DATAS Hardware

Diagnostic Tests

John Zvanya

October 1990

DOT/FAA/CT-TN90/44



Technical Report Documentation Page

1. Report No.
DOT/FAA/CT-TN90/44

2. Government Accession No.

3. Recipient's Catalog No.

4. Title and Subtitle
DATAS HARDWARE DIAGNOSTIC TESTS

TECHNICAL REFERENCE

5. Report Date
Oct-90

6. Performing Organization Code
ACD-320

7. Author(s)
John Zvanya

8. Performing Organization Report No.
DOT/FAA/CT-TN90/44

9. Performing Organization Name and Address
U. S. Department of Transportation
Federal Aviation Administration

Technical Center
Atlantic City International Airport, N.J. 08405

10. Work Unit No. (TRAIS)

11. Contract or Grant No.
T2001F

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address
U.S. Department of Transportation

Federal Aviation Administration

Technical Center

Atlantic City International Airport. N.J. 08405

Technical Note

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

This document is reference material for personnel using the Data Link and Analysis System (DATAS) for

Hardware Diagnostic Testing.

This is the second of a series of documents to be published on DATAS.

17. Key Words
DATAS
Diagnostic Tests/DATAS

18. Distribution Statement

This document is available to the public through
the National Technical Information Service,
Springfield, VA 22161

19. Security Classif.(of this report)

Unclassified Unclassified

20. Security Classif.(of this page)

21. No. of Pages 22. Price

46

Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized




TABLE OF CONTENTS

EXECUTIVE SUMMARY
INTRODUCTION

Background
DESCRIPTION OF EQUIPMENT

Hardware
Software

SYSTEM USER'S GUIDE

System Start Up Procedure
Overview of Diagnostic Routines

Detailed Description of the Memory Test Diagnostic Routines
Running of the Memory Diagnostic Tests
Troubleshooting Techniques

Hardware Diagnostics
DATAS Transmitter Setup Parameters

Initial Conditions
Start Procedure
Stop Procedure
Interrupt Procedure
Check for Interrupts

Diagnostic Loop-Back Path Setups

Analog Board Control

External Output Jacks

Raw Data Control

Decoder Tap Controls

Set-Up Decode Tolerance

Set-Up Decode Control

Select Decoder #1 for Diagnostic Input
Decoder Storage Control

RF Set-Up Control Parameters

Page

Xi

© 00 o1

13

13

16
16
17
17
17

18

18
18
19
19
20
20
21
21
21



TABLE OF CONTENTS (Continued)

Detailed Hardware Diagnostic Routines
Hardware Diagnostic Operation/Troubleshooting Techniques

Failure Conditions for Each Card

Transmitter #1/Raw Data Cards
Analog Card

Decoder #2 Board

Decoder # Board

Entire Digital System
Transmitter #2

RF Loop Back Test

Entire DATAS System Test

Page

22
25

26

26
28
29
29
33
33

35



Figure
1

2

10
11
12
13
14
15
16
17
18
19
20

21

LIST OF ILLUSTRATIONS

DATAS

Memory Test Data and Addresses

Memory Diagnostic Menu Page 1

Memory Diagnostic Menu Page 2

Memory Diagnostic Menu Display

Memory Test Data File

CHK Routine's Menu

DATAS Hardware Block Diagram

Menu for the HWTEST Diagnostic Routines

Menu for the Hardware Diagnostic Routine (Running)
Data File Generated for HWTEST

Failures in the Raw Data Card

Failure in the Analog Card

Predetermined Pulse String to Analyze Decoder #2 Card
File Storage for Decoder #2

Error String for Decoder #2

Predetermined Pulse String to Analyze Decoder #1 Card
Error String for Decoder # (Brackets Not Decoded)
Error String for Decoder # (Bracket Time in Error)
Data Storage for Entire Digital System Test

Error String Decoder #2 (Bracket Code)

Page

10
11
12
14
23
26
27
28
29
30
31
31
31
32
32
33

33



Figure
22

23

LIST OF ILLUSTRATIONS (Continued)

DataFile Storage for R_F Loop-Back Test

Error String for R_F Loop-Back Test

vi



Table

1

2

LIST OF TABLES

DATAS Memory and Control Addresses

ATCRBS Reply

Vil

Page

24



viii



EXECUTI VE SUMVARY

Thi s docunment provides reference material for personnel using the
Data Link Test and Anal ysis System (DATAS) for hardware
di agnostic testing.

Included in this docunent is a brief overall description of the
DATAS, and a thorough description of howto operate the hardware
di agnostic tests.

This is one of a series of technical notes published on the
DATAS.



| NTRODUCTI ON
BACKGROUND.

Since the beginning of the federal operation of the air traffic
control (ATC) system in 1936, the anmount of air traffic has
increased dramatically. In 1981 the Federal Avi ation
Adm ni stration (FAA) assessed their current status and it was
predicted that by the year 2000 air traffic would double. Faced
with this situation, the FAA conceived the National Airspace
System (NAS) Pl an. The NAS Plan included replacing the entire
existing air traffic system with new automated and conputer
enhanced systens. These systens included an Advanced Autonation
System (AAS) that will provide conputer assistance to air traffic

controllers, increased reliability via a digital Data Link
bet ween ground sensors and aircraft which will be provided by a
Secondary Surveillance Radar (SSR) known as the Mdyde Sel ect
Beacon System (Mdde S), which wll replace the current Air

Traffic Control Radar Beacon System (ATCRBS). Delivery of the
Mode S sensors will be in the [990's.

The FAA Technical Center has a major role in the inplenmentation
of the NAS Pl an. Many of the systens are being designed and/or
tested at the Center. From the design and integration of such
conpl ex systens spawns the growh of small test systenms such as
the Data Link Test and Anal ysis System ( DATAS).

The DATAS was originally conceived at the Technical Center by
menbers of the Data Link project whose responsibilities include
verification of Data Link systens reliability, interface
protocols and system capacities. The DATAS was designed and
fabricated at the FAA Technical Center to provide such test and
anal ysis capabilities.

DATAS is capable of testing all conponents of the Data Link

system These conponents include: ATCRBS and Mde S
transponders, avionics Data Link processors (ADLP3, and all Data
Link system interfaces. It wll also provide the capability of

Mode S sensor sinmulation and 1030 and 1090 negahertz (MHz) radio
frequency (RF) environnment analysis for all beacon transm ssions
including Traffic Alert and Collision Avoi dance Systens (TCAS).
The DATAS has the capability of RF signal analysis within the
frequency range of 950 to 1200 MHz.

DESCRI PTI ON OF EQUI PMENT
HARDWARE

Figure 1 shows a very general block diagram of a DATAS System
Physically, the systemconsists of three racks: the RF unit, the



DATAS hardware section (digital conponents), and the conputer
rack (each of which is approximately 19 inches x 12 inches x 19
inches), a dish antenna (which is approximately 50 inches in
di aneter), and, at m ninum one video display termnal.

RF UNIT
DATAS
HARDWARE
SYSTEM
1
INTERFACE
CARD
)
VME BUS
: —— R,
== MOTOROLA 68020 ~ DATA °
COMPUTER PRESENTATION
CENTROMNIX PRINTER SYSTEM SUBSYSTEM

WYSE TERMINAL PC TERMINAL

FI GURE 1. DATAS



The Motorola 68020 conputer uses a Mtorola MME 135A centra

processing unit (CPU). This processor card consists of a 68020
32-bit mcroprocessor operating at 20 MHz. There is 4 negabytes
of on-board random access nenory (RAM. The card also contains a
68881 fl oating point coprocessor. The nenory nmanagenent unit has
been disabled because there is too nmuch overhead involved for
sonme of the menory input/output (I/0O functions that the system
Wil be required to performwith the Mode S testing functions.

The conputer contains an MVMES50 card for timng functions. The
card provides up to 1 mcrosecond resol ution.

The conputer system uses a WYSE 75 (or conpatible) termnal and
any centronix interface printer. The lab system for software
devel opnent uses a Fujitsu M304X series printer

The DATAS may also contain an optional data presentation
subsystem for data storage, data reduction, and report
gener ati on. The presentation subsystem 1is actually an
i ndependent personal conputer (PC) system that plugs into the
Versa Mdule Extended (VME) Bus rack and interfaces to the
VMEDbus. An Xycom XVMEA682 VMEbus PC Advanced Technol ogy (AT)
processor nodule is wused for this purpose. This subsyst em
requires its own graphics display termnal. Optional peripherals
include a floppy disk drive and a Hewl ett Packard (HP) Laser Jet
Il printer or equivalent.

SOFTWARE.

The Mdtorola conputer systens were wused for the software
devel opment of the DATAS. The operating system of the DATAS is
Mot or ol a VERSADCS, version 4.6. VERSADOS operates on the various
CPU boards and systens offered by Mtorola and is a real-tine
operating systemthat offers the facilities to operate in a real -
ti me domain.

The DATAS prograns were witten in C | anguage, except for a few
of the lower level interrupt handling functions which were
witten in assenbly |anguage. The conpiler used was the Al cyon
C68 C conpiler

SYSTEM USER S GUI DE

SYSTEM START- UP PROCEDURE

When the user powers on the system the system perforns the boot
procedure and activates VERSAdos which, upon initialization, wll

pronpt the user for several inputs. If the user does not get a
pronpt on the screen, one or two troubl eshooting techniques can
be tried. The first troubleshooting technique is that the



WYSEA75 terminal is in the BLK node; which neans the ternminal is
not on line. The second one m ght be that the power of the 68020
conputer systemis off. If all is performng properly, the user
sees 135 bug> on the termnal. The user enters BO 0 8 <CR>
(<CR>=carriage return Kkey). If the user does not see enter
default system volune: user = after a few seconds, then the user
performs a sequence of options. Make sure that all of the
boards, hardware system and 68020 system are seated properly in
their slots. Make sure the power is off when performng this
task. Then power on the system If the systemstill acts in the
same manner as before, turn off the power. One of the hardware
boards has an external interrupt that has to be addressed. Pul
out one board at a tinme on the hardware system except the first
board, and continue with the boot-up procedure.

