response to an

update c ommand by the operator and is not ordinarily

executed fr om N3.MITK.

B. N1XFRM. Coordinate Transformation Control Task
:~

640 ms Foreground Priority

N1XFRM is activated by N1INIT during initialization and

L cal ls  the following subtasks:

a. N2MOLD. UGS 72 to local datum conversion

b. N2QPMQ. geodetic to military grid conversion

N2QPMQ calls N2OSMC. row identifier offset

c. N2MSLH. mean sea level alt itude adjustment

d. N2WPCM, waypoint calculations subtask

C. N1MCNS. Satellite Clock Correct ions Task

1290 ms Foreground Task

N1PICNS is activated by N1INIT during initialization.

D. NINFLT, Navigation Outer Loop Control Task

3840 ms Foreground Task

NINFLT is act ivated by N1INIT during initailization and

cal ls  the following subtask;:

a. N2IONO. ionospheric—tropospheric correction

b. N2FOTP. filter control subtask

N2FOTP calls N2COVR. gains and covariance update
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subtask and N2FCPG. covar iance propagation subtask.

E. NISVPN. Satell ite Position and Constellation Control Task

120 sec Background Task

NISVPN is act ivated by N1INIT during initialization and

calls the following subtasks:

a. N2SVSL. satellite selection control subtask

b. N2SVEC. satell ite polynomi al computation subtask

c . N2CCOC. geometry figure of merit subtask

F. NIINIT. Navigation Initialization Task ‘1

Background Task

-. NIINIT is activated by the Executive Subsystem and

activates all other navigation tasks. It calls N2NVIN for

data initialization and cancels itself.

N2NVIN calls the following subtasks:

a. N2PIOLD. 1408 72 to local datum conversion

• b. N2MQGP. military grid to geodet ic  conversion

N2MCGP cal ls N2OSMG. row identifier of fset

c. N2MSLH, mean sea leve l altitude adjustment

The following data sets are used by the Navigation

Subsystem in order to facilitate communicate between major

navigation tasks:

A. NINNER. All variables used primarily by the 320 ms

task N1MITK and its subtasks.

B. NOUTER, All variables used primarily by the 3. 84

sec . task N1NFLT and its subtasks.

C. NINOUT. Variables used to communicate between the

320 ms and 3.84 sec. tasks.
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D NTRANS. Coordinate transformation and waypoint

related variables, used primarily by the 640 ms task

NLXFRM.

E. NCONST. Subsystem constant s used by all tacks.

F. NELIPS, Coordinate Transformation Constants. used

primarily by subta sks of N1XFRM .

0. NSVPOS. Variables used by the SV posit ion task

N1SVPN. and to communicate between this task and the
~1

320 mc task.

• H. NINTRF. Variables to pass data from N1MITK to N1XFRM

• 
and to Master Control flU function. in commumications

memory.
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3. 3.2 MemoriL ~~ ilization ~~~ ~~~ce~ so r Loadi no

A. N vigation Modules and Data Sets (16 bit words)

Name Program Data Total

N1INIT 55 24 79

N1MCNS 484 65 549

N1MITK 598 48 646

N1NFLT 37 25 62

N1SVPN 376 49 425

NIXFRM 1320 122 1442

-. N2C000 227 53 280

N2COVR 761 167 928

N2FCPG 806 89 895

N2FOTP 554 70 624

N2GPMG 681 162 B43

N2HMTR 418 108 526

N2IONO 316 61 377

N2MCNI 1397 68 1465

N2MGGP 613 178 791

N2MOLD 235 100 335
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Name Progr am Data Total

~-.
N2MSLH 322 94 416

N2NEGS 67 29 96

N2NVIN 724 74 798

N2OSMO 103 26 129

N2SVEC 1678 241 1919

N2SVSL 776 47 823

N2WPCM 635 110 745

NCONST 203 203

- NELIPS 936 936

N INNER 349 349

NINOUT 1286 1286

NTRANS 230 230

NOUTER 556 556

NSVPOS 574 574

WPLOCL 24 24

MNXXXX 1915 1915

MTTCDS 50 50

MIEPHM 130 130

MPALMC 432 432

~1MALRT 
38 38

NINTRF 49 49

PAGE 104



— .--————-—. — --- -— 
~~~~~~~~~~~~ 

—— - —.,---- --•-- — — .
~~

— .— -—, --.- —
.~~~

.. ...-•--.—.- ________ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—,

-~~ -~~~. 
— - -- - &__ 

•
• • - - 

. .

B. Navigation Processor tlemory Summary

Available Utilized Spare Percent used

Program 16896 16544 352 97.9

Constants 1536 1139 397 74.2

Variables 6144 6082 62 99.0

Comm. Memory 4096 3226 870 78.8

Total 28672 26991 1681 94. 1

C. Memory by Major Navigation Functions

r a. Initialization:

NIINIT,N2NVIN,NCONST 1080

b. Relative Navigation:

N1XFRM. N2GPMO, N2MGGP. N2MOLD, N2MSLH.

• N2OSMG.N2WPCM.NELIPS,NTRANS,WPLOCL 5891

c. Satellite Position and Constellat ion Management:

N1SVPN. N2C000. N2SVEC . N2SVSL. NSVPOS.

MMALRT 4059

d. Measurement Adjustment and Master Control Interface:

NLMCNS. N2IONOS N2rICNI, NINTRF 2440

e. Ka lman Filter:

Inner Loo p :

N1MITK,N2HMTR.N2NEGS.NINNER 1617

Outer Loo p :

N1NFLT. N2COVR . N2FCPC, N2FOTP. NOUTER 3065
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Inner/O uter Interface :

NINOUT 1286

Total Filter : 5968

D. Foreground Task Processor Time Utilization

Processor load ing for foreground tasks was studied by

means of calling X3TIMM with an argument equal to the task’s

priority in 20 mc counts just pr ior to calling X3WAIT in the

task. X3TIMM therefore returns the number of 20 mc periods

which have transpired prior to task completion since the

task was scheduled at its priority boundary. Peak loading

was determined by accumulating the maximum of the resulting

X3TIMM output values dur ing a period in which a great

variety of processing modes was exercised. Therefore the

following table represents an approximation to processor

loading by giving the peak ammount of time utilized by each

task in the time interva l allocated for the task.

Task Priority Max. Finish Percent

NIMITK 320 mc 160 mc 50

N1XFRM 640 ms 220 mc 34

NIMCNS 1280 mc 240 mc 19 —

NINFLT 3840 ms 2400 mc 63
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3.3.3 Initj aij iat ion Fur,ctioii

For Navigation Subsystem initialization the following

sequence of events takes place.

A. The Executive Subsystem activates N1INIT, the navigation

initialization task.

B. N1INIT activates X1COMN to enable the FPAU and

navigation—master control communications. It then waits for

the power up indicator . XGPRUPI to be set to a non—zero

value before proceding.

C. Upon receipt of an update command (MNCNAV (2) non—zero).

N2NVIN is called to initialize the appropriate subsystem

variables. N2NVIN sets MNCNAV (1) to 3. and computes user

initial earth fixed , earth centered position (NOACPS) and

.
~~ velocity (NOACVL) coordinates. Since user position inputs

consist of either local datum latitude and longitude or

military grid coordinates and mean sea level altitude. the

appropriate coordinate transformation modules must be

exercised. In the process WQS—72 latitude (NOLATD),

longitude (NOLNOD), and geodetic altitude (NOALTD) are

initialized , as well as the rotation matrix (NOTRO1). for

conversion between local level and

earth fixed . earth centered coordinates. Velocity inputs

are airspeed and headings vertical velocity is assumed to be

0. Ordinarily , an assumption of 0 airspeed suffices for

convergence purposes. The initial acceleration (NOACAC) is

always assumed to be 0. All off diagonal entries in the

covariance matr i x (NGCOVR ) are set to zero.  Th e di ago na l
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entries are set to:

Position 100 km squared.

Ve loc i t y  100 rn/sec squared.

Accelerat ion 10 ~‘/ s ec / s ec  squar~~ .

Range Bias 100 km squared,

Range Bias Rate 50 rn/sec sq.uared.

All ga ins, ionospheric—tropospheric corrections, clock

correct ions. lever arm corrections and range rates (NGRTCM)

are set to 0. The range values (NORNOC) for all sources are

set to 22 million meters. R a n g e  bias rate (NGRTBS) is set to

0.

D. The satellite position and constellation managememt task.

N1SVPN. is then act ivated to se lec t  a constel lat ion either

automatically or- manually based on user inputs, and to

compute SV pos ition polynom ial c oeff ici ents from cold start

Almanac data. This enables the receiver aiding function to

c ommence .

E. The remaining navigation tasks are then act ivated.

F. After acquiring ephemeris data on some se lected source

and computing clock corrections. range bias (NCRBIS) is

init ial ized by summing computed range and a pseudo range

measurement from that source. MNCNAV (1) is set to 1 after

computing a clock correct ion. and to 0 at the outer loop

boundary after initializ ing range bias. Throughout the

initialization process the state is propagated. 320 ms at a

time , based on user inputs

0. When ephemeris is acqui red f rom at least 2 sources then
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the outer loop is exercised to compute ga ins and update and

propagate the covariance matr ix. The measurement

incorporat ion proc ess th en sta r t s in d eg raded mode unt il

ephemer i s has been gathere d and gains computed for at least

4 sources.

_ _  
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3.3.4 P~ej a t ive  Na~~~gpt ion ~—~~nc t i~~~

The relative navigation function is accomplished

through tack NIXFRM and its s ubtac ks.  and operates at a 640

mc pr ior i ty. Its main jobs  are to provide waypoint

initial ization service, make user fix and waypoii.t output

computat ions. and to provide necessary navigation data for

CDU and flU support.

Waypo int initialization is accomplished by accepting

from the Master Control Subsy stem the location of a

spec ified waypoint as input by the user through the CDU.

This waypoint position may be given in terms of either the

Mil itary Grid Reference System or in latitude and longitude

relative to some user chosen local datum. In either case

waypoint mean sea alt itude is also input. N1XFRM calls the

appropriate subtacks in order to convErt these quantities

into waypo int geodetic latitude , longitude and altitude

relative to the WOS 72 sphero id and stores the results in

arrays NWPLAT, NWPLON and NWPALT. This data may then be used

subsequently in way point output computations. Waypoint

init ialization service is provided upon demand . when Master

Control signals that the user has input new waypoint

coord m ates.

The data computed for CDL! support is double buffered in

array MNNDIS in data set MNXXXX. Both N1XFRM and its Master

Control partner . MIADIS operate every 640 ms. Hence. during

any 640 mc period. M1ADIS is processing prior NIXFRM outputs

for CDL! d isplay in one buffer . while N1XFRM is preparing new
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outputs in the other buffer for display during the next

cycle.

The inputs for user fix computations are the user ’s

state as determined by the measure:~u r~t incorporatlo’! portion

of the navigation filter. This data is saved for NIXFRM by

task NIMITK in data set NINTRF during every odd 320 ms

-
~~~~ period. Since N1MITK has a higher priority than N1XFRM . this

insures that user state information w ill be available to

N1XFRM each time that it runs.

The user position coordinates x .y. z are converted to

1409 72 geodetic latitude (NQLATD). longitude (NOLNOD) and

altitude (NGALTD), and a rotation matrix (NQTRO1) is created

for relating earth fixed, earth centered coordinates to

local level coord inates. This rotation matrix is then used

to transform the ve loc i ty  state x ’.y ’.z ’ and the

acceleration state x ’’.g ’’.z ’’ into local level east. north.

and up components .

The 14GB 72 latitude and longitude may be then converted

to either latitude and longitude relative to a local datum

by calling subtask N2MOLD or to the Military Grid

Reference System by calling N2GPMG. Subtask N2MSLH is

called to make the mean sea level adjustment to altitude.

A cho ice  of 46 different local datums is provided as

well as 11 different reference spheroids . A local datum is

defined by the location of the spheroid center relative to

the 1409 72 Spheroid. and a choice of one of the 11

spheroids. The spheroid center is define d in Earth Fixed
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Earth Centered Coordinates x. I)-. z whereas the cho ice of

spheroid identifies semi—major axis and flattening

parameters . again relative to the base WOS 72 system. .

The following table shows the d if fe rence  between

semi—major ax is  and flattening for each of the 11 spheroids

and the refe rence WOS 72 system. The second table

enumerates the x. q . z offsets for the center of each of the

46 local datums from the center of the WGS 72 spheroid.

I
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- ! SPHEROID PARAMETER TABLE 

SPH. : SPHEROID : D!FF. IN : DIFF. IN
NO. : NAME SM. AXIS : FLATTENING

1 : CLARKE 1880 114.145 0. 54781925E—4 :

2 INTERNATIONAL 253. 000 0. 14223913E—4

-
~~ : 3 : CLARKE 1866 71. 400 0.37295850E—4

: 4 : BESSEL : —737. 845 —0. 10006272E—4

S EVEREST —858. 655 : —0. 28330158E—4

6 : AUSTRALIAN NATIONAL 25. 000 0.00112415E—4
OR SOUTH AMERICAN :

7 : 1405—72 : 0. 000 : 0.00000000

- ~
- S KRASUVSKY :

9 AIRY —571.604 —0.11928812E—4

: 10 HOUGH : 135. 000 : 0. 14223913E—4

11 : MODIFIED EVEREST : —830.937 : —0.28330158E—4
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LOCAL ~A~~LM 0R1c~IN C OORDINATES

ID : LOCAL DATUM NAME : SPH.: X (M) : Y (M) Z(M)

01 : ADINDAN : 1 152 : 26 —212
02 : ARC 1950 : 1 : 129 : 131 : 282
03 : AUSTRALIAN GEODETIC 6 : 122 - 41 : —146 :
04 : BUKIT RIMPAH : 4 — : — : —

: 05 : CAMP AREA ASTRO : 2 : 103 : 122 : —233
06 : CHATHAM OBSV. 1950 : 2 : - : - : - :
07 : DJAKARTA : 4 : 360 : —680 : 55
08 : EUROPEAN : 2 : 84 : 103 : 127
09 : GEODETIC DATUM 1949 : 2 : — 82 : 38 : —195 :
10 : GHANA : I : — : — : — :
11 : GUAM 1963 : 3 : 89 : 235 : —254 :

: 12 : C. SEQARA : 4 : — : — : — :
: 13 : HERAT NORTH : 2 : 320 : 229 : —109 :

14 : HJORSEY 1953 : 2 : 75 : —39 : 90
15 : HU—TZU—SHAN : 2 : 620 : 542 : 206
16 : INDIAN : 5 : —189 : —746 : —259
17 : KERTAU : 11. : 12 : —857 : — 15
18 : LIBERIA 1964 : 1 : 63 : — 12 : — 80
19 : ASCENSION ISLAND ASTRO 1958 : 2 : 214 : — 91 : — 48

: 20 : CANTON ISLAND ASTRO 1966 : 2 : —294 : 288 : 382
21 : JOHNSTON ISLAND ASTRO 1961 : 2 : —192 : 59 : 211
22 : WAKE ISLAND ASTRO 1952 : 2 : —283 : 44 : —141
23 : LUZON : 3 : — : - : —
24 : MONTJONG LOWE : 4 : — : - : —
25 : NIGERIA : 1 : 89 : 112 : —124
26 : NORTH AMERICAN 1927 —CONUS— : 3 : 22 : —157 : —176
27 : NORTH AMERICAN 1927 : :

— ALASKA AND CANADA - : 3 : 9 : —139 : —173
28 : OLD HAWAIIAN — MAU I : 2 : —205 : 215 : 362

: 29 : OLD HAWAIIAN — QAHU : 2 : —196 : 211 : 352
30 : OLD HAWAIIAN — KAUA I : 2 : —186 : 214 : 346
31 : ORDINANCE SURVEY OF : : :

GREAT BRITIAN 1936 : 9 : —368 : 120 : —423 :
: 32 : GORNOG : 2 : —163 : —127 : 151 :

33 : SIERRA LEONE 1960 : 1 : — : — : —
34 : SOUTH AMERICAN 1969 : 6 : 77 : — 3 : 45
35 : PROVISIONAL SOUTH AM. 1956 : 2 : 302 : —105 : 371 :
36 : CORREGO ALEGRE : 2 : 261 : —140 : 24 :
37 : CAMPO INCHAUSPE : 2 : 160 : —133 : — 75 :
38 : CHUA ASTRO : 2 : 154 : —242 : 40
39 : YACARE : 2 : 167 : —163 : — 33
40 : TANANARIVE OBSV. 1925 : 2 178 : 254 : 95
41 : TIMBALAX : 4 : 650 : —525 : 76
42 : TOYKO : 4 : 140 : —516 : —673

WA KE—ENIWETOK 1960 : : : :
43 : — KWAJALEZN ATOLL — : 10 : —112 : — 68 : 44
44 : - WAKE ISLAND - : 10 : —121 : - 62 : 22
45 : - ENIWETOK ATOLL — : 10 : —144 : — 62 : 38 :
46 : 1409 72 : 7 : 0: 0: 0:
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Local datum latitude and longitude are computed by

using the Abridged Molodensky formulas and the two tables

from above. The WOS 72 altitude i~ adjusted to a mean sea

level altitude by a simple interpolation algorithm in

conjunction with a gridded data base of geodetic height

corrections. The points in the data base are regularly

spaced in 10 degree units and the algorithm interpolates the

four points around the local latitude and longitude. The

local datum position is then either converted to degrees

minutes and seconds or militar y grid coordinates for CDU

display.