Repl ace the board that failed with a new board and continue
Wien the user sees on the termnal enter default system volume:
user =, the user responses with the volune and user nunber which
contains the Hardware Di agnostic Routines. The correct response
is sys:302. If a carriage return is entered, the default response

is selected (SYS:0). Do not worry, the correct user nunber can
be obtained by entering use 302 <CR> after the date and tine
pronpt are entered. The system will then pronpt you for the

current date with enter date (mm/dd/yy). (Note: nmm = nonth, dd
= day, yy = year.)

The system nust be dated since the current date is used as part
of the file nanes created by the diagnostic routines. The system
will then pronmpt for the current tine with enter tinme (hr:mn)-=.
The time of day is a critical entry for the diagnostic routines.
|f the user wants to run the diagnostic routines in the norning
and then in the afternoon and powers off the system between the
two runs, then the default tine will be the sanme as the norning
and afternoon runs.

OVERVI EW OF DI AGNOSTI C ROUTI NES.

After the user has established the correct start-up procedure and
the system is running, the wuser can now run the diagnostic
routines. DATAS hardware has to be able to pass two diagnostic
tests in order for the system to be used. The routines are
call ed menotest, which is the nenory test diagnostics, and hwt est
which is the hardware functional test diagnostics. After the
di agnostics are activated, a nenu is displayed on the term nal

By using the up and down arrows, the user will be able to scrol

to any selection. The wuser can scroll to the selection that
tests the conplete system or each board separately. Pr essi ng
<CR> starts the selected diagnostics. When the diagnostic
routine is testing a particular board or group of boards, the
term nal displays test in progress after the selection, and then



displays a pass or fail condition when the test is conpleted.
The diagnostic routine called nenotest first checks for nenory
errors throughout the system The diagnostic routine hwest
checks the operational aspect of the system It sends a known
ATCRBS reply through the RF unit and | oop back the sane signal to
the system for analysis of pulse wdth, spacing, anplitude,
frequency, code, and delay. Wen the systemtests are conpl eted,
a file is generated with the results. [If further exam nation of
the test results are needed, the user can list the test results
on the termnal by entering list ntst.dmddyy for the nenory
data, and data.dmmuddyy for the system data.

DETAI LED DESCRI PTI ON OF THE MEMORY TEST DI AGNOSTI C RQUTI NES. The
main function is called nenotest wth nenosub, arrypatt, and
arryrdwt as subfunctions. The file nmenotest.cf shows how the
functions are |inked. Menol i br.h and hwiibr.h are library files
that support all of the functions in the nmenory tests diagnostic
package.

Each board has a set of nenory addresses with read and wite
accesses permtted. In order for the nenory to be validated, a
menory check will be performed on a per board basis. The board
must be installed in the DATAS unit wunder test for proper
operation. The array card_exist[l2] contains a value of 1 if the
card is to be tested and O if not. For all boards not in the
system the corresponding elenent in the card exist array should
be 0.

[ O] - nothing

[ 1] - Transmtter #l
[ 2] - Transmtter #2
[ 3] - Transmtter #3
[ 4] - DPSK #1

[ 5] - DPSK #2

[ 6] - DPSK #3

[ 71 - Mode S

[ 8] - Decoder #l

[ 9] - Raw Data Card
[ 10] - nothing

[ 11] - nothing

The resultant data from the test perfornmed is stored in a file
cal l ed 302.ntst.dmmddyy. AA. The file is appended for every run
for a particul ar day.

The function called arrypatt.cc generates a fixed data pattern
that is stored in global nmenory and is used for all of the nenory
tests. The array contains 256 data points that are 32 bits w de.
There are three parts to this function. The first part wll
shift two |'s to the left with a fast and slow bit, exanpl e:



11
101
110

o o1Tw

1001
1010
etc.
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The data contained in the array will be as foll ows:

[
[1]

Ox00030003 hex
Ox00050005 hex
et c.

The upper 16 bits contains the sane value as the lower 16 bits.
This generates 120 data elenments. The second part shifts two Os
and the rest all ones to the left with a fast and slow bit
exanpl e:

1111 1111 1111 1100 = FFFC HEX

1111 1111 1111 1010 = FFFA HEX

1111 1111 1111 1001 = FFF9 HEX

1111 1111 1111 0110 = FFF6 HEX
etc.

The data contained in the array is as follows:

[ 120] = OXFFFCFFFC HEX
[ 121] = OxFFFAFFFA HEX
etc.
The last part will exercise alternating 5 s and A's for the |ast

16 addr esses.

The function lists on the termnal all of the tests perforned.
If the first selection of the tests is selected (page 2 of the
D agnostics), then the RF wunit nenory wll be checked for
validity. The remaining tests on page 1 checks the hardware
system The nenory addresses for each board are stored in a file
hwiibr.h (table 1). Each board is analyzed on an individua
basis or the conplete system

Page two of the nenu contains diagnostics that checks out the RF
unit and the control addresses. The file arryrdwt.cc contains the
control function for execution of the diagnostics. This function
will read and wite a nunber of addresses and check to see if the
data is correct. The following variables are utilized:

DATA_ARRAY = Starting address of the fixed data
that are witten to nenory.

HW ADDR = Starting nenory address.

ADDR_TOTAL = The anmount of address | ocations
exer ci sed.

MASK_OUT_BI TS

The bits that are ignored when the
data are read and checked.



The function checks out
chk_of f _bound conputes
determnes if the nunber

WoNe Ok whE

10.
11.

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

22.
23.

TABLE 1.

| NTERR_CONTR
TRANS CONTRL
EXT_OUT_CONT

DECON
DECON2

DECONS
DECON4
DECONS
RF_CONTROL

MODE_S | D
RAW CONTROL

RAW DATA
DECODED_DATA
SNAP_DATA

FREQ | _CHANN
FREQ 2 CHANN
FREQ 3_CHANN
LOC_OSC_FREQ

RF_ 1 CHANNEL
RF_2_ CHANNEL
RF_3_CHANNEL

TRAN 1_CONTRL
TRAN 2 CONTRL

16 addresses at
t he nunber
is anmnltiple of 16. |If

of addresses

a tinme.

The variable
bei ng used and
not, it passes

DATAS MEMORY AND CONTROL ADDRESSES

OXEF800000
OXEF800004
OXEF800008

OXEF800010
OXEF800014

OXEF800018
OXEF80001C
OXEF800020
OXEF800100
BITO
BIT1
BIT 2
BIT 3
BIT 4

| NTERRUPT CONTROL WORD
TRANSM TTER CONTROL WORD
EXTERNAL OQUTPUT JACKS

DECODER TAP CONTROL
DECODER TAP CONTROL

& TOLERANCE
DECCDER TAP
DECCDER TAP

1-4 SET-UP

5-8 SET-UP

DECODER STORAGE CONTROL

SELECT DI AG VSWR MODE
SELECT REFLECTED POWER

Dl SABLE | NTERFERENCE | NPUT
SPLI'T BENCH MODE ENABLE
SELECT EXTERNAL | NPUT FOR

RECEI VER
BITS 5 A 23 = SPARES
KEY (TO PROGRAM THE
RE_CONTROL SW TCH, 3
FUNCTI ONS HAVE TO BE

BITS 24 A 31

OXEF81C000
OXEF80000C

OXEF810000
OXEF824000
OXEF828000
OXEF800200
OXEF800300
OXEF800400
OXEF800500

OXEF800600
OXEF800700
OXEF800800

OXEF802000
OXEF804000

PERFORMVED:

EF800100 = " 00"
EF800100 = "0O7"
EF800100 = " 06"

RESET
KEY # 1
KEY # 2

EXPECTED MCDE S | D.

STATUS CONTROL
DATA

OF THE RAW

RAW DATA STORAGE

DECCDED DATA

SNAP SHOT DATA

CHANNEL 1 FREQU. QUTPUT
CHANNEL 2 FREQU. QUTPUT
CHANNEL 3 FREQU. QUTPUT

LOCAL CSC.

CHANNEL
CHANNEL
CHANNEL

WN -

CHANNEL
CHANNEL

N -

FREQUENCY

RF ATTENUATOR
RF ATTENUATOR
RF ATTENUATOR

MEMORY ADDRESS
MEMORY ADDRESS



24. TRAN_3_CONTRL OXEF806000 CHANNEL 3 MEMORY ADDRESS

25. DPSK_1 CONTRL OXEF830000 CHANNEL 1 DPSK ADDRESS
26. DPSK 2 CONTRL OXEF831000 CHANNEL 2 DPSK ADDRESS
27. DPSK_3 _CONTRL OXEF832000 CHANNEL 3 DPSK ADDRESS
t he remainder. This value is used to analyze the remaining

menory | ocati ons.

Each 16 hardware addresses will be exercised using the fixed data
array. The first 16 addresses are |loaded with the contents of
the first 16 elenments of the fixed data array. The contents of

menory are checked. The next 15 iterations, the nenory is
reloaded with the contents of the fixed data, offset by the
current iterations nunber (figure 2). After conpletion of this
cycle the sane nenory locations are tested using the [next 16
fi xed data |ocations (16-31). This will continue untill all of
the 256 data points in the fixed data array have been used. The
function will increment the hardware nenory address to |16 - 31

and start the process again fromthe fixed data array address O -
15. By rotating the data and verifying 16 addresses, the data

and address paths for the nenory locations will be checked for
validity.

Hardware Addresses Fixed Data Addresses

First Pass (0-15) (0-15)

Second Pass (0-15) (1-15,0)

Third Pass (0A15) (2-15,0,1)

Fifteenth Pass (0-15) (15, 0-14)

Si xteenth Pass (0-15) (16-31)

............. (0-15) (240- 255)

FIGURE 2. MEMORY TEST DATA AND ADDRESSES

RUNNI NG OF THE MEMORY DI AGNOSTI C TESTS. The user enters nenotest
<CR>. This loads the nenory diagnostic routine. The term na
di splays page 1 of the list of tests (figure 3).

RUN STATUS / CONTRCL MEMORY TEST
RUN TRANSM T CONTROL 1 MEMORY TEST
RUN TRANSM T CONTROL 2 MEMORY TEST
RUN TRANSM T CONTROL 3 MEMORY TEST
RUN DPSK 1 CONTRCL MEMORY TEST
RUN DPSK 2 CONTRCL MEMORY TEST
RUN DPSK 3 CONTROL MEMORY TEST




RUN EXPECTED MCDE S | D MEMORY TEST

RUN RAW DATA MEMORY TEST
RUN DECCDED DATA MEMORY TEST
RUN SNAPSHOT DATA MEMORY TEST
RUN SPARES MEMORY TEST
RUN **** ENTI RE **** MEMORY TEST

* k k% <F5> TO EXIT * k k%

FIGURE 3. MEMORY DI AGNOSTI C MENU PACE 1

By using the up and down arrow keys the user scrolls to any
sel ection on the screen. The sel ection executed is in bold print.
By pressing <CR> this executes the selection. If page 2 is
desired, Run Status/Control Menory Test (selection is in bold
print). Pressing <CR>, the termnal displays a new list of tests
(figure 4).

RUN HARDWARE CONTROL MEMORY TEST
RUN RF 1/ O CONTROL MEMORY TEST
RUN CHANNEL | FREQUENCY MEMORY TEST
RUN CHANNEL 2 FREQUENCY MEMORY TEST
RUN CHANNEL 3 FREQUENCY MEMORY TEST
RUN LOCAL OSC FREQUENCY MEMORY TEST
RUN CHANNEL 1 RF ATTEN. MEMORY TEST
RUN CHANNEL 2 RF ATTEN. MEMORY TEST
RUN CHANNEL 3 RF ATTEN. MEMORY TEST
RUN ****ENTI RE**** NMEMORY TEST
* k% <F5> TO EXIT * k k%

FIGURE 4. MEMORY DI AGNOSTI C MENU PACGE 2

Wen the user wants to either return to page | or exit the
routine, <F5> key will performthis function. The user can only
exit from the nenory diagnostic routine from page |. When a

particul ar selection is selected, the screen area to the right of
the sel ection displays Test in Progress (figure 5).

This indicates the particular operation is in progress. Wen the
routine has conpleted its nmenory check and no errors have been
detected, the pass condition is displayed to the right of the
selection (figure 5). |If errors are encountered, then the failed
condition is displayed with the amount of errors (figure 5). The
user will use the entire selection on page | and 2 when running a
conprehensive nenory tests. When the tests are conpleted,
pressing <F5> key will exit the routine.

TROUBLESHOOTI NG TECHNI QUES. The operation of the nenory
di agnostic results in two possible outconmes. Either the nenory's

10




address/data is incorrect or the diagnostic programaborts due to
a nenory access error. Let us examne the |least extrene
condition first. By exam ning the data stored during a particul ar
test, the user is able to determne the nenory |ocation error
There are a lot of conbinations that exist when errors are
encount er ed. For discussion purposes, an exanple error is
provi ded.

Li st ntst.dmddyy.aa <CR>, displays on the termnal the nenory
test results. Enter CGrl S to stop the scrolling; pressing any
other key starts the scrolling again. If no errors exist, the
data file will be as shown in figure 6.

RUN STATUS / CONTRCL
RUN TRANSM T CONTROL 1 MEMORY TEST TEST | N PROCGRESS
RUN TRANSM T CONTROL 2
RUN TRANSM T CONTROL 3
RUN DPSK 1 CONTRCL

RUN DPSK 2 CONTRCL

RUN DPSK 3 CONTRCL

RUN EXPECTED MODE S I D
RUN RAW DATA

RUN DECODED DATA

RUN SNAPSHOT DATA

RUN SPARES

RUN * k k% EN'I'I RE * k k%

* k k% <F5> TO EXIT * k* k%

a. After Sel ection

RUN STATUS / CONTRCL
RUN TRANSM T CONTROL 1 MEMORY TEST PASSED
RUN TRANSM T CONTROL 2
RUN TRANSM T CONTROL 3
RUN DPSK 1 CONTRCL

RUN DPSK 2 CONTRCL

RUN DPSK 3 CONTRCL

RUN EXPECTED MODE S I D
RUN RAW DATA

RUN DECODED DATA

RUN SNAPSHOT DATA

RUN SPARES

RUN * k k% EN'I'I RE * k k%

* k k% <F5> TO EXIT * k k%

b. After Successful Conpletion

RUN STATUS / CONTRCL
RUN TRANSM T CONTROL 1 MEMORY TEST FAI LED XX # OF LOCATI ONS

11




RUN TRANSM T CONTROL 2
RUN TRANSM T CONTRCL 3

RUN DPSK 1 CONTROL
RUN DPSK 2 CONTROL
RUN DPSK 3 CONTROL
EXPECTED MCDE S I D
RUN RAW DATA

RUN DECODED DATA

RUN SNAPSHOT DATA
RUN SPARES

RUN * k k% EN'I'I RE * k k%
****<F5> TO EXI T * k k%

c. After Failures

FIGURE 5. MEMORY DI AGNOSTI C MENU DI SPLAY

TRAN_1_CONTRL NO ERRORS WERE DETECTED
TRAN_2_CONTRL NO ERRORS WERE DETECTED
TRAN_3_CONTRL NO ERRORS WERE DETECTED
DPSK_| _ CONTRL NO ERRORS WERE DETECTED
DPSK_2_CONTRL NO ERRORS WERE DETECTED
DPSK_3_CONTRL NO ERRORS WERE DETECTED
MODE S ID NO ERRORS WERE DETECTED
RAW DATA NO ERRORS WERE DETECTED
DECODED DATA NO ERRORS WERE DETECTED
SNAP_DATA NO ERRORS WERE DETECTED
| NTERR_CONTRL NO ERRORS WERE DETECTED
TRANS_CONTRL NO ERRORS WERE DETECTED
EXT_OUT_CONT NO ERRORS WERE DETECTED
RAW CONTROL NO ERRORS WERE DETECTED

DECON NO ERRORS WERE DETECTED

DECON2 NO ERRORS WERE DETECTED

DECON3 NO ERRORS WERE DETECTED

DECON4 NO ERRORS WERE DETECTED

DECONS NO ERRORS WERE DETECTED
RF_CONTRL NO ERRORS WERE DETECTED
FREQ 1 CHANN NO ERRORS WERE DETECTED
FREQ 2 CHANN NO ERRORS WERE DETECTED
FREQ 3_CHANN NO ERRORS WERE DETECTED
LOC_OSC_FREQ NO ERRORS WERE DETECTED
RF | CHANNEL NO ERRORS WERE DETECTED
RF_2_ CHANNEL NO ERRORS WERE DETECTED
RF 3_CHANNEL NO ERRORS WERE DETECTED

a. Wth No Errors

TI ME ERROR #  ADDRESS FI XED DATA HARDWARE DATA

12




08: 00: 00
08: 00: 00

08: 00: 00
08: 00: 00

A WNE

EF802000
EF802000

EF802000
EF802000

0X00030003
0X00050005

0X00090009
Ox00011011

0X00030002
0X00030004

0OX00090008
0Ox00110010

b. Wth Errors

FIGURE 6. MEMORY TEST DATA FI LE

13




Now | et us examne a hardware board failure uncovered from the
menory di agnhosti cs. The user examnes the Transmtter Nunber 1
card, which has a starting address of Hexadeci mal EF802000. When
errors are encountered, the data file displayed is as shown in
figure 6. The pattern generated is Hexadeciml, 03, 05, 06, 09,
GA, 0C, 11, etc. As the user can see, by analyzing the data, the
| east significant bit, bit 0, is tied low (always a zero).
Because the least significant bit (LSB) was always 0O, it passed
on the 06 and OA data points. The user has now found a potentia
wiring problemwith Transmtter Board Nunber 1.

The wuser uses a routine called CHK to exam ne and debug the
menory address location in error. CHK can exercise one nenory
| ocation or a nunber of l|ocations, with any data conbination the
user desires (figure 7).