The Military Grid Reference System (MORS ) is an

extens ion of the UTM grid system. The UTM grid is a

rectangular grid defined by a transverse mercator project ion

of a point on an oblate spheriod to a cylinder which is

tangent to the spheriod along a-central meridian. It is

normally used over a 6 degree wide longitude zone. The UTM

position specification takes the form. for example

36 S 529820. E 3891400. N.

where

36 is the longitude zone designation .

S is the latitude zone designation.

And the position designation consists of a grid Easting and

Northing in meters re lat ive to the Central Meridian and the

Equat or.

The Military Grid Reference System (MORS) designates a
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- 100. 000 meter square by means of -i column letter an a row

letter. The MORS Lasting and Northing values are relative

to the lower left corner of the 100.000 meter square:

ie. 36 S WD 29820.E 9140C . N.

Where the letter U is the Column Letter indicating location

of the square along the east—west direction . and D is the

Row Letter. The zone number 36 and zone letter S are the

same as for UTM.

Subtask N2WPCM computes all waypoint output

parameters. These are range. bearing , cross track, vertical

error. back approach warning and time to go to the waypoint.

and are descr ibed below. They are computed upon d emand

according to CDL! switch settings.

The Range to Waypoint is the horizontal distance from

th. the user ’s p o s i t i o n  to the waypoint. The bear ing is the H

horizontal angle from grid north to the line from user H

horizontal position to the waypoint. It is computed

relative to true north. and converted to grid north by

applying the grid convergence angle. wh ich  is c omputed by

N2QPMO. The angle is scaled from 0 to 360 where 0 is Grid

North.

The desired vertical approach angle , OVA, and the

desire d horizonta l approach angle. DTK. are inputs from the

CDU. Th. cross track. XI, is the shortest distance in feet

between the users position and the horzontal approach

vector. A positive cross track means the users position is

to the left of the horizonta l approach vector , whereas a
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negative value means the user is to the right. When the

back approach warning is on then the sign of the cross track

means the opposite from above.

The vertical error. yE. is tt’~ shortest d istance in

feet between the users position and the vertical approach

vector. The vertical approach angle is positive to define

an ascending approach to the waypoint and is negative for a

descending approach. A positive vertical error means the

users position is below the vertical approach vector.

whereas a negative error means the user is above the

approach vector.

The back approach warning indicates the angle between

the horizonta l approach vec tor and the bear ing to the

waypoint is greater than 90 degrees. The CDL! warning lamp

will flash during this condition.
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3.3.5 Satellzte Ppsitipn ~~~~~~~~~ Conste l lat ion Management

Constellation management is achieved through data set

MMALRTI which contains essential ly all satell i te re late d

status information of interest to Navigation and to Master

Control. The array MMSVID contains the ID number of all

- 
sources selected at a given t ime as a function of generic

source number. which ranges from 1 to 5. We shall refer to

the sources by their generic numbers as SVI, SV2. SV3. SV4.

and SVS. Satellites have ID numbers (MMSVID values) from 1

to 24. and ground transmitters have ID’s from 33 to 37. A

value of 0 indicates that the corresponding generic number

has no source assigned to it. The array MMRECN contains the

receiver channel numbers assigned to SVI to SV5. A non zero

— 
value indicates that the rece iver is tracking the source in

the corresponding MMSVID location.

The array MMSTUS contains status information for each

source. Its entr ies take on the following values:

1 The source has been selected but no aid ing yet available.

2 Polynomials computed and aiding available.

3 Ephemer is has been successfully collected.

4 Inner/Outer loop interface has been established.

5 Outer loop has executed for source.

Measurements cannot be incorporated for a source unless it

has a status of 5.

Satellite position xs gs zs is computed in subtask

N2HPITR by evaluating second order polynomials whose

coefficients are re c om p ut ed every 2 minutes. Thus. the
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- difference between current time ond pol ynomial reference

time should never be greater than 1 minute. The sate l l i te

velocity x s ’.ys ’.zs ’ is found b~ eva luating the t ime

derivative of the posit ion polgnom i~~ls.

At navigation initialization polynomials are created

from cold start almanac for all selected sources so that

receiver aiding can be generated for acquisition purposes.
— 

In computing polynomials. ephemeris data is used if

available. Otherwise almanac is used, with the almanac most

recently processed f~’om a satell ite being preferable to cold

start almanac. Polynomials are computed using ephemeris as

soon as ephemeris data is available, and the status is set

to 3. thereafter. they are recomputed every 2 minutes.

The algorithm for computation of satellite position and

the interpolating polynomials is descr ib ed in Sect ion

5. 3. 21.

Sources may be selected either manually. by the

operator. or automatically , by module N2SVSL. Ground

transmitters may only be selected manually. In either case

the constellation selected is stored in array MMSVCM. This

array is compared to MPISVID, and source s in MMSVCM which are

not in MMSVID are placed in the add queue . MMADSV.

Conver slsj. sources in MMSVID which are not in MMSVCM are

placed in the delete queue. MMDLSV. Whenever, there is a

slot in MMSVID wh ich is vacant, i. e. 0, then a source may be

moved from MMADSV into MMSVID and be given a status of 1.

I?  th. system is navigating with a source (status 5). then
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it sag be deleted only if the oth er four sources also have a

status of 5. This is to avoid degraded mode during

constellation changes. However , a source scheduled to be

deleted is dropped immediate l y if it does not have a status

of 5. When a source is dropped . its entries in MMSVID.

MMRECN and MMSTUS are set to 0. and its ephemeris flags.

MIEVFL and MTTVFL. are invalidated. During a single pass

through module N2SVSLI additions are made before deletions,

and during any single pass . as many addit ions and deletions ‘1
as possible are made.

The method used for automatic selection is described in
I

Section 5. 3. 22.
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3.3.6 Measurement ~dj ustment ~~j Mest~er Control Interface

A. Clock Correction

A second order polynom ial expansion is used to

represent the drift characteristics of the OPS satellite

clocks and to absorb any secular relativistic u—? fect. The

satellites and ground transmitters transmit a reference time

TOC and polynomial coefficients A0.A1.A2. Let t be a time at

wh ich a correction is desired. Then for a particular source:

dt = t — TOC

DC = 40 + dt (A1 + 42 dt)

DCR = Al + 2 42 d t

Where DC is the resulting clock correction to be applied to

measured pseudo range. and DCR is the clock rate correction

to be applied to measured pseudo range rate. For ground

transmitters an additional offset of 72.47077224 ms is

applied to DC. DC and DCR must be multiplied by the speed of

light before applying to the measurements. End of week

crossovers are accounted for by add ing or subtract ing one

week from dt if its absolue value is greater than a half

week. These corrections are computed for all active sources

ever y 1.28 seconds in task N1MCNS.

B. Iono sp heric and Trooospheric Corrections

In processing GPS measurements atmospheric delays must be

accounted for. An exponential model based on altitude h and

the sine of the elevation angle sin (E) is used to compensate

fo r tropos ph er i c delays. The quantity sin (E) is approximated
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- - by using the ran 3e R from user  to .teLl ~~;~- .

sinCE) (R**2 — à.648E14)/(—1.276E7 R).

However. E is assumed to be greater than 5 degrees. so that

sinCE) is not allowed to become srn~~~’er than 0.087~ 56. The

tropospheric correction CT is computed by:

CT = 2.175 EXP (—1.439E—4 h)/sin (E).

For ground transmitters a simpler model is employed:

CT = 3.13E—4 R exp (— 6.936E—5 h).

The ionospheric correct ion appl ied is based on the

d ifference between Li and L2 range measurements made to the

same satellite. These differences are recursively averaged

in M2STIN in order to reduce the noise due to measurement

error. Each new difference is included by setting the new

average of the differences to be 63/64 times the old average

plus 1/64 of the new range difference. The resulting average

range difference is used to compute the ionospheric

correction CI by multiply ing it by 5.5550564E—10 and then by

the speed of light to convert to meters .

These correct ions are computed in the Outer Loop every

3.84 seconds.

C. Antenna ~jy.gj. ~~~~ Corrections

Navigation is based on the location of the lower

antenna. Therefore . measurements taken on the upper antenna

must be corrected for antenna separation (4. 5 meters). This

correction is d.termined to be the projection of the the

antenna se p ara t ion distance along the line from the user to

t h e satel l i t e. It is computed for all active satellites in
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module N2IONO every 3.84 seconds .

D. Measurement Acceotance

Measurements are accepted in module N2MCNI from all

valid , active sources from which ephemeris has been

successfully collecte d. Checks are made to ensure that the

receiver is in a valid rang ing mode , and the frequency is

Li. Pseudo range PR is computed from the raw receiver

measurement RM by:

PR = (3. 5938E—10 RM +CT+CI—DC )C — CL

Where CT = tropospheric correction.

CI = ionospheric correction ,

DC = clock correction.

C = speed of light.

~~~
.- CL = antenna separation correction (0 for lower

antenna ).

Pseudo range rate is computed by:

PRR — 0. 104067(1232000 — RRM) + CRR,

Where RRM raw range rate measurement,

CRR clock rate correction.

E. 
~~cJjyjL Aidina

Receiver range and range rate aiding is performed for

all selected sources. Range aiding is propagated forward 640

ms by

R(t +.64 ) = R(t )+0. 64 RR(t ) .

The clock correction and the Ionospheric—Tropospheric

correct ion are applied in the opposite direction from which
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they are taken in adjusting input measurements. thereby

creating from the state an approx imat ion to a raw receiver

range measurement. This range is then converted to units of

29. 30522 meters and rounded to fiie i point. The range bias

is also forecast 640 ms ahead and sent on as aiding data

after converting to 100 nanosecond units.

- 

Pseudo range rate aiding is provided by subtracting

rang e rat e from rang e b ias rate, tak ing out the c lock rate

correction. and converting the resulting quantity to units

of 2000/1920 meters per second.

The Master Control Subsystem prov ides time aiding to

the Receiver in the form of a 1. 5 second Z—count. and a 20

ms FTF.
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3. 3. 7 Jj~ j~ ~~fler~ Fun c t i or.

A. Measurement Incorporat ion

Pseudo Range and Pseudo Range Rate measurements are

incorporated for state estimation purposes by means of a

suboptima l Kalman filter. The state consists of user

position . veloc ity and acceleration in Earth Fixed Earth

Centered Coordinates, and range bias and range bias rate.

Ord inar i ly, measurement s from four satel l i tes or ground

transm itters are used to update the state every 320 ms, and

a linear e x pon en t ial s ta te  d ynam ics  model is use d to

propagate the state between measurement incorporations.

Gains are computed and the covariance matrix is updated and

propagated every 3.84 seconds. The measurement incorporation

-
~~~~~ and state propagation p rocess is co l l ec t i ve l y  referred to as

the Inner Loop and is controlled by task N1MITK. The gains

c omputation and covariance update and propagation procedure

r is called the Outer Loop, and is controlled by task N1NFLT.

The Outer Lcop is executed once for each 12 times that the

Inner Loop runs.

The Earth Fixed , Earth Centered Coordinate System is

orthogonal and right handed with ori gi n at the center of the

WQS—72 Spheroid. The x ax is ex tends  through Greenw ich

Mer idian at the Equator. and the z axis is aligned with the

North Pole. The y axis is chosen in the Equatorial plane to

complete the right handed system.

Range bias is def ined as the sum of the range between

user and satellite and measured pseudo range. Hence . the
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relati~ nsh -i p b~ ~ween -.+- -;t e and ‘“~ ast,rements is non—linear

and expressed by:

Range Residual = ZR ( I)  PR( I)  — ( R 13—R ( I) )

Range Rate Residual = Z R R( I )  = P R R( I)  — ( RBR—RR ( I ) )

w h ere PR(I) is measured pseudo range for satellite I.

PRR (I) is measured pseudo range rate for satellite I.

RB is range bias.

RBR is range bias rates

RU) is range from user to satellite I.

RR (I) is range rate For satellite I.

Range R is computed as the apparent d istance between

user and satel l i te, and is the magnitude of the range vector

from user- to satell ite. The rang e vector from user to

satellit— is the satellite position vector (xs.ys. zs) minus

the user position vector (x ..g.z). Range rate RR is the time

rate of change of range. and is computed as the dot product

of the range vector from user to satellite (x—xs. y—ys. z--zs)

with its time der ivative (x ’—xs ’sy ’—ys ’.z ’—z s ’) divided by

range R. Satellite position and velocity are computed at the

time of signal transmission. and user posit ion and velocity

are interpreted as at the time of signal receipt.

The satel l i te posi t ion and ve loc i t y  coordinates must be

adjusted to take into account the aminount of earth rotation

during the time of signal transm ission. These equations are:

x s (I) = xs (I) + ys ( I) R( I)WE/C i

ys ( I)  = y s ( I )  — x s C I ) R ( I )W E / C .

xs ’(I) x s’(I)+(ujs ’(I)R (I) + ys ( I ) RR ( I) )WE/C .
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I

ys ’(I)= ç s ’(I)+(xs ’(I)R (I) + xs (I)RRCI))WE/C,

where

(xs (I).ysCI).zs (I)) = satellite I position vector,

(xs ’(I),ys ’(I).zs ’CI)) = satell ite I velocity vector,

WE Earth rotational veloc ity (7.292115147E—4 rad/sec).