ENTER ADDRESS <->dec , <=> inc

ENTER DATA/ (*WRI TE/ READ READ*)

READS THE DATA FROM LAST ADDRESS ENTERED ( ANY KEY TO EXIT)
VWRI TES THE DATA FROM LAST ADDRESS ENTERED ( ANY KEY TO EXIT)
READS THE DATA FROM LAST ADDRESS ENTERED( 10, 000 TI MES)

WRI TES THE DATA FROM LAST ADDRESS ENTERED( 10, 000 TI MES)
READS/ WRI TES DATA FROM 0 THROUGH 600, 000 ( ONE ADDRESS)
READS/ WRI TES FROM 0 - 600, 000 FOR A NUMBER OF LOCATI ONS

SH FT 1 BIT TO THE LEFT (all zeros & 1 bit set) (100 TI MES)
SH FT 1 BIT TO THE LEFT (all ones & 1 zero) (100 TI MES)
ENTER NEW BI TS TO MASK OUT | N HEXADECI MAL

****<F5> TO EXIT * k k%

FIGURE 7. CHK ROUTINE'S MENU

The CHK routine nenu is simlar to the nenory test nenu. The up
and down arrow keys are used to scroll to a particular question
and the <CR> key is used to execute the function. The <F5> key
exits the routine. To enter the address in error, use the arrow
keys to select Enter Address and press <CR>. The term nal
di spl ays enter address in the lower |eft hand corner. (Make sure
the CAP |ock key is on). Enter the address OEF802000 where the
error has occurred (Hexadeci mal characters) and press <CR>.
After eight characters are entered, there is an inplied <CR>. If
a mstake is nmde, a backspace or Delete key corrects one
character at a tine. Enter DATA and press <CR>. Enter the DATA
is displayed. Enter the desired data (FFFFFFFF) and the routine
wites the data to the address EF802000. The program reads back
the address Data three times and displays the data on the
term nal

In the exanple the data read back would be FFFFFFFE, verifying

the problem to be the least significant bit. Then the user
selects the program that will wite the address an infinite
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nunber of times wth the same data and verifies wusing an
oscill oscope, the least significant bit is the problem After
the faulty conponent is replaced, the card is retested using the
sane diagnostic procedure. In the case where the nenory tests
aborts the system a nore serious error condition exist on the
card that may invol ve handshaki ng signal s.

HARDWARE DI AGNOSTI CS

The hardware diagnostic routine consists of many functions. The
di agnostic hardware load file is called hwest.|o. The command
file which links the object files is called hwtest.cf.

During the actual testing of the hardware system many waveforns
are loaded into Transmtter #1 or Transmtter #2 for the |oop
back testing to occur. The file called cardparmh contains four
predet erm ned wavef or is. These waveforns are generated through
Transmtters #1 and #2 and |ooped back to a particular area to
fully exam ne the hardware logic. Figure 8 gives the path of the
| oop back testing.

The normal path is through Transmtters #1 and #2 which are set
up to transmt a pulse train through the RF unit. An externa
unit detects this signal and transmts a reply. The reply is
received through the RF unit. The reply is detected and sent to
t he anal og board, the raw data board, Decoder #1, and finally to
the Decoder #2 board. In the diagnostic |oop back nobde, each
board i s exam ned i ndependently or as a partial group of boards.

The hardware diagnostic package is used to check-out the DATAS
hardware for all types of interrogations, interrupt control, and
different pulse repetition frequencies using the system clock or
t he hardware cl ock. When programmng the system to transmt a
pul se train, the programer nust adhere to the DATAS transmtter
setup structure (lead edge, trail edge, pam reply w ndow, etc.).

DATAS TRANSM TTER SETUP PARAMETERS.

The transmtter is configured by selection of six paraneters that
are controlled as foll ows:

1. Function Field
a. DELAY 0
b. LEAD EDGE 1
c. TRAIL_EDGE 2
d. JUWP 3
e. SPARES 4-7
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TRANSMITTER # 1 TRANSMITTER # 2

!

EXTERNAL CONTROL p—m——@

TO RF
1 UNIT
DIAGNOSTIC PATH
[
- ® ®
>— FRS,\‘}’I'TRF ANALOG CARD RAW DATA CARD
From | o
Antenna
or Bench
Test l
DEGCODER # 1 CARD DECODER # 2 CARD

FIGURE 8. DATAS HARDWARE BLOCK DIAGRAM
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2. Time Field

a. 16 bits (2 16th power = 65536)
b. Maxi mum del ay (~25.00 ns tinme 65536 = 1.6384 ns)

3. At t enuat or Sel ect
a. Ei ght uni que attenuator sel ections
4. Channel Sel ect

5. Action Field

NOTHI NG
PAM
REPLY_ W ND
MODE_S BLK
END
SAVPLE_W ND
SPARES

@™m0 oTe
CUBRWN O

6. Transmt Field

NO_ACTI ON
REFERENCE

| NTERRUPT

| NC_MODE_S_ADD
| NTER_STATUS
RESTART MODE_S

TPa0oTe
OBRWNRO

The progranmer generates a Mbde A interrogation pulse train using

thf_iifnsnLL_ﬁontrol structure descrﬁbed_aﬁfzf;___
CHANNEL 1
19TﬁE—TB—ﬁE—————————r____;. 5 —S3—+s—CHANNEL 2

N

12.0 ns .8 s

12.1
Functi on Time | Attenuator Channel Acti on Transm t
LE 10.0 1 1 PAM No Action
TE 0.8 1 1 PAM No Action
LE 7.2 1 1 PAM No Action
LE 0.8 1 1 PAM No Action
DELAY 0.1 1 END No Action
LE 12.0 1 2 PAM No Action
TE 0.8 1 2 PAM No Action
DELAY 0.1 1 2 END No Action
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After an interrogation is formed, the functions below take
control to convert the structure into the DATAS bit stream

CEN_ACTI ON - This function perfornms the task of setting
up the control paraneters; PAM REPLY
W NDOW END, etc.

CEN_PULSE - This function perfornms the task of setting
up the pul se paraneters; DELAY, LEAD EDGE
TRAI L EDGE

CHK_CHANNEL - This function perfornms the task of

counting the nunber of pulses that are
generated on each channel. A channel
value of O is used to signify the end of
an interrogation structure.

CEN_TI ME - This function perfornms the task of setting
up the spacing between wavef orm functi ons.

CEN_ATTN - This function perfornms the task of setting
up the attenuator controls.

CEN_TRANS - This function perfornms the task of setting
up the TRANSM T FI ELD, | NTERRUPTS,
REFERENCE, etc.

I NI TI AL CONDI Tl ONS. Before any nenory loading is achieved, al
transmtting channels nust be turned off. The procedure is as
fol |l ows:

| NTERR_CONTR  OXEF800000

OxO0L; | NTERRUPT CONTROL WORD
Turn off all interrupts

0x000000; TRANSM TTER CONTRCL

0x202020; STOP ALL 3 CHANNELS

TRANS_CONTRL OXEF800004
TRANS_CONTRL OXEF800004

For the initial load, two control words are witten to the
transmtter control address. The reason being is the value of
the |l atches are not determ ned on power up. The hardware needs a
high to low or low to high transition to give a |ead edge. | f
the bit is in a high state and the user wites a 1 to the
| at ches, the |ead edge never occurs, causing the channels to be
in afree state.

START PROCEDURE. To start any channel the procedure will be as
fol | ows:
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TRANS_CONTRL OXEF800004 0x000000; TRANSM TTER CONTROL

TRANS CONTRL OXEF800004 0x010101; START ALL 3 CHANNELS
bits 0 - 7 channel 1
bits 8 - 15 channel 2
bits 16 - 23 channel 3
STOP PROCEDURE. To stop any channel the procedure wll be as
foll ows:

TRANS_CONTRL OXEF800004 = 0x202020; STOP ALL 3 CHANNELS

bits O - 7 channel 1
bits 8 - 15 channel 2
bits 16 - 23 channel 3

| NTERRUPT PROCEDURE. To have interrupts enabled, two initial
conditions are required. Al eight software interrupt vectors
must be set and the interrupt control word programmed correctly.
The software interrupt handler program is called 300.exec and

handl es eight interrupt vectors from the DATAS hardware. The
address at this tinme is OX2FFBOO and is byte addressable.
Setting address 2FFBOO - 2FFB0O8 to a value of OXOl1l corresponds

to no interrupts occurred. Setting the interrupt control word to
a 1 enables all interrupts.

OX2FFB0O0 - OX2FFB08 = OX01;
OXEF800000 = OXOLL; | NTERRUPT CONTROLWORD ( enabl e
i nterrupts)
CHECK FOR | NTERRUPTS. To check for interrupts that occurred
follow this procedure:

CHANNEL # 1 | NTERRUPT FLAG ADDRESS = 2FFBO0O;
CHANNEL # 2 | NTERRUPT FLAG ADDRESS = 2FFBO1;
SET I NTERRUPT # 1 FLAG TO A ONE 2FFBO0 = OX01,

Check for interrupt. |If the flag is equal to zero, an interrupt
vect or from DATAS occurred.

VWH LE (INTERRUPT # 1 FLAG! = 0)
RESET | NTERRUPT # 1 FLAG TO A ONE 2FFB0O0 = OX01;
AND WAI' T FOR ANOTHER | NTERRUPT.

EXAMPLE PROCEDURE I N "C":

FOR
CHAR *| NTERRUPT_VECTOR | = OX01;
CHAR *| NTERRUPT_VECTOR 2 = OX01;
LONG *TRANS_CONTRL = OXOOL; /*have hardware in correct

start state */
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LONG *TRANS_CONTRL = 0OX2001L; /| *start channel #l and
make sure channel 2 is off
(I NTERRUPT_VECTOR 1 !'= 0) [*CHECK TO SEE | F
| NTERRUPT OCCURRED
*/

DI AGNOSTI C LOOP- BACK PATH SETUPS.