C speed of light (2. 99792458E8 m/sec).

Measurements are incorporated by addi ng the product of

the corresponding gains and res iduals to the state. New

gains are produced by the outer ioop every 3. 84 seconds , and

the gains data is double buffered so that at any time, one

buffer is being used to incorporate measurements while the

other is being filled with new gains to be used next. The

order in which measurements are processed is the range

measurement for SV 1. range rate For SV 1~ range for SV 2.

range rate for SV 2. and so on. The computed range or range

rate used in a particular inco rp orat ion is based on the

latest available state. that is. the state wh ich was the

• result of the immediately preceding measurement

incorporation. Measurements are processed by generic SV

number which is the same order in which outer loop

computations are performed.

If there are less than two sources for which gains and

measurements are available, then no measurements are used.

With two sources then both altitude hold and range bias hold

are used to compensate for the shortage of measurements.

With three sources then altitude hold remains in effect. The

filter operates normally whenever there are either four or
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five sources from which to incorporate measurements.

B. ~~~~~ Pr ooaoat ion

The stat e is propagated from time t to time t+dt by

solving the state dynamics differential equations:

dP/dt=V . P (x.y. z), user position vector,

dV/dt=A V (x ’.y ’, z ’). user veloc ity vector,

dA/dt —A/TA A (x ” ,y ” .z ”), user acceleration vector,

dRB/dt—RBR

dRBR/dt O

where TA is the acceleration correlation time (3 seconds).

Let PHIaa = EXP (—dt/TA).

PHIva = TA(1—PHIaa).

PHIpa = TA (dt—PHIva),

thin P(t+dt) = P(t) + V (t) dt + ACt ) PHIpa.

V (t+d t)  = V (t) + ACt ) PHIva

A (t+dt) = ACt ) PHIaa,

RBCt +dt) = RB(t )  + RBR (t) dt.

RBR (t+dt) RBR (t).

Hence the state transition matrix PHI is 11 by 11 and given by:

PHI Ci . 1)=PHI(2.2) PHI(3.3)=1.

PHI(4,4)=PHI(5. 5)=PHI(6. 6)=1.

PHI (7, 7) PHI (8, 8) PHI (9. 9) PHIaa,

PHIC1O. 10)=PHI(11, 11)=1,

PHIC1. 4)—PHI (2, 5)PHI(3. 6)=dt,

PHI (1, 7) PHI (2. B) PHI (3. 9)=PHIpa.

PHI(4. 7)PHI(5. 8)PHI(6. 9)PHIva.
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PHI(10. 11)=dt.

All other entries of PHI ar~ 0. Thus. the state is propagated by

multiplying the state vector by the matrix PHI.

Given an estimate of the state at any time. we can

apply the above equations to p roduce an est imate at some

future time. The module N2NEGS performs these state

propagat ion computations with dt=320ms to move the state

b e tween times at which measurements are incorporated.

C. Gains Determination ~~4 Covariance Update

N2FOTP controls the computation of gains and the

covariance update with the help of N2COVR . The basic formula

for gains determination for any source and either the range

or range rate measurement is:

K PH’/(HPH ’+SR),

where

I HPH’+SR = innovation vector.

P = 11 by 11 state covariance matrix.

H — row vector with 11 elements of the partial derivatives of

pseudo range or pseudo range rate wi th respect to the states ,

H’ — column vector transpose of H,

SR range or range rate measurement variance.

K — column vector with 11 entries of either range or range rate

gains for each state.

Normall y . during P ranging. values of 5 meters squared

for range measurement variance and 0. 5 m/sec squared for

range rate are used for SR. For C/A ranging a value of 25

meters squared is used for range measurement variance. The
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above computat,onal prccec~~re ~~~~ be rep eated for both
‘ ran g e and range ‘rate for all active sources. The array H is

a function of the user and sa te l l ’ t e  pos i t ion  and ve loc i ty .

This data is passed to the outs~- oop by N1MITK di r ing the

last 320 ms of each 3.84 second period.

The equations for the H array are:

a. Range computations

H(1) Cxs (I) — x)/R (I)

H(2) = (ys (I) — q)/R (I)

H(3) = (zs(I) — z)/R (I)

-
; 

H(4) = H(S) = H(6) = H(7) = H(S) = H(9) = HC11) = 0

H(10) = 1 -

b. Range rate computations

H(4) (xs(I) — x)/R (I)

H(S) (ysCI) — y)/R (I)

H(6) = (zs(I) — z ) / R ( I)

H(1) (RR(I)H(4) + xs ’(I) — x ’)/R(I)

H(2) = (RR(I)H(5) + gs ’(I) — tj ’ )/ R( I)

H(3) = (RR (I)H(6) + zs ’(I) — z ’)/R(I)

HC7) H(S) = H(9) = H(10) = 0

H(11) .. t .  -

Th. index I identifies the source being used with generic

identification number I. where I is between 1 and 5. As

before , R and RR are range and range rate computed from the

state. The user ’s position and velocity coordinates are

x.y . z, x ’.y ’, z ’. whil, the satellite ’s position and velocity

are designated by xs .ys .zs,xs ’,ys ’.zs ’.
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The equation for covar iance update is:
.
.—

. P = ( I — K H ) P

Where I is the ii b y 11 ident i~~q matrix with 1 along the

diagonal and 0 elsewhere. The cc’~-’:riance matrix must be

updated for range and range rate for each active source with

a status of 4 or 5. that is, for each source from which

measurements are being taken, from which ephemeris data has

been collected 1 and for which Outer Loop interface data has

been stuffed by the Inner Loop.

In reality the above equations are not carried out

directly but with P decomposed in the form P = UDU ’ where U

- L is an upper triangular 11 by 11 matrix with all diagonal

entr ies 1. and U’ is the transpose of U. a lower triangular

matrix. D is a diagonal matrix with positive diagona l

entries.

Let n be the number of states. usually 11. Then the

equivalent covariance update and gains determination

equations for the U—D matrices is:

E U’H, E is an vector with n entries.

A0 = SR**2,

DO = 0. DO is a vector with n entries,

For k = 1 to n,

Ak Ak—i + Dkk Ek**2,

Bk Bk—i + Uk Dkk Ek. —

Uk — Bk—i ( Ek /Ak —1 ) ,

Dkk Ak—i /Ak ,

K — Bn/An.
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The vector Uk represent-~ the k — t h  column of the matrix U.

and Uk and Bk contain zeros below the k—th elements. 
~~ 

and

Q.~ . represent the updated values 4~r~r Uk and Dkk .

D. Cpvariance ProDagat ion

Time propagation of the cova r iance  mat r ix  between time

points t and t + dt is a function of the state transition

matrix PHI and process noise covariance matrix G. Between

updates the covariance matrix is propagated dt = 3. 84

secon ds b y the equat ion:

P(t+dt) = PHI P(t) PHI ’ + Q FF.

where PHI ’ is the transpose of the matr ix  PHI. The

L computational procedure is performed in the subtask N2FCPG

and the PHI P PHI ’ part is implemented in the U—D

_ formulation. The covariance matrix is then c onverted to the

usual form by the equation P = UDU ’. and the matrix G FF is

added to the result. The scalar FF is a multiplier that

normally has a value of 1, but which may also become 4. 16

or 64 during turns or per iods of high acceleration. The

Modified Cholesky Decomposition is used to transform the

resulting propagated P back to U—D form, and is described as

follows :

For k—n down to k 1 .  do the following:

Let S be the sum from i = k+1 to n of Uki**2 Dii . Note that

for k n ,  S is an empty sum and so S0 for that case.

Dkk PkIC — S

Ukk i
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For j 1 to k—i. (skip for k i ~ do the following:

Let T be the sum of Uji Uki Dii from i = k+1 to n. Note T =

O for k — n.

Ujk = Pjk — T

The process no ise covariance matrix 8 consists of

constants wh ich are initialized in BLOCK DATA and is:

0(1. i)=Q(2.2)=G(3.3)=60. 0

G(l.4)=G(2.5)=G(3.6)=G(4.1)=Q(5.2)=G(6.3)=16.0

G(1.7)=Q(2.8)=Q(3.9)=G(7. 1) 8(8.2)=G(9,3)=1.9095

G(4, 4)—Q(5. 5)=G(6. 6)=5. 3921

Q(4.7)=Q(5.8)=G (6.9)=G (7.4)=Q (8.5)=G(9.6)=1.5715

G (7.7)=Q(8.8)=GC9.9)=0. 9227

8(10. 10)=i. 0

8(10. 11)=G (1i. i0)=0. 1

8(11, 11)=O.01

The process noise adaptation factor FF is chosen at each

outer loop pass in the following way. It is initialized to a

value of 1 in N2NVIN. During each pass in subtask N2FOTP .

the average of all residuals divided by their corresponding

innovation vector term. HPH’+SR. is computed in N2FOTP. If

this average normalized residual is greater than 1.0, then

FF is multiplied by 4. However, FF is not allowed to be

g reat er than 64. If the average normalized residual is less

than 0. 1. then FF is divided by 4. but not allowed to be

less than 1.

E. ~~~~~~jj Mode

PAGE 133 

~~~~~~~~~~~~~~~~~~~~~~ - - - - ----- --- -~~~~~~~~~~~~~~~~ 



— - -‘_•__-—— _ — ._.——_-‘_— —_. —.——— --  - —. -— - —  —. —..•.- — - —,— -• -——— . ___,,,_.__.__ -_--- -~~ r w — ~ — ,
~~,—-,-—.Tr —— - - ~••———.~—..— ———•y—-— fl 

—

-. • .-~~ . . . 
• -

-- - - —- - --- . - - — - . - - -

- 
‘• 

-

Degr ad-~d u’~ de act :-~~ ti. i-s init iated and contro l led in

the Master Control Subsystem by module M2STIN. Every 160 ms

th is modul e c~~unt s t~ e numb er .+ sou-’ces with a valid

receiver channel assignment . a st.~~ - -~ of 4 or 5. ~“1 in a

valid rang ing mode. The result is saved in MMNVSV . If

MMNVSV is 4 or 5. then no degraded mode is desired. If

MMNVSV is 3 then altitude hol d is called for. and for

MMNVSV=2 both altitude hold and range b ias rate hold should

be in effect.

Degraded mode operat ion is cont rolled through the four

state flags MMALHO, altitude hold flag . and MMRBHO . range

bias hol d flag. These fl-3g s take on the following values:

0 Hold is not in effect.

1 Hold being initiated , and awaiting gains computation.

2 Hold is in effect,

3 Being deactivated~ awaiting outer loop execution.

The following table summarizes what M2STIN will do to MMALHO

and MMRBHO based on their current value and the newly found

value f or MMNVSV.

QIt MMALHO MMNVSV ~~~g MMALHQ

O o r i <4 1

2or 3 <4 2

Oor i 4or 5 0

2 o r 3 4 o r 5 3

Q]I.d. MMRDHQ MMNVSV ~jgj~ MMRBHO

O or l <3 1
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2 o r 3 <3 2

O o r I 3,4 0r 5 0

2 o r ’~ 3.4~~ r 5

W~ienever MMALHO is 1 or 2. ~~~~~~~~~~ the o~’te r 
~
‘np will

compute range gains and update the covariance based on H(1)

to H(3) being the unit vector in the up d~~re .tion, with H(4)
.

to H(11) equal to 0. These gains are used in the inner loop

to keep the position state at a specified altitude. Range

ra te gains are also computed and the covariance matrix

update d with H (1) to H(3) and H(7) to H (I1) zero and H(4) to

H(6) being the un it vector i’ the up direction. This vector

has components:

x = cos (Longitude)cos (L .atitude)

y = sin (Longitude)cos (Latitude)

z sin (Latitude)

which is the third row of the rotation matrix used to 
- 

-
-

transform between earth fixed , earth centered coordinates

and local level coordinates. The second set of gains

computed are used in the inner ioop to try to maintain a

time der ivative of altitude of 0. These gains are stored in

array NALHGN, and MMALHO is set to 2 in N2FOTP.

Whenever MMALHO is 3 or 0, then the outer loop executes

normally and sets MMALHO to 0 upon completion.

When MMALHO is 0 then N1MITK saves the state position

x.y. z. Later when N1MITK is executed with MMALHO being 2 or

3. th en t h e current position is subtracted from the last

saved position when MMALHO was 0. The projection of the
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difference in t”~ up o~ rec.tion is l~~und and is cons~ dered to

be a residual t0  which the altitude hold gains are applied.

This enforces t~ e :on~ i f� ~~n that ~~~~~~~ rurrent state altitude

should be the same as the last -~~~~ tude when the s~ stem was

navigat ing with 4 sources. Th e alt i tude rate ga ins are

applied to the projection of the current state velocity in

the up direction.

When MMRBHO is 1 or 2 then the outer loop executes as

if there were no range bias or range bias rate states .

Effectively the com putat ions are ma d e fo r a 9 state filter

- composed of the position. ve loc i t y  and accelerat ion

coordi nates. Upon completion MMRBHO is set to 2. If MMRBHO

is 3 or 0 then the outer loop runs normally and sets MMRBHO

to 0. N1MITK does not apply measurements to the last two - 
-

states whenever MMRBHO is 2 or 3. Therefore. during this

mode . range bias rate does not change . and range bias

changes only due to propagation.
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3.4 HDUE Executive Subsystem

3.4.1 Genera 1

The Executive Subsystem is a colle cti .n oF programs and

data sets designed to allow the ‘App iications ’ sof tware in

the various processors to operate as real—time . concurrent

processes. The Applications (or Operational ) software is

that portion of the OPS real—time software which executes

the OPS mission—oriented functions and algorithms. The

Execut ive provides the interface between (1) processor

interrupts and the applications software. (2) between the

applications tasks, and (3) between calling and called

subprograms.

Three major features of the OPS Executive are as

follows: (1) Maximum commonality of procedures and data

blocks among the three Local Executives. i. e. • RCVP. MSCP.

NAVP; (2) High degree of modularity in each Local Executive ;

(3) Simplicity and security of interfaces among individua l

modules of the Executive. as well as between the Executive

and Applications software.

All operational software (including portions of the

Execut ive)  is divided into the fo l lowing heirarchies, l isted

in the order of decreasing execution control levels: Tasks.

and Subprograms.

A Task represents the smallest software component

visible to the Executive. i. e. , a task is the smallest

software entit y which the Executive will explicitly schedule
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and c i sp ~~tc~’ 4’or e~ ec~i~~~on . ~ t ar~ time during the

real—time procoss. ~ task i-s con~~~dered as bein~j in one of

several possi - .i~~. ~i~~)l—defined st~d~~ t Futhermore . a task

is the smalle~ t so~~twar*- ele~~’’’~ which i-s ~ i~~owed to

commun icate to the E -~ecutive Contro.~ via Executive Service

Routines and thus explic itly infl.uc~nce the future course of

the computational process .

A Subprogram (or Subroutine ) is the software component

• uihich is below a task in the Executive control hierarchy

structure. Since subprograms may call (invoke) other

subprograms. they may form several levels of software

-
- modules in this structure.

The Executive activates the tasks in all the processor

subsystems and subsequently controls the necessary sharing

of processor time that must occur in a real—time system.

For this purpose . the tasks are divided into two large

categories , foreground and background.

The foreground priorities each have a required

execution rate. in that they must be executed once in a

certa in time period. The tasks are ordered into priority

classes according to their execution rates. The background

priorit ies use processor time as it is made available by the

complet ion of the foreground. They are ordered according to

the desirability that they receive this left—over processor

time.

Since it is often necessary for a program module to be

available for use by concurrent tasks, the Executive
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provid as e m. - ’~ ~~~ w~~i ch reercD anc q m~ y be accomplished

without loss of data ifltegri ty . Each concurrent use of a

routin-! acces~ es ~ts uwn dat:- . .-~~
-
~~~ - r for the routine. The

executive ’s role i~ to S_ li •t:ate th~ area €i~~d ~~~~ id e the

base a d d r e s s  to the ca l l ing rout ine.