ANALOG BOARD CONTROL. The user selects the analog card fromthe
menu. The raw data card is set up to give the tine from | ead
edge to |l ead edge of every pulse; the diagnostic input path is
t hrough the analog card (figure 10). All values preceded with an

0X are Hexadeci mal values; all values wth OXEF8XXXXX are
har dwar e addresses in the DATAS system
OXEF80000C = 0X44000;

BITS 14 - 16 TIM NG REF. FOR PULSE POSI TI ON

0 = LE OF REPLY W NDOW
1 = LE OF LAST PULSE
2 = REF. TI'M NG CHANNEL

4 - 7 = SPARES

BIT 17 RAW DATA BOARD (DI AGNOSTI C MODE)
BIT 18 ANALOG BOARD ( DI AGNOSTI C MODE)
BIT 19 Dl SABLE DYNAM C THRESHOLD

To program the analog card to select the diagnostic node, bit 18
is set and the external output control word is programred to
determ ne the type of input the card sel ects.

OXEF80000C = 0X44000; SET UP DI AGNOSTI C MODE
EXTERNAL OUTPUT JACKS. There are four external output |jacks

programmed from 16 different possibilities. Ext ernal output #1
is the signal used for the | oop-back diagnostics.

EXT_OUT_CONT OXEF800008 EXTERNAL OQUTPUT JACKS
BITSO - 3 EXTERNAL OUT #
BITS 4 - 7 EXTERNAL QUT # 2
BITS 8 - 11 EXTERNAL OQUT # 3
BITS 12 - 15 EXTERNAL OQUT # 4
OXEF800008 = 0X00004; SET UP FOR PAM # 1

*ONLY USE BITS O - 3 IN THE DI AGNOSTI C MCDE. *

The 16 different selections are defined as foll ows:
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REPLY W NDOW =0
TIM NG REFERENCE CHANNEL # 1 =1
TI M NG REFERENCE CHANNEL # 2 = 2
TIM NG REFERENCE CHANNEL # 3 = 3
PAM CHANNEL # 1 = 4
PAM CHANNEL # 2 =5
PAM CHANNEL # 3 =6
DECODE # 1 =7
DECODE # 2 =8
DECODE # 3 =9
DECODE # 4 = 10
DECODE # 5 =
DECODE # 6 = 12
DECODE # 7 = 13
DECODE # 8 = 14
SPARES = 15
RAW DATA CONTROL. The user selects the raw data card from the
nmenu.
OXEF80000C = 0X04000;
BITS 14 - 16 TIM NG REF. FOR PULSE PGCsI TI ON
0 = LE OF REPLY W NDOW
1 = LE OF LAST PULSE
2 = REF. TI' M NG CHANNEL
4 - 7 = SPARES
BIT 17 RAW DATA BOARD (DIAGNOSTIC MODE)
BIT 18 ANAL OG BOARD ( DI AGNOSTI C MODE)
BIT 19 DI SABLE DYNAM C THRESHOLD

To program the raw data card to select the diagnostic node, bit
17 is set and the external output control word is programed to
determ ne the type of input the card sel ects.

OXEF80000C = 0X24000; SET UP DIAG MODE WTH REF. TIME
OXEF800008 = 0X00004; SET UP FOR PAM # 1
ONLY USE BITS 0 - 3 IN THE DI AGNOSTI C MODE.

DECODER TAP CONTRCLS. The decoder tap control gives total
flexibility to the user for determning the type of replies
recei ved. There are a total of five decoder taps and each are
sof t war e programabl e.

DECON 1  OXEF800010 DECODER TAP CONTROL
DECON 2 OXEF800014 DECODER TAP CONTROL

& TOLERANCE )
DECON3 ~ OXEF800018 DECODER TAP 1 - 4 SETAUP
DECONA  OXEF80001C DECODER TAP 5 - 8 SETAUP
DECONS  OXEF800020 DECODER STORAGE CONTROL
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DECONI BITS O 7 TAP DECCDER #
DECONI BITS 8 - 15 TAP DECCDER #
DECONI BITS 16 23 TAP DECCDER #
#
#

DECONI BI TS 24 31 TAP DECCDER
DECON2 BITS 8 - 15 TAP DECCDER

GhWNE

The time increnment for the decoder taps is 100 ns, and each
decoder tap is added to the previous tine field to yield the
total decoder tap tine. For exanple:

TAP DECCDER # 1 = 2.0nms (| F ENABLED DECLARES BRACKET 2. 0ns)
TAP DECCDER # 2 = 8.0nms (| F ENABLED DECLARES BRACKET 8. 0ns)
TAP DECCDER # 3 = 10.0ns (I F ENABLED DECLARES BRACKET 10. Ons)
TAP DECCDER # 4 = 12.0ns (| F ENABLED DECLARES BRACKET 12. 0ns)
TAP DECCDER # 5 20.3ns (I F ENABLED DECLARES BRACXET 20. 3ns)

FORMULA = 102 HEX - (TIME / 100 (ns) ) A previous tinmes
2.0ns / 100ns = 20 cl ocks

102 HEX - ( 2.0ms / 100ns) - O CLOCKS = ED HEX 20 CLOCKS
102 HEX - ( 8.0ms / 100ns) - 20 CLOCKS = C5 HEX 60 CLOCKS
102 HEX - (10.0ms / 100ns) - 80 CLOCKS = ED HEX 20 CLOCKS
102 HEX - (12.0ms / 100ns) - 100 CLOCKS = ED HEX 20 CLOCKS
102 HEX - (20.3ms / 100ns) - 120 CLOCKS = AE HEX 83 CLOCKS
TOTAL TIME 203 CLOCKS
20.3m8 FOR TAP DECODER #5
OXEF800010 = OXEDEDCSED
OXEF800014 = OXOOOOAEQO

SET- UP DECODE TOLERANCE. The decode tolerance tine is a value in
100 ns steps, which is added and subtracted to the decoder taps.
This val ue enables the user to tighten or open the tol erance

w ndow on the decoder taps. For exanple:

TOLERANCE TIME (100 ns ) = 101 HEX - RESOLUTION (100 ns)

200 ns TIME TOLERANCE: 101 HEX - (200/100 ns) = FE HEX
OXEF800014 = OXOOOOAFFF

SET- UP DECODE CONTROL. Once the decoder tap control values are
determ ned, the user selects the decoder tap to enable. The user
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sel ects one of five values fromthe decoder taps and can enable
any conbi nation of decoders (1 to 8). For exanple:

DECONS
BITS O - 7 DECODER # 1 CONTROL
bit 0 - TAP # 1 ENABLED FROM THE TAP DECODER

bit 1 - TAP # 2 ENABLED FROM THE TAP DECCODER
bit 2 - TAP # 3 ENABLED FROM THE TAP DECCDER
bit 3 - TAP # 4 ENABLED FROM THE TAP DECCDER
bit 4 - TAP # 5 ENABLED FROM THE TAP DECODER
bits 5 - 7 SPARES

BI TS 8 - 15 DECODER # 2 CONTROL

BI TS 16 - 23 DECODER # 3 CONTROL

BI TS 24 - 31 DECODER # 4 CONTROL

DECON4

BI TS 0-7 DECODER # 5 CONTROL

BI TS 8 - 15 DECODER # 6 CONTROL

BI TS 16 - 23 DECODER # 7 CONTROL

BITS 24 - 31DECODER # 8 CONTROL

SELECT DECODER #1 FOR DI AGNOSTI C | NPUT.

DECON4 BIT 31 ENABLE DI AGNOSTI C VI DEO TO DECCDER # 1

DECODER STORAGE CONTROL. Certain paraneters are stored in nmenory
for analysis when a bracket is declared. Sel ecting the type of
data to be stored in nenory are |isted bel ow

DECONS OXEF800020 DECODER STORAGE CONTROL

BITS 0 - 2 TI ME REFERENCE FOR RANGE COUNTER
0 - LE OF REPLY W NDOW
1 - LAST DECCDE TI ME
2 - TIM NG REFERENCE ( CHANNEL # 1 )
3 - 7 SPARES

BIT 3 I NHI BI T ATCRBS DECODE DURI NG MODE S
BIT 4 I NH BIT MODE S. DECODE DURI NG ATCRBS
BITS5 SPARE

BIT 6 SPARE

BIT 7 SPARE

BIT 8 STORE DECODE # 1 TIME OF ARRI VAL (TOA)
BITO STORE DECODE # 3 TIME OF ARRI VAL (TOA)
BIT 11 STORE DECODE # 4 TIME OF ARRI VAL (TOA)
BIT 12 STORE DECODE # 5 TI ME OF ARRI VAL (TOA)
BIT 13 STORE DECODE # 6 TI ME OF ARRI VAL (TOA)
BIT 14 STORE DECODE # 7 TIME OF ARRI VAL (TOA)
BIT 15 STORE DECODE # 8 TIME OF ARRI VAL (TOA)
BIT 16 STORE CODE DATA FOR DECODE # 1

BIT 17 STORE CODE DATA FOR DECODE # 2

BIT 18 STORE CODE DATA FOR DECODE # 3
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BIT 19 STORE CODE DATA FOR DECODE # 4
BIT 20 STORE CODE DATA FOR DECODE # 5
BIT 21 STORE CODE DATA FOR DECODE # 6
BIT 22 STORE CODE DATA FOR DECODE # 7
BIT 23 STORE CODE DATA FOR DECODE # 8
BIT 24 ENABLE DI AGNOSTI C VI DEO TO DECCDER # 2
BITS 25 - 27 DI AGNOSTI C DECCDE | NPUT SELECT

0 - DECODER # 1

1 - DECODER # 2

2 - DECODER # 3

3 - DECODER # 4

4 - DECCDER # 5

5 - DECCDER # 6

6 - DECODER # 7

7 - DECODER # 8

BITS 28 - 31 SPARES

RF SET- UP CONTROL PARANMETERS. The RF unit has three frequency
sources for transmtting and a | ocal oscillator for the receiver.
The hardware addresses are given below. To set the frequency

source to a given value, a decimal value is |oaded equal to the
frequency transmtted.