The Executive performs t~t e  p rocessor  s e l f — t es t

functions and logs errors arisin g botI~ from these and other

hardware and software cond ition-s . such as memory parity

errors.

Processor interrupts are also handled through the

Executive. The primary interrupt in the HDUE system is the

I Fundamental Time Frame (FTF). a 20—millisecond counter.

There are other timer interrupts , also occuring at a fixed

rate. wh ich perform scheduling and synchronization. These

transfer control  to the p rocess  d ispatcher .  Addit iona l

interrupts are generally involved in error reporting and

return to whichever task wa-s execut ing when the interrupt

occurred.

The major scheduling functions are handled in the 20

millisecond interrupt handler. Priorities ready for

execution in the upcoming time period are marked , and each

task that wa-s supposed to finish in the preceding 20—ms

period is checked to see that it did . Control is then

passed to the dispatcher . which starts the highest priority

task thus marked. This is the key functional element in the

Executive.

In add ition to its scheduling duties. the 20—ms
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interrup t ~ 4notOr ai~:c carri~~5 c~~. t!’e synchronizat ion of

the three p roc e~ so--~~. This is act~- -r plished by ‘responding to

update commands before increment ir~ t’i e 20—ms count. If.

upon veceivirg ~‘-r. ipdat e command 4- ’- --t i-s not the f:~ - st since

power—up . the update count and 20—ms count da not agree. the

processors are not synchron ized and al, error is logged.

There are ut ilities called ExeLutive Service Routines

which perform oft—r epeated scheduling and other functions

for the app lications processes.  Process activation, stop

(deact ivation), and waiting are the scheduling functions.

Other functions include granting and relinquishing sole

access to data sets. passing arguments to called

-; subprograms. prov iding reentrant linkage where appropriate.

— 
and logging error reports.

Also included in the Executive are service routines for

the Floating Po int Arithmetic Unit (FPAU). integer and

extended integer arithmetic packages. and memory allocation

for the different processors.

Figure 1 contain-s the high—level flow diagram for the

executive.
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This section desciibe. ~~~ ~ - ‘ .~r recording data set,

XERROR . the format of errors reca’~’i~’1. and contains a list

of all the HDUE errors whi- :h are reported to the executive

programs X3ERR and X3ERRA . t

Errors are recor ded in XERROR starting in the location

labeled XEBUFS. The first word of each error message is the

number of words to follow. That is, i-F there are three error

descriptors , then the first word will contain the number 5. 
-
‘

The second word contains the Error Code word (ECU). and

third word contains the 20—ms FTF count. The remaining words

contain the appl icab le  error descriptors. This is a 28 word

circular buffer.

Location Contents Word

2 XEDROP No. of errors dropped because buffer full 1

XEPTRF Word in XEBUFS to be f i l led next 2

XEPTRE Word in XEBUFS to be emptied next 3

XEDUFS+0 N, No. of words to follow 4

XEBUFS+1 ECU, Error Code Word 5

XEBIJFS+2 20—ms FTF count 6

XEBUFS+3 Error Descriptor 1 7

XEBUFS+4 Error Descriptor 2 8

and so on.

XEBUFS+N Error Descriptor N—2 4+N

Other error messages follow up to:
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XE9UFE ~ollows lact word in XEBUFS 
—

To determine the current contents , the information to

consider -start-s with the locat ion contained in XEPTRE and

cont inues through the word wh~~cn precedes the location

conta ined in XEPTRF.

The Error Code Wor d and the descriptors are -sent to

either X3ERR or X3ERRA as arguments. The first two bits of

the Error Code Word are supplied by the error handler , and

t h ey  i n d i c a t e  the subsystem: 01 is master state; 10 is

navigatione 11 is receiver.

- When there is not enough room to record all of a

reported error. then none of the error is recorded. However ,

the fac t  that there was an error drop ped is indicated in

XEDROP. The contents of XEDROP is incremented by 1 f o r  each

error dropped.

A l isting of the errors which - may be reported follows.

The Error Code Word (ECU) is listed first, -Followed by t h e

name of the module which in i t iated the error report. On the

right hand s ide a descr ip t ion of the arguments is listed

with a description of the error listed first.

0101 XIIPOW I Processor self test

2 20—ms FTF(LSW)

3 No. useful words follow

4 Error code generated from X2TST/X2TFP

5 Descriptor 1

6 Descriptor 2
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- 7 Descriptor 3

8 Descriptor 4

0102 X1IM 1 Memory parity error

2 20—ms FTF(LSW)

3 PC when parit~, trap occurt ed

0103 Xlii 1 I—bus time out

2 20—ms FTF(LSW)
I

3 PC when time—out occurred

0105 X1IFS 1 FPAU returned an error status

2 20—ms FTF(LSW)

3 FPAU status word; bits 0 and 4 to 15 unused

bit 1 on, overflow

b it 2 on, underfiow

b it 3 on. invalid operand

4 PC of interrupted module

0106 X1ITOI 1 No active process in 1—ms priority

2 20—ms FTF(LSW)

0107 X1ITO5 1 5—ms prior overrun incomplete last period

2 20—ms FTF(LSW)

3 P t r  to priorit y of overrun task

4 PC of overrun task

0207 XIITOS 1 5—ms seq. out of order. 5—ms not eq 3 f rom 20—ms

2 20—ms FTF(LSW)

3 5—ms count
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0307 XIITO5 ~ 5—ms cojnt > 3. c o unt / m t. seq. out of sync.

2 20-ms FTF(LSW)

3 5—ms count

0208 X 1IT2O 1 20—ms update count not = XCOO2O (sys out of sync)

2 20—ms FTF(LSW)

3 Update 20—ms count

0308 X1IT2O 1 20—ms prior overrun, incomplete last period

2 20—ms FTF ( LSW )

3 Ptr to prioritg (XLEVEL block ) of overrun proc .

4 PC of overrun proc

0408 X IIT2O I Background prior , overrun1 incomplete last period

2 20—ms FTF(LSW)

3 Ptr to priority (XLEVEL block ) of overrun proc.

4 PC of overrun proc

0109 X 1INT2 1 Unwanted interrupt level 2

2 20—ms FTF(LSW)

3 PC of interrupted module

O1OC X1TST 1 Processor self—test error

2 20—ms FTF(LSW)

3 No. of useful words follow

4 Error code generated f rom X2TST/X2TFP

5 Descriptor 1

6 Descriptor 2

J 7 Descriptor 3
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- 8 De crip ’.r 4

--- -4
O1OD X2TST 1 ROM checksum test failure

2 20—ms FTF(LSW)

3 No. of useful words -Following

4 Error c ode

5 ROM bloc k start address

6 ROIl block end address

7 Expected checksum value

8 Computed checksum value

020D X2TST 1 RAM memory test failure

2 20—ms FTF(LSW)

3 No. of useful words follow ing

4 Error code

5 RAM b lock start address

6 RAM block end address

7 Bad RAM location

8 Bad RAM value

030D X2TST I Basic arithmetic failure

2 20—ms FTF(LSW)

3 No. of useful words following

4 Error code

5 CZC mask for arith/logic test

6 Value on which CZC appl ied

7 (ignore )

8 (ignore)
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OIOE X2IPDW 1 Processor self test error

2 20—ms FTF(LSW)

3 No. of usef u l words follow

- 4 Error co d e g enera t ed from X2TST/X2 TFP 1 -

5 Descr ip tor I

6 Descriptor 2

7 Descriptor 3

- - B Descriptor 4

0111 X3ACT 1 More than two arge passed

- 2 20—ms FTF(LSW )

— 3 PC of activating task

-- 0211 X3ACT 1 Receiver no. ) max receiver no.

- 2 20—me FTF (LSW )
- 

3 Rec eiver number

- 
4 PC of activating task

03!! X3ACT 1 Task alread y activated

— 
2 20—ms FTF ( LSW )

— 3 pointer to process in XPROC

— 4 PC of activating task

0113 X3CANC I More than two args passed

2 20—ms FTF(LSW)

0213 X3CANC 1 No. receivers greater than max allowed

— 2 20—ms-~FTF(LSW
)

0115 X3REQ 1 T ime~~ ut on gaining sole access to common
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2 20—ms FTF(LSW~

0215 X3REG 1 No. args not I

2 20—ms FTF (LSW)

0116 X3REL 1 No. args not 1 —

2 20—ms FTF(LSW)

O11A F$RGMV 1 No. of arguments does not agree with caller

- . 2 20—ms FTF(LSW)

3 Calling program PC

4 Called program PC

5 No. of arguments expected

• OIID X3TIMM 1 No. args not I

2 20—ms FTF(LSW)
I-

021D X3TIMM 1 Modulus not positive value for time request

2 20—ms FTF(LSW)

O1IE IASHFT 1 Overflow when shifting left. sign bit changed

2 20—ms FTF(LSW )

021E IASHFT 1 Absolute value of shift count greater than 15

2 20—ms FTF(LSW)

0120 X3ERRA 1 Error reports have been dropped

2 20—ms FTF(LSW)

3 No. of errors dropped

0121 EASHFT I Overflow when shift ing left . sign bit changed
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2 20—ms F1r(LSW I

0221 EASHFT 1 Absolut e value of shift count greater than 15

2 20-ms FTF(LSW)

0126 EXINT I Divisor greater than or equal to 2**16

- 
i 2 20—ms FTF C LSW)

3 (ignore)

4 MSW of arg

S LSw of arg

6 EXINT UP

7 (ignore)

B (ignore)

9 User UP

10 User return PC

012C X1INT7 1 Unwanted interrupt level 7

2 20—ms FTF(LSW)

012E X2TFP 1 FPAU add/subtract error

2 20—ms FTF ( LSW )

3 No. of useful words follow ing

4 Error code

5 Computed wrong value

6 Expected correct value

7 (ignore)

8 (ignore)

022E X2TFP 1 FPAU mult/div error
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2 20—ms FTF(LSW )

3 No. of useful words following

4 Error code

S Computed wrong value

6 Expected correct value

7 (ignore)

-
. B (ignore>

0140 MICMSC I SBIM error from master

2 20—ms FTF(LSW)

3 Error code: >FFFB (—5) — FIFO empty

- 3 Error code: >FFF9 (—7) — parity error

3 Error code: )FFF7 (—9) — timing error

3 Error code: >FFF5 (—11)— no reply

0194 R1MRC I R1SRC failure to respond

2 20—ms FTF(LSW)

3 RMSRCD word

0294 R1MRC 1 Illegal RMSRCR value during initialization

2 20—ms FTF(LSW)

3 RMSRCR word

0394 RIMRC 1 Duplicated - R1SRC response

2 20—ms FTF(LSW)

3 CMPFLG

0494 R1MR C 1 Initialization time—out limit

2 20—ms FTF(LSW)
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0594 R1MRC 1 Ille gal step 0 RLSRC response dur ing initi~~lizatio

2 20—ms FTF(LSW)

3 RMSRCR word

0694 R1MRC 1 IUegal lnltiai-L zation response

2 20—ms FTF (LSW)

3 RMSRCR word

0794 RIMRC 1 Illegal comd in RCV3B3 during TTDC

2 20—ms FTF ( LSW )

3 Value of RCV3B3

• 0894 R1MRC 1 Illegal RMSRCR during concentrated search

2 20-ms FTF(LSW)

3 Value of RMSRCR+17

4 Reentrant index value

0994 R1MRC 1 Unexpected R1SRC response in concentrated search

2 20—ms FTF(LSW)

3 RMSRCR value

4 Reentrant index value

0A94 R1MRC 1 Illegal comd in RCV3B3 dur ing conc search

2 20—ms FTF( LSW )

3 RCV3B3 value

0C94 R1MRC 1 Illegal sv status at msg report ing time

2 20—ms FTF(LSW)

3 SV status word
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0D94 91MRC 1 Il1ena~ ~or ’d i~ RCV3~3~ cu r ing precis ion mo~ e

2 20-ms F’TF(LSW ’I

~ RCV3fl3 value

0E94 R1MRC 1 Unexpected response in precision

2 20—ms FTF (LSW )

3 RMSRCR value

4 Reentrant index value

1094 R1MRC 1 Illegal comd in RCV3B3 during Idle/Track

2 20—ms FTF C LSW)

3 RCV3B3 value

1194 R1MRC 1 Unexpected response in Idle/Track

2 20—ms FTF(LSW)

3 RMSRCR value

4 Reentrant index value

1294 R1MRC 1 Conc. search : No. of svs tracking >5 or (0

2 20—ms FTF(LSW)

3 Numb er of svs track ing

0196 R1PCK 1 RSCOMM not OK for receiving new data

2 20—ms FTF(LSW)

0197 R1PIN 1 Overflow on calculat ing MOD 75 count

2 20—ms FTF(LSW)

0297 R1PIN 1 Overflow on calculating MOD 75 count

2 20-ms FTF(LSW)
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0397 R1PIN 1 Overfl~~ on ce2lc~~lating PlOD 75 count

2 20—ms FTF(LSW)

0497 R1PIN 1 OVERFLOW on calc ulating MOD 75 count

2 20—ms FTF(LSW)

049A R1SCH 1 DWELL*390 >65536

2 20—ms FTFC LSW)

039B R1SRC 1 Unexpected C/A epoch drift

2 20—ms FTF(LSW)

0498 RISRC 1 R1DDT/R1PCK data communications failure

2 20—ms FTF(LSW) -

01C7 DEXP 1 Input argument to DEXP more than 174.673

2 20—ms FTF(LSW)

3 Argument passed to DEXP

OICB DSIN 1 Abs. value of input argument to DSIN more than 16

2 20—ms FTF(LSW)

3 Argument passed to DSIN

01C9 DATAN2 1 Pair of input arguments to DATAN2 was (0.0).

2 20—ms FTF(LSW)

3 First argument passed to DATAN2.

4 Second argument passed to DATAN2.

O1CA DSGRT I Negative input argument to DSGRT

2 20—ms FTF(LSW)

3 Argument passed to DSGRT.
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OICB DCOS 1 Abs. value of input argument to DCOS more than 16

2 20—ms FTF(LSW)

3 Argument passed to DCOS

O1FI B1SLIO 1 SBIM did not reply to a select word

2 20—ms FTF(LSW)

02F1 B1SLIO 1 SBIM timing error

2 20—ms FTF(LSW)

03F1 B1SLIO 1 Parity error on the data received by the SBIM

2 20—ms FTF(LSW)

- - 
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4.0 HARDWARE SYSTEM ~t5CRIPTION

4. 1 RECEIVER PROCESSOR LINE REPLACEABLE UNIT

4. 1. 1 GENERAL DESCRIPTION

The Receiver Line Replaceable Unit No 1 (RCVR—LRU)

functions as the front end of the HDUE system. The receiver

processes the signal from the OPS space vehicles (SV ’s)

received through the OFE antenna and Preamp /PPDS to obta in:

1) Pseudo Range. 2) Pseudo Ran ge Rates and 3) data contained

in the downlink signal.

4. 1. 2 FUNCTIONAL DESCRIPTION ~refer to Figure; 4. 1— 1 through

4. 1—3)

~~~~ - The receiver is configured with five identical

channels . (Refer to Figure 4. 1—1). A block diagram showing

one of these channels is presented in Figures 4. 1—2 and

• 4. 1—3. Each channel contains a Wideband , two Narrowbands. a

Frequency Synthesizer, a Code Cenerator~ and an Output

Module. Each receiver has a single Master Oscillator. Clock

Module. Bu ilt—In Test Module. Signal Distribution Module and

Receiver Control Processor Unit (RCU). as well as a DC—to—DC

to convert the input 28 VDC to the operatin g voltages.
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Both code and :arrier loop s are contained in each RF

channel. The code tracking i-s implemented in the Narrowband

Modules (code correlation ). the Out put Module and Receiver

Contro3 Processor Unit (offset d~ 4’ction), and the Code

Module (code generat ion and adjustment). The carrier

tracking ioop is imp lemented in the Wideband and Narrowband

Modules (RF down—convers ion and phase /frequency detection )

and in the Frequency Synthesizer Module (loop filter and

L. O. generation ) . The clock for the Code Generator Module

is tuned by the carrier tracking loops thus, the code loop

tracking is aided by the carr ier tracking loop.

The functiona l allocations to the modules are as

fo l lows:

I. Wideband Module

The L—band input signal to the antenna (Li and L2)

is doppler shifted in frequency to 154 Fo and 120 Fo,

wh er e Fo = 10.23 (1+V/C ) MHz. These contain the

biph a se c ode and data modulation. The antenna signal

is amplif ied in the OFE Preamp/PPDS, then fed to the

RCVR—LRU where it is further amplified in a low—noise

preamp l ifier before reaching the Wideband Module

(WBM ). The WBM amplifies the signal at L—band ,

down—converts to the first intermediate frequency (IF)

of 18 Fo. and amplifies further at the IF. The IF

bandwidth is 15 MHz to allow the code spectrum to

pass. The doppler is scaled in all down—conversions in

the receiver. When th. carrier is locked , all local
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oscillator frequencies tune and track with the signal

doppler offset in a coherent manner. The WBM contains

an AOC to contrt’ l its gair and a pulse blanker to

minimize the effects of pulse •~ mming . The o1atput of

this module offsets the IF by 10 MHz and introduces a

rece iver internal code (T—code) to enhance rejection of

CW jammer s. The WBM output is split to feed two

Narrowban d Modules.

II. Narrowband Module

The Narrowband Module (NBM) has a second

down—conversion and an IF at Fo + 10MHz. Fina l IF

amplification and filtering occur before convers ion to

baseband in a Costas phase detector. The code is

correlated or removed at this module ’s input , so the IF

bandwidths are reduced to 50 kHz and eventually to

4 KHz to prevent noise power saturation in the IF

amplif iers. Baseband circuitry in this module includes

phase detection , frequency detection , envelope

detection of the input signal. signal—to—noise ratio

detection . and a second AGC circuit.

III. Frequency Synthesizer Module

The phase or frequency detector output of the NBM

is used to drive the carrier trackinç network in the

Frequency Synthesizer Module (FSM). The network or

loop filter output tunes a voltage—controlled crystal
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osc illator (VCXO ) which tunes the frequency of all the

local oscillators (LO ’s) used throughout the reciver.

All LO’s and the tracking network are in the FSM.

IV. Code Generator Modul e

The Code Generator Module (COM ) generates the

H j’eceiver ’s replica of the input signal code. Early,

late, and prompt code versions are generated and output

to the NBM ’s for code correlation and alignment. As

described earlier, the code tracking is aided by the

carrier tracking loop to remove the doppler. This is

accomplishe d by providing 17 Fo as a reference to the

COM which is used as the code clock after division by

17. In addition , the code can be slewed by division by

16 or 18 to allow code alignment. A code discriminator

is formed in the RCU and is used to drive the code

centering circuitry in the COM. The CGM also contains

the pseudo range measurement c ircuitry that measures

the code state at a reference t ime mark.

V. Output Module

The Output Module (OM ) serves as an interface

b etween the RF hardware and the digital RCU. The OM

provides analog—to—digita l conversion of the envelope

d ete c tors in the NBM ’s and processor  command decoding

to control functions in other hardware modules. The

30—Hz signa l data is also detected in this module.
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Finally. a range rate counter is included in this

module to count the frequency of the VCXO in the FSI1.

When the receiver is locked to the input signal . the

output of this counter i-s th e p seudo range rate used in

navigation computations .

- 

- VI. Clock Module

The Clock Module uses a 10—MHz Master Oscillator

clock signal as a reference to provide timing marks

needed in the receiver- Both hardware counters and

processor interrupts are obtained from this module.

VII. Built—In—Test Module

A separate Built—In Test Module (Bu M) provides a

coded Li and L2 test signal and an 18 Fo test signal

for testing the reveiver. It allows calibration of

time delays in this multi—channel system and provides

health checks for all receiver channels. In the HDUE

only the time delay calibration feature is

implemented.

VIII. Signal Distribution Module

The Signal Distribution Module (SDM) receives

signals from both the clock module and th. built in

test module . amplifies them and distribute s them to the

five receiver channels.
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T~’e Receiver Control softwar e ubsystem resident in the

RCU is partitioned into a high level control . called

Mult i—Receiver Control (MRC). and an individual channel

control . called Single Receiver Control (SRC) Under

direction of the Master Control Subsystem resident in the

Navigation Processor LRU. The MRC control-s the individual

channel of SRC in order to calibrate the differential delay -s

(called master time delay ) in the receiver hardware. inject

navigation aiding during SV search or reacquisition , measure

L1/L2 difference s, and extract (and send to Master Control )

- 
the SV measurement and message data. The SRC is implemented

as a set of reentrant programs each of which (under MRC

control) measures the noise seen by a receiver to determine

detection threshold. and performs C/A—code or P—code search

and P—code initialization , which is followed by the

steady—state cond ition of tracking. The SRC al-so performs

the SV data extraction functions associated with tracking.

such as data detection bit synchronization . and parity

checking.

The basic RCVR—LRU sequences and operations are:

I. Norma l Acquisition

The functions of each -step of the norma l

acquisition sequence are given below.

II. VCXO Cal

This step calibrates the VCXO frequency response
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in the CAL or open carrier loop configurat 1.on. Range

rate measurements are made at each of several vo l tage

input settings in order to derive a voltage vs.

frequency cal ibration.

III. VCXO Set

The VCXO frequency is set to the computed value of

the input frequency including doppler . An initial

level of AGC is established during this step.

IV. C/A Noise

Th is is a step wherein the noise level is measured

as a reference for co de search. C/A—CODE for a SV that

is out of receiving range is selected from the COM

durin g this measurement.

V. C/A Search

The C/A—CODE for the desired SV is inserted and a

search made in a sequence of 1 chip steps for detection

of the SV signal. The outputs of both the early

(+38/170 chip ) and late (—38/170 chip) channels are

summe d and compared to the noise level in order to

establi sh signal detections. The basic signal

int.rgration period during search is 5 mill iseconds.

Search is terminated after succes sful signal

detection.
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VI. C/A Coarse Center

After signal detection . a code phase centering to

with in 1/4 chip is performed

VII. C/A Ac quisition

An acquis i t ion sequence of f i rst frequency lock
- 

and then phase lock is performed during this step.

Frequency lock is maintained for a fixed time interva l

before activatin g phase lock. The success of this step

is verified by the lock detector status.

VIII C/A Fine Center

Code centering to within 1/17 chip is performed

dur ing this step.

IX. Bit Sync

The proper bit sync pos ition is determined by

quantizing the analog level of the data signal on every

i—ms C/A epoch. Phase lock to the carrier is

maintained with the C/A—CODE inserted in the prompt

posit ion.

X . Fr ame Sync

This is a SV data recovery step which is cont inued

until frame sync and reading of the SV Hand Over Word

(HOW).
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XI. P—Code Initiate

The des ired P—code and phase (P—code generator

state) are initiated in the COM during this step. The

P—code generator is started on the next bit ciric k epoch

such that both the C/A—code and P—code are

synch ronized. However, the P—code will be off center

— 

by 10 times the C/A error in chips~ a max imum of 10/17

(.588) P—code chips.

XII. P—Code Center

This step centers the P—code using a tau d ither

- approach in one narrowband channel. The other

narrowband channel is used to maintain track with the

C/A—code .

XIII. P Acqu isition

The same acquisition sequence of first frequency

lock and then phase lock as used for C/A—code

acquisition is performed dur ing this step.

XIV. Rang ing

The ranging step is the norma l continous tracking.

data reading, range and range rate measurement state

for the receiver. In this step AQC time constants are

selected to respond to signal level changes caused by

aircraft dynamics.
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XV. Weak Signal Hold On

The weak signal hold on step is activated in the

event of insuff icient signal—to—noise ratio to maintain

norma l ranging. The carrier loo p is swi tched to

frequency lock and the code loop is switched to the

prompt code position used for tracking. Degraded

ranging is continued ; houever, SV data reading is

stopped during this step.

XVI. Direct P Acqu isition

The rece iver funct ional se quence control sett ings

for direct P acquis ition steps are defined similarly to

those previously g iven for norma l acquisition except

that  the sys tem does not go through C/A acquisition.
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MECHANICAL DESCRIPTION

The RCVR—LRU is contained in a single full lenth . 1 1/2

ATR case. There are 13 sub—assembl~~es in the LRU. These

are:

Quantitu Name

1 Master Osc i l lator

2 Preamplifier

1 Antenna Switch

— 5 Single Channel Rece iver

with RF and DC Interconnect

Boards

1 RCU and Clock  Module w i th

Interconnect Board

1 BITE Module

1 Signal Distribution Module

1 Power Supply Un it

See Figures 4. 1—4 and 4. 1—5 for top and bottom views of the

RCVR—LRU, indicating placement of subassemblies.
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Each single channel receiver i-s made up oP the following modules.

Quantitu Name

1 Widehand Module

2 Narrowband Module

- 
1 Output Module

1 Frequency Synthes i zer Module

1 Code Generator Module

I DC Logic Distribut ion Board

. . . .1 RF and Signal Distri bution

Board

1 Capacitor Module

— 
The RCU and CM ’s are located on a interconnect board.

There are 3 spare spaces located in the RCU to allow

expansion. The following is a list of these modules :

Guant itu Name

1 SBIM—1

1 SBIM—2

1 MPM

1 CRIM

4 DM11

S
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- The BITE and Signal Distribution Modules are plugged

into internal wiring. The power supply is a removable unit,

well shielded to protect the LRU from converter oscillator

interference. The Master Osci l la tor.  Antenna Switch.

Preamplifiers , and Power Supply Unit are located in the

bottom sect ion of the LRU.

I 

- 

—

-
~ 

.
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4. 1. 3 ELECTRICAL INTERFACE

I. Inputs

CATEGORY : SIGNAL CHARACTERISTIC SOURCE
I NAME 1
I I I
I I I

I I I
I I I

RF Lower antI SV signa l (Li and L2 carriers external
modulated with P—code, preamp
C/A—code . and data)

I U U
I I I

RF Upper antI SV signal (Li and L2 carriers external
modulated with P—code . 1 p-reamp

- 1 C/A—code . and data) I
S I U
I S

Power I 28VDC 6. 3 a AC/DC CONY
U S I
I I I

Power 115VAC 115YAC . 400Hz, 81 w AC/DC CONY

Logic $ UPCRUINZ 1 TTL (*CRU data input) maint
panel

U I
Logic I /MPRSTZ I IlL (Maintenance panel reset) 1 maint

I panel

Logic 1 /MPLOADZ I IlL (Maintenance panel I maint
load) I panel

* CRU Commun icat ion s R egi ster Un i t
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II. Outputs

CATEGORY 1 SIGNAL I CHARACTERISTIC I DESTIN.
1 NAME I
• a S
• I I

U U I

• I U

RF I Ant 1 1 1575. 42 MHz and  1227.6 MHz external
I and I modulated w it h X i port ion 1 pream p
I Ant 2 of P—code at —15 dBm
I I I
U I S

Analog I UPVCCSAM SVDC (VCC sample indicates 1 maint
that power is appl ied to I panel

- - 1 the MPM)
S I S
5 I I

Clock I INT— 1 **TTL DR (20—rn-sec fundamental I NAV—LRU
1 2OMSOUTZ : time frame )r
1 2OMSOUTR Z I
S U U
1 5 - U

Logic I /UPMEMENfl TTL (memory enable) 1 maint
1 1 p a n e l

Logic 1 /UPENDCYZ I TTL (end of memory cycle ) 1 maint: 1 1 panel
S S I
I U a

Logic 1 UPIAGZ 1 IlL (instruction acquisition ) 1 maint
— 

1 panel
U 

Log ic I /UPRSTZ 1 TTL (Maintenance Panel reset) 1 maint
1 pane l

Logic 1 UPCRUOUTfl TTL (CRU data output ) I maint
- - panel

Logic 1 UPCRUCLKZ TTL (CRU clock ) 1 maint
1 1 panel

Da ta I UPA (00— I TTL DR (processor address) I maint
1 14)Z and I 1 panel
1 /UPA(00— 1
1 14)Z

**TTL DR output of a SN54265J or equivalent
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III. B i—directioial

CATEGORY 1 SIGNAL 1 CHARACTER ISTIC I SOURCE/
I NAME 1 1 DESTIN.
• S a
U I — 

I

U S I
• I I

Clock 1 SBCLKZ ***TR DR (cI~~c k for transferring NAV—LRU
and 1 data between RCVR and NAV

1 SBCLKRZ I LRU ’s) I
I I U

Data t SBDATAZ TR DR (communication data NAV—LRU
I and 1 between RCVR and NAY I
1 SBDATARZ I LRU ’s)

***TR DR Transformer Drive I

1~
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4.2 NAVIGATION PROCESSOR LINE REPLACEABLE UNIT

4. 2. 1 (~ENERAL DESCRIPTION

The Navigation Processor Line Replaceable Unit No. 2

(NAV—LRU) is the basic computational and control component

of the HDUE system. The NAV—LRU is divided into two

• processing systems. both having access to a common hardware

Float ing Point Arithmetic Unit (FRAU). The first processing

system i the Master Control Subsystem Processor (MCSP )

which control-s the flow of data between the processing

components and controls the mode of operation. The second

processing system is the Navigation Processor (NAVP) which

performs the navigation computations.

4.2.2 FUNCTIONAL DESCRIPTION (refer to Figure 4.2—1)

The Microprocessor Module (MPM) provide -s computational

and functiona l control capab ility . Each MPM interface-s with

Data Memory Modules (DMM ’s). a Commun ication Register

Interface Module (CRIM). and the FPAU on its local memory

bus. Each 11PM also interfaces with the common memory and

the Data Bus Extender Module (DBEM) through an Internal Bus

Interface Module (IBIM). The MCSP communicates with the

RCVR—LRU through the Serial Bus Interface Module (SBIM) and

with the CDU—LRU through the Driver/Receiver Interface

Module (DRIM).
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A more ~eta~.led functional allocation to these modules is as

fo l lows:

I. Microprocessor Module (-refor to Figure 4.2—2)

The component s of the MPM, as shown in Figure

4. 2—2. are the microprocessor unit . address decode

logic , programmable read—only memory (PROM). PROM power

switching circuitry . random—access memory (RAM ), clock

circu itry . and buffer logic.

The basic functiona l component of the MPM is the
-. single chip , 16—bit, Integrated—Injection—Logic.

sbp9900 m icroprocessor unit.

The SBP9900 is -software compatible with the TI 990

m inicomputer family. General operational

characterist ics the microprocessor unit exhibits are:

(A) 16—bit instruction word

(B) 3—MHz ba-sic clock

(C) Memory—to—memory architecture

CD) Memory address capability for up to 32.768

sixteen—b it words or 65,536 eight—bit bytes

CE) Separate memory. I/O, and interrupt bus

structur e

(F) Use of 16 work—space registers in memory

(C) Up to 16 prioritized interrupts

(H) Instruction—driven communication register

un it (CRU ) and direct memory address (DMA ) I/O

capability
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Figure 4.2-2. Functional Bl ock Di agram Microprocessor Modul e
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- The MPM ad d ress de c ode l o g i c  p erforms memory

address recogn ition and decode for the memory (PROM or

RAM > contained within the MPM. The PROM on the MPM

provides th e microprocessor unit with 512 words of

nonvolat ile -storage for program instruction and data

constants. The PROM switching circuitry minimizes MPM

power by disabl ing the power source from all MPM PROM

devic es not being addressed. The RAM on the MPM

prov ides the microprocessor unit with 256 words of

high—speed read/write memory for allocation as

work—space memory. The optional 11PM clock circuitry

prov ided for u-se as a system clock has been bypassed to

enable ut ilization of an external clock located on the

MPM ’s associated 18111. The buffer logic on the MPM

p rov ides the nec essary buff er ing for the mi crop rocessor

unit memory bus and CRU bus signals.