FREQ | CHANN  OXEF800200 CHANNEL 1 FREQU. OUTPUT
FREQ 2 CHANN  OXEF800300 CHANNEL 2 FREQU. OUTPUT
FREQ 3 CHANN  OXEF800400 CHANNEL 3 FREQU. OUTPUT
LOC _OSC_ FREQ  OXEF800500 LOCAL OSC. FREQUENCY

Exanpl e:

OXEF800200 = 1090000 FREQUENCY #1 = 1090 MHz

OXEF800300 = 1030000 FREQUENCY #2 = 1030 MHz

Each transmtting channel has ei ght sel ectabl e attenuator val ues.
Depending on what values are preset in the attenuators, the
result of different power |level outputs are achieved. See
Calibration File.

RF | CHANNEL OXEF800600 CHANNEL 1 RF ATTENUATOR
RF 2 CHANNEL OXEF800700 CHANNEL 2 RF ATTENUATOR
RF_3_CHANNEL OXEF800800 CHANNEL 3 RF ATTENUATOR
Exanpl es:
OXEF800600 = OXOL ALL OF THE VALUES FOR
OXEF800604 = OXOL TRANSM TTER #| ARE SET
OXEF800608 = OXOL FOR MAXI MUM POAER OUTPUT.
OXEF80060C = OXOL
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OXEF800610 = OXCL
OXEF800614 = OXCL
OXEF800618 = OXCL
OXEF80061 C = OXOL

DETAI LED HARDWARE DI AGNOSTI C ROUTI NES.

The hardwar e di agnostic package consists of many functions. This
docunent provides a detailed explanation of each function that
deals with a particular hardware board. The main routine is
called hwest. This routine does nobst of the paraneter
initialization.

In order to run the hardware diagnostic package, the user enters
hwt est <CR>. The routine reads in a calibration file and
initializes a data output file. It then initializes the system
for the interrupt handler, RF Frequencies, Transmtter #1 and #2,
and provides a nmenu on the termnal (figure 9).

Figure 8 shows the diagnostic | oop-back paths avail able. Each
hardware board is anal yzed i ndependently or in groups if selected
from the diagnostic path. Qut of the four hardware boards;
Anal og, Raw Data, Decoder #1, and Decoder #2, only two boards
have physical nmenory |ocation allotted. They are the Raw Data
and the Decoder #2 boards. Wen the user checks out the Anal og
or the Decoder #l boards, the data analyzed is routed to the Raw
Dat a and Decoder #2 boards, respectively.

RAW DATA CARD TEST ONLY
DECODER CARD # 1 TEST ONLY
DECODER CARD # 2 TEST ONLY

ANALOG CARD TEST ONLY

Dl G TAL SYSTEM TEST ONLY

R'F LOOP BACK TEST ONLY

ENTI RE DATAS SYSTEM TEST
| NTERROGATI NG FROM CHANNEL #

* k k% <F5> TO EXIT * k k%

FIGURE 9. MENU FOR THE HWEST DI AGNOSTI C ROUTI NES

The function hwtest.cc controls the display, nonitor, keyboard
entry, and calls the proper function upon user selection. |If the
user selects the Raw Data Card Test only, this routine |oads
Channel #1 wth an ATCRBS reply. See table 2 for the waveform
Pattern | oaded to produce the test ATCRBS reply.

The function called as a result of Raw Data Card Test sel ection

is CARD MENU contained in the source file CARD FUN. CC Thi s
routine sets up the Raw Data Card to select the diagnostic node
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turns off all interrupts, and stops all transmtting channels

After all of the paraneter initialization is conpleted, the test
is started. The function RAWCARD is contained in the source file
RAWCARD. CC. This function starts the transmtter selected and
runs for 25 interrupts. Correct pulse width, delay, and spacing
are checked on each interrupt. The first pulse in the ATCRBS
code pulse train is increased 25 ns and checked again for correct
spacing. This continues until the first pulse width has reached
(25 ns x 234 = 5850 ns).

When Decoder Card #l is selected, the next function that wll be
executed is CARD2_MENU, (CARD2FUN. CC). This routine sets up
Decoder #l to select the diagnostic node and initialize all of
the decoder taps to a predetermned tine value. The data
col l ection commences when t he routine CARD | _ DECODE
(DEC CARD. CC) is activated.

CARD | DECODE noves out the first pulse |loaded into Transmtter
#1 and checks if a bracket is declared in the decoder card. If a
bracket is declared, proper pulse spacing and delay are checked.
This continues for 24 ~s intervals of 100 ns.

TABLE 2. ATCRBS REPLY

LE, 200, 0, 1, REPLY_W ND, NO_ACTI ON
LE, 200, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
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TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 1000, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
LE, 3900, 1, 1, PAM NO_ACTI ON
TE, 450, 1, 1, PAM NO_ACTI ON
TE, 2000, 0, 1, REPLY WND,  NO_ACTI ON
DELAY, 30000, 0, 1, END, | NTERRUPT
PULSE TI ME ATTENUATOR CHANNEL ACTI ON TRANSM T
FI ELD SELECT TYPE TYPE
(LE, TE)  (NANO PL = 1
(DELAY) SECONDS P3 = 3 1,2,3 PAM REPLY | NTERRUPT
FIELD O - 7 W NDOW
0, 0, 0, 0, 0, 0,

When Decoder Card #2 test is selected, the next function executed
is CARD3_MENU, (CARD3FUN. CC). This function sets up Decoder #2
to select the diagnostic node. Data collection conmmences when
the CARD 2 DECODE, (DEC2CARD.CC) is activated. This routine
receives 16 pulses that are transmtted from  Transmtter #1. The
function checks for proper pulse spacing and delay. Thi s
continues until all eight selectable decoders are satisfied.

Wen the ANALOG CARD is selected, the function executed is
CARD 4 MENU, (CARDAFUN. CC). This function sets up the ANALOG
CARD to select the diagnostic node. Data collection conmmences
when the RAW CARD, (RAWCARD.CC) is activated. (See RAW CARD
expl anat i on).

When the digital systemtest is selected, the functions executed
are CARD6A MENU, (CARDGAFU.CC) and CARD6B_MENU, ( CARD6BFU. CC).
The test function CARD6A MENU sets up the system in two nbdes.
The first sets up the RAW DATA card in the diagnostic node and
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checks for proper bracket spacing (see CARD | DECODE) and reruns
the sanme test as nentioned above. The test function CARD6B_MENU
sets up the decoder cards to check for bracket code data. The
function BRK CARD, (BRKCARD.CC) is activated. This function
turns off one bit at a time in the code train and checks for
proper code dat a.

When the RF Loop Back Test is selected, the function executed is
CARD5_MENU ( CARD5FUN. CC) . This places the RF unit in the | oop-
back node and executes the function RF_CARD, (RFCARD. CC). The
function is the same as the RAWARD test sequence with two
di fferences. The two differences are frequency and anplitude
par anet ers. The function checks for proper frequency and
anplitude, and varies the anplitude at six different val ues.

The |l ast selection in the nenu is Entire DATAS System Test. This
sel ection executes all of the functions nentioned above, one at a
time.

HARDWARE DI AGNOSTI C OPERATI OV TROUBLESHOOTI NG TECHNI QUES.

Prior to running the hardware diagnostics, the DATAS nenory
should be verified by running the nenory diagnostics. I n order
to run the hardware diagnostics, the user enters Hwtest <CR> on
t he keyboard. This activates the Hardware D agnostic Package. A
menu appears on the display (figure 9). The user can select any
seven of the test options by using the up and down cursor keys.
Wien the selection is in bold print, the selection can be
executed by pressing the <CR> key. The user may checkout each
board separately, groups of boards, or the conplete system

The user runs through all of the selections one at a tinme and
w Il be shown sonme troubl eshooting techniques to hel p solve board
related problens. The user selects RAW DATA CARD TEST ONLY and
presses <CR>. TEST IN PROGRESS wi Il appear on the display
adj acent to the question (figure 10).

RAW DATA CARD TEST ONLY TEST | N PROGRESS
DECODER CARD # 1 TEST ONLY
DECODER CARD # 2 TEST ONLY
ANALOG CARD TEST ONLY
D G TAL SYSTEM TEST ONLY
R/'F LOOP BACK TEST ONLY

ENTI RE D. A. T. A'S. SYSTEM TEST
| NTERROGATI NG FROM CHANNEL #
*xxx <FB>  TO EXIT  ****

TEST RUNNI NG
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FI GURE 10. MENU FOR THE HARDWARE DI AGNOSTI C ROUTI NE ( RUNNI NG

TEST RUNNING will be displayed in the lower right hand corner.
|f the TEST I N PROGRESS appears and TEST RUNNI NG does not, then
there is a problemwith the interrupt handler routine. Press the
Break key to exit fromthe hardware diagnostic nenu. No data are
stored for analysis unless the interrupt handler is functioning
properly. There may be one of two problens causing this failure.