The MPM memory bus provides the m~ chan ism for

information transfer between the MPM and’ memory for

instruction fetch operat ions and storage/data -retrieval

operations. The instruction—driven CRU bus , along with

the microprocessor unit DMA I/O feature . provides the

11PM with input/output capabilities.

II. Data Memory Module
5

Each DM11 prov ide-s the system with 4,096 words of

random—access read/wr ite memory for temporary storage

of 17—b it data words (16 bits for data and 1 b it for
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parity). Each DMM contains a single—port data and

address bus compatible with the MPM local memory bus.

III . Communications Register Interface Module

The CRIM consists of:

(A) Communication register unit decoder and

buffers

(B) Interru pt circuitry

(C) Par ity generator/checker

(D) Reset circuitry

The CRIM decodes bits 3 through 5 of the address

bus into eight register select lines for use by any CRU

device. The other address and CRU control lines are

also buffered for use by CRU devices. The interrupt

circuitry synchronizes the interrupt stimuli, provides

interrupt masking/clearing capabi lity~ and generates

the interrupt request and code signals for the MPM,

(refer to Table 4.2— 1 for the Interrupt priorities ).

Th. parity generator /checker performs parity checks on

read op erations and gen erates th e p arity bit for

storage during operations to read/write memory. Parity V

errors are signalled to the user as interrupts. The

reset ci rcu itry receives the various system reset

stimu l i (e.g. . from power supply ) and provides

corresponding reset signals to the other processor

mod ules.
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• IV. Internal— Bu s Interface Module

In Figure 4.2—1. communication between the

processors in th. multiple processor configuration is

accomplished via the interna l bus (I—bus). The 1—buc

is a high—speed . 16—bit parallel data bus. The

transfer of data between processors is accomplished

through an intermediate DMM interface to the I—bus.

Each MPM interfaces to the I—bus through its associated

• IBIM. The IBIM controls access onto the I—bus and

• provides for the bidirectional passage of data between

the MPM and the I—bus.

V. Floating Point Arithmetic Unit

The FPAU provides floating—point arithmetic and

conversion capability. The FPAU is a dual—port .

highspeed . auxiliar y arithmetic unit that performs

single and double precision arithmetic operations. The

FPAU can be interfaced to a maximum of two processors

via their local memory buses. In the HDUE system where

the FPAU is interfac~ed to two processors . a software

calling sequenc. has been established to avoid usage

confl icts.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ •~~—~~~~~•
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• - i VI. Data Bus Extender Module

Additional input/output capability is provided by

the DBEM wh ich ext end s the I—bus to external devices.

Specific external devices in the HDUE system include

the Instrumentation Interface Unit LRU and the TI

990/10 Software Development Facility.

VII . Serial Bus Interface Module

The SBIM converts clock signals and data to the

format re quire d by the STDI1 bus for interface b etw een

the MCSP and the RCVR—LRU.

VIII. Driver/Receiver Interface Module

The DRIll p rov ides dr ivers for long ca b les to the

CDU—LRU for passing CRU contrOl information b etwe en the

MCSP and the CDU—LRU.

4.2.3 FUNCTIONAL INTERFACE

Th.e micro processo r unit on ea ch MPM ex ecutes a full

minicomputer instruct ion set containing 69 instructions.

Th. arithmetic instructions include add, subtract . compare.

negate. absolute value, increment. decrement . shift

left/right arithmetic, clear. mu ltiply. and divide. A

variety of logical instructions is also provided. Included

are set l’s/O’s corresponding . compare l’s/O’s

corresponding. exclusive OR. invert. AND. OR. and shift

logical/c ircular. Tb. set of program control instructions
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- includes jump (13 conditions). load, store. move, swap byte.

branch . and return (from interrupt/subroutine). Seven

addressing mod es ar e availab le for operand derivation.

Instruction execut ion times range from 8 (store) to 124

(d ivide) clocks. Most instructions require 10 to 20 clocks

to exe cute, with variations dependent on the instruction

* function and the specified operand derivation cycle. Table

4.2—2 lists the various processor instruction execution

times assuming a 3—MHz system clock. •
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4.2.4 MECHANICAL DESCRIPTION (refer to Figures 4.2—3 and

4.2—4)

The NAV—LRU is contained in a single case and contains

5 subassem b lies. These are: 1) NAVP. 2) MCSP. 3) DBEM, 4)

Common memor y. and 5) FPAU.

I. The NAYP contains the following modules:

Name

1 MPM

1 CRIM

1 IBIM

6 DMM

II. The MCSP contains the following modules:

Name

1 MPM

• 1 CRIM *

1 1MM

6 DMM

I. SBIM 1

1 SBIM 2

1 DRIM

III . The Common memory consists of one DMM.
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> FFFE

512 Words PROM (MPM) A6 512 Words PROM (MPM) A20 > FEOO

Not Used Not Used > FCOO

256 Wo rds RAM (MPM) A6 256 Words RAM (MPM) A20 > FAOO

3 Words SBIM A8 & A22 3 Words Not Used > F9FA

Words Not Used Words Not Used > F900 *

1 Word FPAU 1 Word FPAU > F8FE

Not Used Not Used > F800

• DBEM A23 > F200

512 Words Instrumentation Interface Unit
DBEM A23 > F000

4K Words 0MM (Global)
A24 > 0000

Not Use > C000
* 

4K Words 41< Words
DMM/P144 DMM/PMM
(Local) A15 (Local) A30 > A000

4K Wo rds 4K Words
OMM/ PMM DMM/ PMM
(Local) A14 (Local) A29 > 8000

4K Wo rds 41< Word s
DMM/Pt’1’1 DMM/PMM
(Local) A13 (Local) A28 > 6000

4K Words 4K Words
DMM/PMM CMM/PMM
(Local) A12 (Local) A27 > 4000

4K Words 41< Word s
DMM/Pt41 DMM/PMM
(Local) All (Local) A26 > 2000

4K Words 4K Words
DMWPMM DMWPMM
(Local AlO Local A25 0

Figure 4.2-4. NAV-LRU Memory Map
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IV. The FPAU consists of the following modules:

~tg. N4me

I FPAU Interface

1 FPAU Pro cessor

1 FPAU Control 1

1 FPAU Control 2

1 FPAU Shift Register

2 FPAU B it Sl tce

The NAV—LRU also has provisions for a third processing

sy stem locate d at t he rear of t he LRU . In t e rconnec t  ca bl ing

ex istsi however, connectors are not installed on the

motherboard. The LRtJ is cooled by a fan at the rear of the

LRU wh ich draws air across the modules for cooling . The DC

power supply is located on the underside of the unit and is

removeab le.

The memory mapping versus the hardware module is shown

in Figure 4.2—4.

• 

• 
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• 4.2.5 ELECTRICAL INTERFACE

I. Inputs

CATEGORY SXGNA .. : CHARACTERISTIC SOURCE
NAME 1

I S II I I
I I I
• I I

Power 1 28VDC 5.8 a 1 AC/DC Cony
• I I
• I I

Power 11SYAC 115VAC , 400Hz, 41 w I AC/DC Cony
• p p
• I I

Data UPCRUINZ TTL (CRU data input) *MP, CDU—LRU

Logic UPBINZ TTL (data bus input) MP

Logic /MPRSTZ TTL (Maintenance panel reset) MP

Logic /MPLOADZ TTL (Load command) MP

Logic 1 /DEMERIZ TTL (memory error for data IIU—LRU
read )

I I II I I

Logic /DESTRTIfl TTL (to indicate that the IIU—LRU
DREM is to initiate a

I : memory cycle on the local
I—Bus)

I I
• a I

Logic DEREADIZ : TTL (read/write) IIU—LRU
I • I

Log ic I /DEHOLDIZI TTL (to indicate that the IIU—LRU
I—Bus acce ss is to be
retained once acquired )

I I aI I I

Logic I /DERESIZ TTL (250—nsec (min) asynchronousl IIU—LRU
low reset pulse )

• a a

Log ic I /DECDMPIZ TTL (to indicate that the I IIU—LRU
memory cycle initiated by
DBEM is complete )

Cloc k I INT— 1 **TTL DR (20—msec FTF) RCVR—LRU
2OMSOUTZ

and 1 1
INT— I

I 2OMSOUTR Z I I

i-Np — Maintenance  Panel
**TTL DR — output of a SN54265 or equivalent
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II . Out puts

CATEGORY SIGNAL I CHARACTERISTIC 1 DESTIN.
NAME 1

I I a
• I I

I I II a a

Analog I UPVCCSAM I 5VDC (VCC sample to indicate 1 NP
I that power is applied to 1

the MPM)
I I I
• I I

Data I UPA (O0— 1 TTL DR (processor address) 1 MP
I 14)Z and 1 1
/UPA(0O— 1 I

1 14)Z 1

Logic /UPMEMENZ TTL (memory enable) 1 NP

Logic /UPENDCYfl TTL (end of memory c y c l e )  NP

Logic UPIAGZ I TTL (instruction acquisition ) I NP
• a Ia a p

Logic UPCRUOUTZ TTL (CRU data output ) NP

• Logic UPCRUCLKZ TTL (CRU c l o c k )  NP

Logic 1 /DEMOROZ 1 TTL (to indicate parity error I IIU—LRU
was detected for the
data read fro’~ the local 1

• I I—Bus ) I
• I II I I

Logic I /DECOMPOZ TTL (to indicate that the I IIU—LRU
memory cycle initiated by 1
the remote device is

I com plete )

Logic I /DERESOZ 1 IlL (250—nsec (min) asqnchronous IIU—LRU
low reset pulse) 1

Logic I /DESTRTOZ TTL (to indicate that the 1 IIU—LRU
I remote device is to

initiate a memory cyc l e  I
on the remote bus )

I • I• , I

Logic 1 /DEREADOZ I IlL (read/write control) 1 IIU—LRU

Logic 1 /DEHOLDOZ I TTL (to indicate that the I IIU—LRU
I remot e b us is to be

reta ine d once acquired ) 1

Logic I /DRCRUOTZI TTL DR (CRU data ) : CDU—LRU
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1 and
I DRCRUO TZ . 1 I

• I I I

Logic I /DR8TRCKZ I TTL DR (CRU output strobe) I CDU—LRU
• I and I

I DRSTRCKZ 1
I I I

Logic $ /DRBZCO—2)I TTL DR (Byte address code 1 CDU—LRU
I and I UPA (9—11))
1 DRBZ(0—2)I

Logic I /DRLZ(0—2)I TTL DR (Latch address code I CDU—LRU
I and UPA (12—14))

• I DRLZ(0—2)

Logic 1 /DRRZ(6) 1 TTL DR (REGISTER enable line I CDU—LRU
I an d re present in g CRU a dd resses
I DRRZ(6) I hex 1800 through 1BFE) I
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- III. Si—directiona l

CATEGORY : SIGNAL 1 CHARACTERISTIC I SOURCE/
I NAME I DESTIN .

I I I
Clock 1 SBCLKZ I *TR DR (clock for transferring I RCVR—LRU

an d 1 data be tween RCVR an d NAy I
I SBCLKRZ 1 LRU ’s) I
• I I
I a I

Data I SBDATAZ I TR DR (communication data I RCVR—LRU
and 1 between RCVR and NAV I

I SBDATARZ I LRU ’s) I
I I I
I p I

Data 1 DEDZ (00 I Tn —state TTL (data) I IIU—LRU
I 4 t I a
I £ ~ 1 1

I I I
I I I

Data DEAZ(05 I Tn —state TTL (address) I IIU—LRU
: —19) I

*TR DR — Transformer Drive

I i
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4.3 CONTROL. DISPLAY LINE REPLACEABLE UNIT

4.3.1 GENERAL DESCRIPTION

The Control Display Line Replaceable Unit No. 3 (CDU )
‘S

is the man /machine interface for the HDUE system. This Line

Replaceable Unit (LRU ) accepts c ommands from the operator

via a keyboar d an d t ransmits  them to t h e Master Control

Su b sy stem Pro cessor (MCSP). The MCSP tran sm its information

to the CDLI wh ich then displays the information on two

10—character alphanumeric displays. The type of information

• transmitted or received is determined , via operator control.

by the position of the data mode and format switches.

4.3.2 FUNCTIONAL DESCRIPTION (refer to Figure 4.3—1)

The CDU—LRU contains the following elements:
• 1) CRU driver/receiver

2) CDLI electronic interface unit

3) Alphanumeric display

4) Input/Output controls

5) Integrally lighted panel

• 6) Power supply

• The inter—relation of these elements is illustrated in

Figure 4.3—1. The f u n c t ional a l l oca t ion t o these elements

is as fo l lows :

j
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- I. CRU driver/receiver

This is the interface circuit which converts CRU

information on balanced line driver inputs from the

Driven Receiver Interface Module (DRIM) within the *

Navi ga t ion  Processor LRU to sin g le en ded TTL level s for

use within the CDLI. Transfers from the CDLI to -the

NAV—LRU are converted from single ended TTL levels to

balanced driver outputs to be transmitted to the DRIM

in the NAV—LRU.

II. CDLI electronic interface unit

This unit serves as an interface between the MCSP

and the control panel through the CRU driver/receiver.

The CDU Electron ic Interface Unit (CDUEIN)

- consists of 1) CDLI display driving logic , 2) CDLI

control pick—up logic , 3) CDLI lamp driving logic, and

4) failure detector for the MCSP.

(A) CDLI display driving logic

The CDLI display driving logic consists of

c ircuitry to accept inputs from the MCSP and drive

the alphanumeric displays. The core of the CDLI

d i s p l a y  driving logic is a 64 X 8 random access

memory (RAM). Data to be displayed is transmitted

f rom the  NCSP and stored in the RAM. The CDLI

d i sp lay  driving logic then strobes the  d i sp lays

us ing the contents of this RAM . The strobing
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process is continuous, pausing only long enough to

all ow new data to be read into the RAM. Data is

read into the RAM in an 8—bits (one byte) parallel

f ormat .

— (B) CDLI pick—up logic

The CDLI contr ol pick—up logic monitors

operat or comman ds in put v ia the in put controls  an d

sends the c ommands to the MCSP.

(C) CDLI lamp driving logic

The CDLI CAUTION lamp driving logic accepts

inpu ts  from the MCSP. Th is lam p is con t ro l l e d b y

the MCSP software.

(D) Failure detector for the MCSP.

The f a i l u r e  d etector for the  MCSP mon itors a

signal from the MCSP to detect a malfunction or

enable  s tatus.

III. Al phanumeric display

The alphanumeric display consists of two rows of

10 characters each. The characters are 16—segment

incandescent units. locate d as shown in Figure 4.3—2.

The display ii strobed by the CDLI display driving logic

in sets of 10 at a rate greater than 60 com p lete

refreshes per second ; thus. the top an d bottom r ows are
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Figure 4.3-2. CDU Control Panel
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• strobed in parallel at a rate greater than 60Hz. The

displays are covere d with a red density filter.

IV. Input/Output controls

The Input/Output controls allow the operator to

issue commands to the HDUE. interrogate the system for

informations and input data. The Input/Output controls

are illustrated in Figure 4 3—2.

-
- V. Integrally lighted panel

The front panel is an integrally lighted panel.

The intensity of the integral lighting is adjustable

through a control installed on the Instrumentation

- ‘ Interface Unit (LRU No. 5*> to simulate the norma l

cockpit panel intensity control.

A lamp w ith the advisory legend 11CAUTION” is

illuminate d independently. The on—off switching of

th is lamp is controlled by software in the MCSP. The

legen d “CAUTION” is in translucent letters colored

aviat ion ye l low.  When not ener gi zed , the  le gend is not

readable.

VI. Power supply (refer to Figure 4.3—3)

Th. power supply consists of five sections: 1)

switching regulator. 2) DC—TO—DC converter 3) voltage

monitor. and 4) temperature monitor .
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A ) Switc hing regulator

* 1  Power supplied to the CDLI is regulated by a

switching regulator operating at 40 KHz.

B) DC—to—DC converter

The output of the regulator is supplied to

the primary of a DC—to—DC converter operating at

20 KHz. The DC—to—DC converter transformer has

three secondaries which are rectified and filtered

to provide +5. +18. and +23 volts as required by

the CDLI. The +18 volt supply powers a precision

* regulator which serves as a reference. In

addition . a 40—KH z sawtooth is generated from this

reference whic h modulates a 5.0—volt reference.

By comparing the 5—volt sawtooth modulated

reference with the 5—volt outputs a duty cycle

modulated 40—KHz pulse train is produced which has

an Ia 0fl Ia time proportiona l to the r e la t ive  error

b etween the referen ce an d th e out p ut voltage.

This p ulse t ra in  is cou p le d b ack  t o the  sw i t ch in g

re gulator drive circuitry and thereby adjusts the

t ransformer p rimar y vo l ta g e p rovi d in g close d loop

regulation.
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C) Voltage monitor

A volta ge moni t or cons ist in g of window

com parators set to the upper and lower limits of

acceptable regulation is provided to detect

out—of—tolerance operation on each voltage. This

output provides the “power good” signal which

initializes the logic in the CDLI whenever the

p ower is turned on.

D) Temperature monitor

Excess ive temperature rise in the CDLI1 for

whatever reason, is sensed by a thermistor. When

a preset threshold is exceeded , the supply is

turned off until the temperature returns to an

acc ep tab le level to prevent damage to the

com p on ents .

4. 3. 3 FUNCTIONAL INTERFACE

I . Power turn on

When the  operator moves t he MODE select swi tch  to

a non—off position. a relay is energized in the AC/DC

Converter LRU wh ich allows battery—buffered 28 VDC to

be su pp l ied to a l l  HDUE LRLIs.

II. Operator displays

The alphanumer ic display lamp s which convey data

an d status to the  operator are sof tware con t ro l l ed .

- 
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ALERT and WARNING messages are displayed on the

upper row of the display. The messages that can be

displa y ed are as follows, listed in order of priority:

ALERT Messages

ENT 2 SHORT
ALPHA ERR
NUN ERR
HEX ERR
ENT 2LONG
SWITCH RNO -
NO FREEZE -

NO INPUT
NO ALMANAC

WARNING Me ssage

MCSP FAIL
NAVP FAIL
RCVP FAIL
INIT TIME

• INIT P05
TRK FAIL
RCVR FAIL
REACG FAIL
WYP BEHIND
LAST ENTRY
SV MESSAGE
SYSTEM GO

For a description of these messages refer to

paragraph 3.2.5.

The MCSP inter ro gates the operator in puts  at a

rate of 10 Hz. The CDUEIM has the watch—dog circuit

wh ich mon itors th is con sis tent  s ig nal  from t he MCSP .

Constantly the operational status of the processor is

checked and the CDUEIM shows a specific indication in

the d is p lay if the interrogations are missing. The

“CAUTION” lamp is also controlle d by the MCSP

PAGE 204
_ _ _ _ _ _ _ _ _ _  - •  - - —-- — - - • — • *~~~~~~~~ - • . -~~~~~~ * • * • - -



r’. ~~ 
- . _~~~ —‘_*... —‘- .—.-•‘ - • *— *.-*-. - — .._.- -- -_ _ .  

~~~~~~~ •
~~~ —,--—--— -t-—* -~~~t~~ 

•
~~

•
~1~ * ~~~~~~~~~~~~~~~~~~~~~~~ ~~‘~~~0~ - -

— S S -~~~~~~
•

*~ 5 - -

— 
- 

- -- — — -— 
- a - - - -

— -

software.

I I I .  Operator inputs

The operator ma y make entr ies as descr ib ed in

Tables 4.3—1 and 4.3—2.

The data entry keyboard is encoded using 3 column

switches and 6 row switches. which requires five

di screte bi ts to de te rmine  wh ich momentary contact

switch the operator has depressed. The format toggle

switch is used to change display formats via the

software.

4. 3. 4 MECHANICAL DESCRIPTION

The configurat ion of the CDLI is as shown on Figure

4.3—4. The front panel wa~ discussed above in the

FUNCTIONAL INTERFACE section. The circuit boards are

located behind the front panel and slide out vertically.

The connectors and fusing for t he 28 VDC are locate d on the

rear panel. The higher heat dissipation portions of the

DC—to—DC Converter are located on the inside oP the rear

panel.

- t 
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TABLE 4.3—1
- 

• .  FUNCTIONS OF KEY SWITCHES

Sumbol Description
P1K MARK. stores vehicle present position in waypoint.

FZ FREEZE, stores vehicle present position as
determined by the NAVP in a temporary register.

UP UPDATES updates NAVP with contents of waypoint.
altitude , true air speed, heading , and time. 

- 
-

IN 1 INPUT ROW 1. puts display into input mode . t

IN 2 INPUT ROW 2. puts display into input mode.

- CLR CLEAR. clears contents of any display in the
input or input error modes and puts display

* 
into output mode without af fect ing the processor
memory contents.

ENT ENTER S enters contents of any display in input
mode into the processor memory and puts display
into output mode.

WN WARNING Request. allows warning message to be
observed when a CAUTION indicator is illuminated.

~~ I Caus es th e upper left portion of the keys to
I 1 1 activate.

1 I ~ I Causes the upper right portion of the keys to
I I I activate.

DECIMAL, contr ols memory address increment.

— MINUS . controls memory address decrement.
A lso causes entry values to be negative.

A to Z Values entere d as depressed.
O t o 9
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TABLE 4. 3—2

-• FUNCTIONS OF CONTROL SWITCHES

-U

* 
Sumbol Descript ion

MODE Power on—off -

DATA Controls the display and directs inputs

WAYPT Contro ls t he in put of t h e DATA sw i tch

FORMAT •. Sel ect s ma gnet ic or t rue r eference

INS Not presently used

DISP BRT Controls brightness of alphanumeric display
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- 4. 3. 5 ELECTRICAL INTERFACE

I . In puts

CATEGORY 1 SIGNAL I CHARACTERISTIC 1 SOURCE
TYPE I NAME 1 1

S S S

Power 2BVDC 2. 1 a IAC/DC Cony

Power 1 115 VAC I 1 w (400 Hz. 1—phase) AC/DC Cony
I U I

— I I U

Power 1 28VDC I Variable 0—28VDC Integral
Pane l panel lighting flU

Logic : /DRCRUOTZI *TTL DR (CRU data) 1 NAV—LRU
1 DRCRUOTfl
• I
S I

Logic 1 /DRSTRCKZI TTL DR (CR0 output strobe) 1 NAV—LRU
DRSTRCKZ

Logic 1 /DRBZ(0—2)I TTL DR (BYTE address code 1 NAV LRU
1 DRBZ(0—2H UPA (9—11)) 1, ,
• U S

Logic /DRLZ(0—2) TTL DR (LATCH address code NAV—LRU
I DRLZ(0—2) UPA (12—14))
S U S

Log ic /DRRZ (6) 1 TTL DR (register enable line) NAV—LRU
1 and I
I DRRZ(6) 1

*TTL DR — From a d ual line driver type SN55114 or equivalent.

II.  Out puts

CATEGORY I SIGNAL CHARACTERISTIC I DESTIN.
1 NAME 1 I
I S

Data I /CDUCRUINZ $ TTL DR (CR0 ser ial output I NAV—LRIJ
I CDUCRUINZ I Data ) I
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4. 4 AC/DC CONVERTER LINE REPLACEABLE UNIT *

4.4.1 GENERAL DESCRIPTION (refer to Figure 4.4—1)

Th e AC/DC CONVERTER contains the c i rcu i t r y  necessary

to: 1) acce p t 115 VAC 400 Hz1 convert it to 28 VDC. and

distribute it to the other LRU ’s 2) accept 28 VDC and

t distr ib ute it to the  other  LRU ’s. and 3) provide continuous

28 VDC to the oth er LRU’s during momentary primary power

interruptions lasting for up to seven seconds. The other-

LRU ’s contain DC—TO—DC converters to provide the necessary

operatin g volta ges . Refer to Figure 4.4—4 for HDLIE 28 VDC

distribution.

4.4.2 FUNCTIONAL DESCRIPTION (refer to Figures 4.4—1 and

4. 4—2)

The AC/DC Converter Unit provides 28 VDC input power to

the in d iv id ual HDUE LRU ’s. When three phase. 400 Hz primary

power is available it may be sel ecte d wit h a sw i tch on the

unit to be converted and provided as an alternate to th e 28

VDC aircraft source. When 28 VDC primary power is selected

the AC/DC Converter provides protection from transient

surges appearing on the input power line. Also included in

this LRU is a battery pack which is automaticall y switched

onto the HDUE 28 VDC during momentary outa ges in the primary

power. This back—up suppor t is provided for both the

115 VAC and 28 VDC operation.
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When operating from the 28 VDC, the AC/DC Converter

generates 115 VAC, single phase 400 Hz power for the LRU

cooling fans an d run time totalizing meter s and for the

interna l battery charging circuit.

I. AC—TO—DC Converter section - 
-

A diagram of the AC/DC Converter section is shown

in Figure 4.4—1. The 3—phase EM! line filter removes

high frequency ripple and sp ikes on the primary power

input. A single—phase detector monitors improper

phasing of input power. In the event of a failure of

one or more phases of the primary p ower. the 3—pole

relay br ea ks the circuit  until norma l phasing is

restored . The 28 VDC is provided by the step down

transformer followed by rectifiers.

* II. 28 VDC surge protect ion

The ouput of the rectifiers. or alternatively, the

aircraft 28 VDC primary power is supplied to the input

filter networ k in Figure 4.4—2. This choke and

capacitor bank protect the HDUE from transient surges

on the aircraft power and prov ide the  ripple f i l t e r ing

required on the rectifie d 28 VDC from the AC/DC

* Converter .

I I I . Battery back—up supply

j  Th. back—up battery provides continuous 28 VDC
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p ower to the HDUE LRU ’S in the event of primary power

- 

- 
- 

- - dropouts. In addition. turn on and arming for the HDUE

sy stem from the  CDLI is p rovi d ed . This  u n i t  also

generates 115 VAC, 400 Hz. single phase power for the

HDUE cooling fans and time totalizing meters . as well

as auxiliary charging voltage for the battery pack.

The ~harging regulator profiles the rate of charge with

temperature to prevent damage to the battery pack. An

overvolta ge moni tor  conta in ed in the unit disconnects

primary power during periods of sustained, abnormally

high voltage which might damage subsequent circuits.

and an undervoltage monitor connects the battery pack

in the event primary input power drops to the point

that the distribute d voltage is below 20 VDC.

4.4.3 MECHANICAL DESCRIPTION

The conf igurat ion an d component location is given in

Figure 4.4—3. Fuses are provided for 115 VAC to each of the

three LRU ’s ——Receiver. Nay Processor (an d IIU), and CDLI——.

115 VAC to the internal  battery charging circuit , 28 VDC to

the CDU, and 28 VDC to the internal 400 Hz inverter.

Circu i t  breakers  are provided for the input 3—phase 115 VAC

and input 28 YDC.

The voltage distribution is shown in Figure 4.4—4.

.5-.
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4.4.4 ELECTRICAL INTERFACE *

I. Inputs

CATEGOR Y I SIGNAL I CHARACTER ISTIC 1 SOURCE
I NAME I
• S S

U S

Power I 28V 1 26 a (22 to 30 VDC (steady I prime pwr
I state ) MIL—STD—704.

$ Category B; limits 2 1
I and 3) I
U S S
I I S

Power 1 PH A—C 1 754 w (100 to 130 VAC. 3 phase I prime pwr
and 1 380 to 420 Hz) I

NEUT 1
U I S
I I I

Logic I CDLI ON I Level (GND switches system I CDU—LRU
power on)

II. Outputs

CATEGORY I SIGNAL 1 CHARACTERISTIC 1 DESTIN .
1 NAME I
a I S
• I I
I U I
I I -

Power 1 28V 1 16 a (20 to 30 VDC ) I RCVR—LRU.
1 - I NAV—LRU.

I CDU—LRU
S I U
I S I

Power 115 VAC I 200 w (115 
~~~. 
15% VAC, 1 phase 1 RCVR—LRU.