The first one is the |least extrenme of the two problens. The
i nterrupt handl er program was never executed. This programis in
SYS:300.... By typing USE 300 <CR>, gets the wuser into User

Nunber 300. To execute the interrupt handler routine, the user
enters EXEC <CR>. The interrupt routine is |loaded and

oper ati onal . Exit the routine and return to User Nunber 302.
USE 302 <CR> perfornms this task. Type HWEST again and go through
the sane procedure as stated above. If TEST RUNNI NG does not

appear on the screen, Transmtters #1 or #2 has a hard failure.
Repl ace one board at a tinme and run HWEST again until TEST
RUNNI NG appears on the screen. After successful conpletion of
the test, TEST IN PROGRESS is erased and a PASSED TEST is
displayed in its place. |If the card is failing, TEST RUNNING is
replaced with ERRORS ARE BEI NG STORED ON DI SK. After conpletion
of the test, TEST IN PROGRESS is replaced with FAILED TEST. The
first six options of the nenu work in the sanme mnner of
di spl ayi ng successful conpletion or failures to the screen. The
| ast option, ENTIRE DATAS SYSTEM TEST, executes the first six
options, one at a tine.

If the diagnostics all pass, the file called Data.Dmddyy. aa
contains the data stored for that particular day (figure 11).

FAI LURE CONDI Tl ONS FOR EACH CARD.

TRANSM TTER #| / RAW DATA CARDS. If the user has conpleted the
HWEST di agnosti c package and failures occurred for every board,
the user can review the data for every board. The first board
the user examnes is the RAW DATA CARD. In figure 8 (DATAS
Hardware Bl ock Diagram, Transmtter #l transmts a pulse train
to the external control logic, which then routes the signal to
t he RAW DATA CARD.

TIME = CURRENT TI ME OF TEST BEI NG EXECUTED

TI ME PASSED RAW DATA CARD I N THE PULSE TO PULSE MODE

TI ME PASSED RAW DATA CARD REFERENCED TO THE REPLY W NDOW

TI ME PASSED DECODER #| CARD REFERENCED TO THE DECODER #| CARD
TI ME PASSED DECODER #2 TEST USI NG DECODE STORACE #l

TI ME PASSED DECCDER #2 TEST USI NG DECCDE STORAGE #2

TI ME PASSED DECCDER #2 TEST USI NG DECODE STORAGE #3

TI ME PASSED DECCDER #2 TEST USI NG DECODE STORAGE #4
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TI ME PASSED DECCDER #2 TEST USI NG DECODE STORAGE #5

TI ME PASSED DECODER #2 TEST USI NG DECODE STORAGE #6

TI ME PASSED DECCDER #2 TEST USI NG DECCDE STORAGE #7

TI ME PASSED DECCDER #2 TEST USI NG DECODE STORAGE #8

TI ME PASSED ANALOG CARD I N THE PULSE TO PULSE MODE

TI ME PASSED ANALOG CARD REFERENCED TO THE REPLY W NDOW

TI ME PASSED DECODER #| CARD REFERENCED TO THE RAW CARD

TI ME PASSED DECODER #| CARD REFERENCED TO THE ANALOG CARD
TI ME PASSED DECODER #| CARD CHECKI NG BRACKET CCDE

TI ME PASSED CHANN #1 LOOP AT -20 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -20 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #1 LOOP AT -25 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -25 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #1 LOOP AT -30 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -30 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #1 LQOP AT -35 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -35 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #1 LOOP AT -40 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -40 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #1 LOOP AT -45 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #1 LOOP AT -45 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -20 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -20 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -25 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -25 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -30 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -30 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -35 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -35 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -40 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -40 (REF. TO REPLY W NDOW
TI ME PASSED CHANN #2 LOOP AT -45 (PULSE TO PULSE MODE)
TI ME PASSED CHANN #2 LOOP AT -45 (REF. TO REPLY W NDOW

I;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;UI;U
TMTTMTMTMTMTMTTMTTMTTTTTTTT T T T T T T

FI GURE 11. DATA FI LE GENERATED FOR HWEST

The first of two problens that the user m ght encounter with the
RAW DATA CARD is in the nunber of pulses detected. The data
format of the stored data file is as foll ows:

ADDRESS DATA WAS | NVALI D (OX00??)
*** DETECTED ? OUT OF ? PULSES"

If this occurs, one of three boards may have a failure.

Transmtter # mght not be transmtting the correct nunber of
pul ses. Transmtter #2 mght not be initialized to route the
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output jacks to their appropriate destination. The | ast
possibility is the RAW DATA CARD is faulty. Change each board
one at a tinme and rerun the hardware diagnostics and repl ace the
faul ty board.

Anot her problem that mght occur is incorrect pulse wdth,
spaci ng, and/or delay. As depicted in figure 12, the pulse width
read was 400 ns for the first and second pul ses. The act ual
pul se wi dth should be 450 ns +/- one clock (25 ns). The problem
board is the RAW DATA CARD. Replace the board and rerun the test
to obtain successful results.

The data format that stored in the data file is shown in figure
12.

W DTH SPACI NG #
TIME (READ) (ACTUAL) (READ) (ACTUAL) PULSES MODE PULSE #
08:00 400 450 1450 1450 16 1 0
08:00 400 450 1450 1450 16

08:01 FAILED ** RAWDATA CARD IN THE PULSE TO PULSE MODE

FI GURE 12. FAI LURES I N THE RAW DATA CARD

ANALOG CARD. After detailed analysis of the RAW DATA CARD, the
user exam nes the ANALOG CARD, since both the ANALOG and RAW DATA
CARDS are interrel ated. If the RAW DATA CARD or Transmtter #l
was faulty and replaced, ignore all of the data stored for the
ANALOG CARD. As shown in figure 8, the diagnostic signal is
routed to the ANALOG CARD, then to the RAW DATA CARD for data
anal ysis. Renenber, the ANALOG CARD has no nenory allocation on
the board, therefore, it wuses the RAW DATA CARD nenory to
validate proper pulse wdth, spacing, and delay. Rerun the
ANALOG CARD TEST. This card can give you problens if the ANALOG
CARD is not aligned properly. (See alignnment procedure for the
ANALOG CARD.) If the ANALOG CARD is aligned correctly and still
fails (see figure 13), replace the analog board and rerun the
test.

| W DTH SPACI NG #
TIME (READ) (ACTUAL) (READ) (ACTUAL) PULSES MODE PULSE #
8:00 400 450 1450 1450 16 1 0
8:00 400 450 1450 1450 16 1 1

8:01 FAILED ** ANALOG CARD IN THE PULSE TO PULSE MODE
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FI GURE 13. FAILURE IN THE ANALOG CARD

DECODER #2 BOARD. Figure 8 shows that Transmitter #l transmts a
known signal through the diagnostic path to the Decoder #2 board.
By scrolling to the Decoder #2 card test and pressing the <CR>
key, the diagnostic testing for this board starts. This routine
gets an input pulse string from Transmtter #1 (figure 14) and
checks for correct pul se spacing and del ay.

After the <CR> key is pressed, TEST IN PROGRESS is displayed to
the right of the selection and TEST RUNNING is displayed in the
| ower right hand corner. The function runs for 10 interrupts and
checks for correct pul se spacing and delay, then it noves out the
second to sixteenth pulses, 100 ns and runs again. Thi s

continues for 3,000 iterations, or 300 ns. After that test is
conpleted, the function runs again for the other seven possible
decode types. This runs for 10 interrupts and only noves out the

second to sixteenth pulse, 200 iterations or 20 ns. The TEST
RUNNI NG f | ashes seven tinmes, showing that the routine is cycling
t hrough the test sequence. |f the passed criteria is nmet, the

term nal displays PASSED TEST to the right of the selection and
the data stored in the file is shown in figure 15.

If errors are being encountered, the nessage ERRORS ARE BEI NG
STORED ON DISK is displayed on the terminal in the lower right
hand corner. There are three possibilities that can exist if the
card is faulty. The first possibility is the nunber of decodes
detected is not equal to the nunber of pulses transmtted by
Transmtter # (figure 16).

The second possibility is the nunber of time of arrivals
(READ#DEC) detected is not equal to the nunber of pulses (figure
16) .

The last possibility is the tinme of arrival times for each pul se
are not equal to the pulse string tinmes transmtted. See figure
6.

DECODER #1 BOARD. Figure 8 shows that Transmitter #l transmts a
known signal through the diagnostic path to the Decoder #l Board.
By pressing the <CR> key the Decoder #l card diagnostic is
sel ected and starts execution. The diagnostic checks to see if a

bracket is declared. A bracket is tw pul ses spaced 20.3 ns. The
routine |loads a pattern of two pul ses spaced 0.9 ns apart (figure

17).

LE, 200, 0, 1, REPLY WND, NO _ACTI ON
LE, 200, 1, 1, PAM NO_ACTI ON
TE, 200, 1, 1, PAM NO_ACTI ON
LE, 1250, 1, 1, PAM NO_ACTI ON
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TE, 200,

LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 1250,
TE, 200,
LE, 4150,
TE, 200,
LE, 2000,
DELAY, 30000,
0, 0,
PULSE TI ME

(LE, TE) ( NANO
( DELAY) SECONDS

PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM )
REPLY W ND, NO A
END, T NTERRUPT

0,

33333335555 5555555555555588583
sfefelelelelelelelefafafafofololololo}sfsfsfsfsfs]sfsfs]sis
000002292209922922222229922999

OO0OO0ORRRRRRRPRRRPRRRPRRPRRPRPRRPRPRPRPRRPRPRRRRERRERRRRRR
ORRRRRRPRPRRPRRRPRRPRRPRRPRRPRPRPRPRPRPRRPRRPRRRRRRRRRR

o

ATTENUATOR CHANNEL ACTI ON TRANSM T
FI ELD SELECT TYPE TYPE

Pl =1

P3 =3 1, 2,3 PAM REPLY | NTERRUPT
FIELD O - 7 W NDOW REFERENCE

FI GURE 14.