I 380 to 420 Hz) I NAV—LRU.
$ $ I CDU—LRU

The distribution of the output voltages and their respective loads
are listed in Table 4.4—1.

.
-
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4. 5 INSTRUMENTATION INTERFACE LINE REPLACEABLE UNIT

4. 5. 1 GENERAL DESCRIPTION

The Instrumentation Interface Unit CIIU) is support

equipment normal ly  used with the HDUE. The IIU (LRU 5)

provides: 1) interface with the pallet HP2100

Instrumentat ion Processor, 2) HDUE program cassette loading.

and 3) HDUE microprocessor maintenance panel interface. In

I addition to the above interface functions the IIU provides

p anel edge light intensity control for the CDLI.

4. 5. 2 FUNCTIONAL DESCRIPTION (refer to Figure 4. 5—1)

I. Data Bus Extender Module

The interface between the IIU and the NAV—LRU for

data to be delivered to the instrumentation processor

I is accom p l i she d via a Data Bus Extender Module (DBEM).

This module functions as an extension of the NAV—LRU

I—Bus .

• II. HP2100 Data Buffer Controller

The HP2100 Data Buffer provides the functional

interface b etween the HP2100 Instrumentation Processor

- 

• and the NAV—LRU, via the IIU. Handshake signals CCDF.

CCDCI DCDF, and DCDC are u t i l i z e d for t ransfer  of data
* 

b l o c k s  cons ist ing of up to 256, 16—bit words from the

j  HDUE to the HP2100.
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. This  t ransfer  is d is cusse d below in the FUNCTIONAL

INTERFACE section.

III. Time Code Generator Interfac e

The Time Code Generator (TCO) Interface provides

interface between the HDUE and the TCG. The two 16—bit

wor ds of IRI G t im e are transferred via handshake and

logic signals /DATA 0, /DATA 1, /DATA 2. /STROBE, and

/DATA READY FLAG from the TCG. This transfer also is

discussed in the  FUNCTIONAL INTERFACE sect ion.

* 

IV. Memory Loader

The Memory Loader interfaces with the maintenance

panel multiplexer as shown in Figure 4.5—1. It enables

any one of the Microprocessor Modules (MPM ’s) in the

NAV—LRU or the RCVR--LRU. as selected on the IIU front

panel, to read data from the loader. Data is

transf.re d at a rate of 665 words per second.

V. Maintenance Panel Multiplexer

The maintenan ce panel multiplexer allows the

maintenance panel to enter data or to read data from

any memory location in the NAV—LRU or the RCVR—LRU for

basic diagnostic testing of the HDUE system. The

multi plexer also contains the memory loader interface.
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VI . Power Sup p ly

The internal power supply is a commercial unit

that converts 115 VAC 400 Hz from the AC/DC Converter.

via the NAV—LRU, to +5 VDC, +12 VDC. and —12 VDC for

use within the I IU .

VII. CDU Panel Edge Light Control

The CDLI lighting is controlled with a varia b le

vo ltage adjustable in the IIU to 28 VDC. The 28 VDC is

su p p l i e d b y the  AC/DC Converter, through the NAY—LRU.

4. 5. 3 FUNCTIONAL INTERFACE

I. HP2100 Interface Controller (refer to Figures 4.5—2

through 4. 5—4)

The I—Bus interfac e is a slave device. In this

conf igurat ion t he bu f f e r  memor y app ears as an extension

of the NAV—LRU communicat ion memory. The address space

of the buffer is hex address F000 to FiFE. The buffer

is a multiported device with high sp eed memory

components func t ional l y conf ig ure d to ena b le b l o c k  data

transfers (read cycles ) at rates determined by the

FF2100 DMA.

Refer to Figure 4. 5—3 for the functiona l flow and

to Figure 4. 5—4 for the  handshake  timing.

a
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CLEAR CMO 
-

CLEAR BUSY -

START HO
COMMAND—I

YES

SET BUSY LOAD
E R R O R  NO

• WORD CTR , MESSAGE

• ISSUE CCDF
CLEAR CMD ,

YES CLEAR BUSY

OK TO NO
SEND

(CCDc)

YES

UPDATE STATUS

SEND BLOCK START NO
COMMAND

LENGTH + ID

WI TH DCDF

YES

• INCREMENT

ADDRESS UPDATE

DECREMENT STATUS

A 
_____0-

YES
WORD
CTR O

NO

NO
CHECK

¶ OCDC

-; 
YES

SEND NEXT
ERROR NO START

WORD WITH MESSAGE COMMAND

DCDP

- YES YES

~ I Figure 4.5-3. Flow Dlagran HP2100 Control
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Upon power up. the controller begins in terrogat ing

the COMMAND word leaking for a logic 1. Upon detection

of the COMMAND word. the Controller enters the

initialization sequence which accomplishes the

following:

(A) set BUSY 1

(B) set COMMAND = 1

(C) read memory location F000 (block ID/word

lengt h )

CD) set word counter to number of words

CE) enter transfer sequence

The t ransfer  seq uence starts wit h mak in g t he f i r s t

word in the data block available in the buffer and the

transmittal of a Command Channel Data Flag (CCDF ) to

the HP2100. The HP2100 observes the first word of the

data block and sets up its respective counters, then

returns a Command Channel Control Command (CCDC ) when

it is ready to receive data . With the reception of the

CCDC the Controller leaves the first data word

availa b le on the buffer and t ransmits a Data Channel

Data Flag (DCDF ). The HP2100 reads the first word of

the data block and increments its counters then

returns a Data Channel Control Command (DCDC ). In

response to the DCDC the Control ler  places the second

word in the buffer and transmits another DCDF. This

process continues until the entire data block is cycled

through the buffer.

______ 
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The above sequence terminates if there is either a

non—zero error messa ge or the next data block is loaded

into the buf fe r .

(A) Non—zero Error Message

In the case of a non—zero error message from
• the HP2100 the transfer sequence terminates.

After 20 msec another CCDF is issued and the

sequence starts again for the same data b lock . In

the case of three failures of this type the

sequence is not attempted again unt il the next

data block is loaded in the memory buffer.

(B) Time—out

* The system assumes a good transfer of the

data block with a zero error message and loads the

next data b lock when it is ready. This occurs in

• a minimum of 160 msec from the last CCDF.

II. IRIG TCQ Interface (refer to Figure 4. 5—5)

IRIG time is available to the IIU via a 16—bit

data bus and 5 control lines. When it is necessary to

read the TCO, a “freeze ” is sent to the TCQ. This

“f reeze ” command holds the time in th. output buf fer of

the TCO at the instant that it was issued.
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/DATA 0 func t ions as t h e “freeze c ommand and is
5 

low when time is desired. /DATA 1 is for the least

significant word and /DATA 2 is for the most

s ign i f i can t  word. The /STROBE is low when t h e data is

to be read . The res p onse f la g from the TCC is

I /DATARDY.

Signa l timing is shown in Figure 4. 5—5.

4. 5.4 MECHANICAL INTERFACE

I The IIU is configured shown in Figures 4.5—6 and —

4. 5—7.

- -  -_ - -- - 5 - _—---.5—--- ~~~~~~~~~~~~~~~~~ .-~~_——~~~-5-*5-.5--~~-—- —-.5 -



- 

~~~~~~ T’: 
—.- -- - —-

~~~ 
~~~~~~~~~~~~~~~~ F-~~~~~ !

’5-
~~~~

5- 

~~~~~~~~~~~ ~
—

~~~
--——

~~~~~~~~~~~
—- -

5- - -~
q__ L~.__ . 

~~~~~~~~~ _ - ~~~~~~~ L _  - - 
- 

- 5* - - -  - --5

I —

• _

_ _

_

_ _

_  .~~~

-

~~__ _ _ _ _  
‘ I

_
~~~j~~~~~~~~ .~~ 

—
i

urri’~~~~~~~
H ___ _ _ _

a)

~ : 
t

I - ll~ 
:

- 

_ _  - r ~~

_ _ _ _  

I
~~ 

i— i-i- — tr —~ ..

_ _ _ _  ~~
I 

- , 

/ 

U

-

I-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -5-__~~~~~~~~~~~~~~~ -



- 
~~~~~~~~~~ —----——-- ~~~~~~~~~~~~~~~~~ - - — --—.--.~~~..,.—-- -- .. “—-- —

~
—- -

~ ‘-~r— ~~-...-..--.- - — .------.~~ . 
,.*.._. !_!., _5*

* ~~~~~~~~ -
~ A_ .. .j~ - •_.. - — 

. 5’— 5
.
• S.. 

• 5* . 5*.. - .

- -

N “I *

_ _ _  

“[ooRdHj ~~~~~~ 

~ 
1N1 ~rr

_l 
~ 

1

- - 5* -_  - -_  4

r 

- ‘Ii

_ _ _ _  
_ _  

_ _  

i

_ _ _ _  

m 
_ _

________  

!

I 
‘E l.

.5— i1r~

I ~~ c4 VNj 
~~[ 

dw f l~~~ ~
j wd~~j ~J~~~~M!!!1 

-
.

~~~~~~~~ 5*.5A 
---—~~~~~~~--~~~~~ 

- 
~~~~~~~~~~~~~

— ----- 5-



— ‘5--— -- S _ _ _5*~ ~~~~~~~~~~~~~~~~~~~~~~ “ 5 * ? 5 - * *~~’
5 - *

~~~~
’* 

5- 
~~~~~~~~~~~

5-
* ~~~~~~

‘5-
~~~~~~~~~~~~

5-
~ 

- 
~~~~~~~~~~~~~~~ ~~

5- 5* _5_ 5’5*5’*~ 5._5*•5-
- - -

5.4 — *5.. ..-.- - - —  -- - _._

_ 

— 
.5— 

. - 5’ - - -  
5* - *

-S

I
4. 5. 5 ELECTRICAL INTERFACE

I. Inputs

CATEQORY SIONAL CHARACTERISTIC SOURCE
TYPE I NAME

• II I

I I I• • I

Power 115 VAC 400 Hz1 1—phase. 1 w NAV—LRU
I I I

Power 28 VDC 2. 1 a NAV—LRU

Data CW (i0—15) *TTL DR (status word ) HP2100
I I I
I S S

Data I DA(O0—15fl TTL (IRIG time ) TCG
I I I
I S I

Log ic /DEMERIZ TTL (to indicate memory NAV—LRU
error for data read )

S I I
• I I

Logic /DESTRTIZ: TTL (to indicate that the I NAV—LRU
DBEM is to initiate a
memory cycle on the  local
I—Bus)

I I S
I I $

Log ic DEREADIZ TTL (read/write command) NAV—LRU.

Logic /DEHOLD Ifl TTL (to indicate that the NAV—LRU .
I I—Bus access is to be

retained once acquired )

Logic /DERESIZ I TTL (250nsec(min. ) asynchronous I NAV—LRU.
1 low reset pulse )
I I 1

Log ic 1 /DECOMPIZI IlL (to indicate that the I NAV—LRU .
memory cyc l e  in i t iated by
DBEPI is c omplete )

I I I
Logic 1 /DATARDY I TTL (to indicate t hat the IRI Q I TCG

I t ime is ready )

Logic CCDF I TTL DR (to indicate that the I HP2IOO
I nex t  data b lock  is rea d y I

to be read by t he externa l
1 instrumentation)
1 1 $

Logic 1 DCDF I TTL DR (to indicate that the I HP2100
I I n ex t  data word i~ ready tol
1 be read by the externa l I
I I instrumentation )
I I I

Logic I UPCRUINZ I TTL (CRU data input) I CaMP(S) 
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Logic I /PIPRSTZ TTL (Maintenance panel reset) PIP(5)

Logic I /P$PLOADZ $ IlL (Loa d will be generated I PIP (S)
$ I b y t h e Ma intenance Panel I

I to cause the 11PM to
1 execute a non—maskable

I interru p t with memory
$ I add ress h e x FFFC
I 1 containing the trap
I I vector )

*TTL OR — out put of a 8N54265 J or equivalent

CaMP(S) — NAY, RCYR, MSC, CDU(not used ) and HP ports.
The PIP port is selecta b le to the other processor ports.

II  Out p uts

CATEGORY 1 SIGNAL 1 CHARACTERISTIC DESTIN.
I N~~~~~~E

I I S
I S S

I I I
Data $ BO(00—15) IlL DR (data words of data I HP2100

I I block )
I I I$ S I

Data 1 818(1—6) I IlL DR (status—true tied high , 1 HP2100
complement tied low)

Data $ UPA (00— I TTL DR (processor address) VIP(S)
I 14)Z and I
I /UPA(00— 1
I 14)Z
S S
I I

Logic I /DEMOROZ I TTL (to indicate parity error $ NAV—LRU
was detecte d for the I

I I data read from the local 1
I I I—Bus) I
I I I

— Logic I /DECOMPOZ$ TTL (to indicate that the I NAV—LRU
I I memor y cy c l e  in it ia ted by 1
$ $ the remote device is

I complete )
1 $ 1

Logic $ /DERESOZ $ TTL (250—nsec(min) asynchronous NAV—LRU
I low reset pulse ) I

I- I I I

C
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Logic I /DESTRTOZI IlL (to indicate that the I NAV—LRU

I 1 remote device is to I
I I in i t i a te a memor y cyc le  I

“5*5’ 
$ on the remote bus)
I I I

Logic I /DEREADOZ TTL (read/write command) 1 NAV—LRU

Logic I /DEHOLDOZ I TTL (to indicate that the 1 NAV—LRU
I I remote bus is to be
I I retained once acquired) I
I I -

Logic : /DATA 0 1 Tn —state (to freeze data in 1 TCQ
I 1 ICC) I
I I

Logic 1 /DAIA 1 I Tn —state (to select IRIG 1 ICC
$ word l )  -

*
I I

Logic I /DATA 2 1 Tn —state (to select IRIG I TCG
I I word 2)

I S

Logic I /STROBE I Tn —state (to transfer IRIG TCG
I time data ) I

I I I
Logic I CCDC I TTL DR (to indicate that the 1 HP2100

ex te rna l  instrumentat ion I
I is ready to read the data I

1 : b lock)
- 

$ I
Logic 1 DCDC TTL DR (to indicate that the I HP2IOO

I I externa l instrumentation I
I is ready to read the next I

I $ data word ) I

• I

Logic I /UPPIEMENZ IlL (memory enable ) PIP(S)

Logic /UPENDCYZ TTL (end of memory cycle ) I PIP(S)

Logic I UPIAGZ I TTL (instruction acquisition) I PIP(S)

Log ic $ /UPRSTZ I IlL (Maintenance Panel reset ) I PIP (S)
I I $

Logic I UPCRUOUTZI IlL (CRU data output) 1 NP(S)

Logic $ UPCRUCLKZ $ TIL (CRU clock) I PIP(S)
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I
- - - I III. Bi—directiona l

CATEGORY 1 SIGNAL I CHARACTER ISTIC 1 SOURCE/
I I NAME $ 1 DESTIN.

I I

I S

Data I DEDZ(00— I Tn —state TTL (data ) $ NAY—LRU
$ 15) I
I I I
S S I

I Data I DEAZ (05— I Tn —state TTL (address ) I NAV—LRU
1 1 19) 1

I I I

I
I
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