PREDETERM NED PULSE STRI NG TO ANALYZE
DECODER #2 CARD
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(TI ME) PASSED DECODER #2 TEST USI NG DECODE STORAGE #l
(TI MVE) PASSED DECODER #2 TEST USI NG DECODE STORAGE #2
(TI ME) PASSED DECODER #2 TEST USI NG DECCODE STORAGE #3
(TI MVE) PASSED DECODER #2 TEST USI NG DECCODE STORAGE #4
(TI ME) PASSED DECODER #2 TEST USI NG DECODE STORAGE #5
(TI MVE) PASSED DECODER #2 TEST USI NG DECCODE STORAGE #6
(TI ME) PASSED DECODER #2 TEST USI NG DECODE STORAGE #7
(TI MVE) PASSED DECODER #2 TEST USI NG DECCODE STORAGE #8
FI GURE 15. FILE STORAGE FOR DECCDER #2
(TIME) COUNTED # DEC=15 READ # DEC=16 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=15 READ # DEC=16 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=15 READ # DEC=16 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=15 READ # DEC=16 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=15 READ # DEC=16 # PULSES=16 FLAG AD=0
a. Nunber of Decodes Invalid
(TIME) COUNTED # DEC=16 READ # DEC=15 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=16 READ # DEC=15 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=16 READ # DEC=15 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=16 READ # DEC=15 # PULSES=16 FLAG AD=0
(TIME) COUNTED # DEC=16 READ # DEC=15 # PULSES=16 FLAG AD=0
b. Nunber of Tine Arrivals Invalid
TI ME PULSE #DECODES #ADDR OVERFLOW ADDR SW HW
( HEX) (TI ME) (TI ME)
8:00 1 16 16 0 EF824028 1400 1650
8:00 2 16 16 0 EF82402C 2900 3100
8:00 3 16 16 0 EF824030 4300 4550
c. Time of Arrival Tine Invalid
FI GURE 16. ERROR STRI NG FOR DECCDER #2
LE, 200, 0, 1, REPLY, W ND NO_ACTI ON
LE, 200, 1, 1, PAM NO_ACTI ON
TE, 200, 1, 1, PAM NO_ACTI ON
LE, 700, 1, 1, PAM NO_ACTI ON
TE, 200, 1, 1, PAM NO_ACTI ON
TE, 1000, 0, 1, REPLY_W ND, NO_ACTI ON
DELAY, 30000, 0, 1, END, | NTERRUPT
0, 0 0 0, O, 0,
FI GURE 17. PREDETERM NED PULSE STRI NG TO ANALYZE




DECODER #1 CARD

TEST IN PROGRESS is displayed next to the selection TEST RUNNI NG
is displayed in the lower right hand corner of the screen. This
routine runs 100 iterations verifying pulse spacing of a

generated pulse train starting at a spacing of .9 ns. It then
increases the spacing 100ns and runs the test again. Thi s
continues for 240 iterations. When conpl eted, two conditions
can occur. | f the passed criteria is net,

TI ME - PASSED DECODER #| CARD REFERENCED TO THE DECODER #|l CARD

is stored in the data file and PASSED TEST is displayed to the
right of the selection. If the failed condition is displayed,
FAI LED TEST, the data file stores the errors encountered and the
nmessage

TIME ** FAILED ** DECCDER #| CARD REFERENCED TO THE DECODER #l
CARD.

The user lists the errors on the termnal to analyze the problem
Two error conditions can occur. One condition is the Decoder #1
card declared no brackets (figure 18).

TI ME #DECODES=? BRK WND=? LOOP# ?QUT OF ? FLAG AD-?

08: 00 #DECODES=0 BRK WND=.9 LOOP# 1 OQUT OF 100 FLAG AD

FI GURE 18. ERROR STRI NG FOR DECCDER #1
( BRACKETS NOT DECCODED)

The user sees the nunber of decodes is equal to zero. The user
has determned from previous tests, Transmtter #1, Raw Data,
Decoder #2 and the Analog cards passed for validity. Transmtter
#1 and Decoder #2 were already verified to be in working
condition, therefore, Decoder #1 is the problem Repl ace the
board and rerun the test. The other error condition is the
bracket declared is not equal to the pulse string generated
(figure 19).

TIME PULSE# #DECODES #ADDR OVERFLOW ADDR SwW HW
(HEX) (TIME) (TI M)

08: 00 0 1 1 0 EF824028 1400 1600

08: 00 0 1 1 0 EF824028 1400 1600

FI GURE 19. ERROR STRI NG FOR DECODER #l
( BRACKET TI ME | N ERROR)
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The user sees the bracket tine spacing is in error, therefore,
repl ace Decoder #1 and rerun the test.

ENTIRE DI G TAL SYSTEM The entire digital system operates by
transmtting a known signal through the diagnostic path. The
wavefornms are fed to the RAWDATA CARD and the ANALOG board. The
user selects the ENTIRE DI @ TAL SYSTEM TEST and presses <CR> key.
As nentioned before, the TEST IN PROGRESS and TEST RUNNING is
di spl ayed on the screen as an indicator to the user.

If the passed criteria is net, PASSED TEST is displayed and the
data is stored in the file (figure 20).

(TIME) PASSED DECODER #|l REFERENCED TO THE RAW CARD
(TIME) PASSED DECODER #| REFERENCE TO THE ANALOG CARD
(TIME) PASSED DECODER #1 CHECKI NG BRACKET CCDE

FI GURE 20. DATA STORAGE FOR ENTI RE DI G TAL SYSTEM TEST

If a failure condition is indicated, the only possibility is that
the bracket code is invalid. Al'l of the boards of DATAS are
validated for successful results, except for the bracket code

The list of the data stored are shown in figure 21.

TIME (CODE  (CODE DATA OVERFLOW #DECODES #BRACKETS
PULSE) CHECK)

08: 00 FFFC FFFF FFFC 0 1 1

FI GURE 21. ERROR STRI NG DECODER #2
( BRACKET CODE)

The code transmtted (code check) should be the sane as the code
read (code pulse). The error is in Decoder #2 card. Repl ace
that board and rerun the test again.

TRANSM TTER #2. The sanme di agnhostics that are usually run using
Transmtter #1 can run with Transmtter #2. Using the up or down
arrow keys, the user selects TRANSM T FROM CHANNEL #1. Press
<CR> key to change to Channel #2. Sel ect using the up or down
arrows to the ENTIRE DI G TAL SYSTEM TEST and press <CR> key.

As nmentioned before, TEST IN PROGRESS and TEST RUNNING is
di spl ayed on the term nal. If a failed condition is displayed
on the termnal, replace the Transmtter #2 board and rerun the
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test. After the conpletion of the ENTIRE DI A TAL SYSTEM TEST f or
Transmtter #l is conpleted and successful, the only possible
cause for ENTIRE DI TAL SYSTEM TEST to fail would be a failed
Transm tter #2 board.

RF LOOP BACK TEST. The RF | oop back test verifies the system
through the RF front end. Figure 8 shows that Transmitter #1
transmts a known signal to the RF unit. The RF unit returns the
signal to the analog board via the normal path. To operate the
user scrolls to the R F. LOOP BACK TEST, and presses <CR> key.
| f the diagnostic is running properly, TEST I N PROGRESS and TEST
RUNNING is displayed on the termnal. The test runs at six
different anplitude val ues. If the test is successful, the
term nal displays PASSED TEST and the data file contains the data
as shown in figure 22.

(TI VE) PASSED CHANN #1 R F LOOP AT -20 (PULSE TO PULSE MODE)
(TI ME) PASSED CHANN #1 R F LOOP AT -20 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -25 (PULSE TO PULSE MODE)
(TI ME) PASSED CHANN #1 R F LOOP AT -25 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -30 (PULSE TO PULSE MODE)
(TI ME) PASSED CHANN #1 R F LOOP AT -30 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -35 (PULSE TO PULSE MODE)
(TI ME) PASSED CHANN #1 R F LOOP AT -35 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -40 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -40 (PULSE TO PULSE MODE)
(TI ME) PASSED CHANN #1 R F LOOP AT -45 (REF. TO REPLY W NDOW
(TI ME) PASSED CHANN #1 R F LOOP AT -45 (PULSE TO PULSE MODE)

FI GURE 22. DATA FILE STORAGE FOR R F LOOP- BACK TEST

If the test fails, there are many possible errors that could

cause the test to fail. An exanple of a few failures is shown in
figure 23.
TIME WDTH (ACTUAL) SPACING ACTUAL # PULSES MODE PULSE #
( READ) ( READ)
8:00 400 450 1450 1450 16 0 0
8:00 400 450 1450 1450 16 0 1

ADDRESS DATA WAS | NVALID 4 ***DETECT 4 OQUT OF 16 PULSES
8:01 -18.5 -20 (AWVPLI TUDE) 1090. 001=1090. 00( FREQ. ) PULSE #1
8: 00 -25.1 -25 (AVPLI TUDE) 1087.001=1090. 00( FREQ.) PULSE #5

FI GURE 23. ERROR STRING FOR R_F LOOP- BACK TEST
The two nost probable causes are the pulse wwdth is in error
and/ or the address data was invalid (detected x out of 16
pul ses). Also, the user may encounter an out of tolerance pul se
anplitude or frequency. |If this error is detected, the whole RF
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chassis should be replaced. Replace the chassis and run the test
agai n.

ENTI RE DATAS SYSTEM TEST. This test runs all of the testsprevioudy
menti oned with one exception. The test runs through all of the
tests using Transmtter #1 as the transmtting source and then
runs through the entire test again using Transmtter #2 as the
transmtting source.
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