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OBJECTIVE

Evaluate the A N / U R T - 2 3 / R I O 5 I E  transceiver (modified for NTDS operation ) in an
A/B comparison test with a ~standard” shipboard NTDS hf radio (AN/ SRC -23 )  in actual on-
the-air l inks with ships. aircra ft , and shore sites.

RESU LTS

I .  On-the-air performance of the A N / U R T - 2 3 / R 1 O 5 I E  summed over all the test fre-
quencies was found to be equivalent or slightly superior to that  of the AN/ SRC-23.

2. On-the-air performance of the AN /URT -23 / R lOSl  F at any single test frequency
differed from that of the AN/ S RC-23 .

3. Signal-to-noise ratio performance of the AN/URT-23 / R 105 I E is equivalent to
that of the AN/ SRC-23 at 4.5 megahertz.

4. The AGC action of the AN/URT-23/R 105 1 F is satisfactory and is equivalent  in
performance to that  of the AN/ SRC-23.

5. The AN/U RT-23/R 105 1 E receiver is susceptible to saturation by a very near
station.

RECOMMENDATIONS

I.  It is recommended tha t  the modified A N / U R T - 2 3 / R I O 5I E  transceiver he consid-
ered for N TDS Link I I  use by the I :leet.

2. The AN/ USQ- 59 and AN ACQ-5 modems should be fitted with switches to disable
their  signal qual i ty-detect ion circuits during POFA exchanges.

3. lhe  POFA software patch for the R0280 hi gh-speed printer  should be made avail-
ab le to (lie Fleet.

4. The saturation of the AN / URT- 2 3/ R 10 5 l F receiver by extremely strong stations
should be investigated and, if possible. corrected.
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INTRODUCTION

T h e  Navy Tactical Data System (NTDS) is an automatic communications network
which provides Fleet units with the capability of performing threat detection and warning,
controlling warfare functions , and managing airspace use on a near- real-time basis for the
entire tactical area of the network. The Link 11 system consists of sensors and displays , an
NTDS computer , cryptographic devices , an NTDS modem , two-way radio , antenna coupler ,
and antenna. A typical NTDS Link 11 syste m is shown in figure 1.

ANTENNA\ /
DI SPLAY S

& SENSORS

COMPUTER ~ CRYPTO ~ MODEM 

4
USB~~~ 

R A D I O  ~ ~~~________  _______  

4 LSBI

Figure 1. Typical NTDS Link 11 system configuration.

The objective of the tests reported upon in this document was to evaluate the AN!
URT-23 hi gh-frequency transmitter and its companion high-frequency receiver , RI  05 1 E ,
propose d for use as the two-way radio in the Link 11 configuration. The tests were of the
A/B type in which the AN/URT-23 /R1 05 1 E equipment was compare d operationally with a
standard NTDS shipboard radio.

NTDS Link I I  operates in a netted configuration. Each member of the net is a par-
ticipating uni t  (PU), and shares tactical data by mutual exchange s with all members of the
net. Exchange of data is automatic and is under the control of one PU which is designated
Net Control Station (NCS). All other PUs are designated as pickets. When the net is in oper-
ation , the NTDS computer supplies digital data which are passed to the N DS modem which
converts the data to 15 audio tones used to modulate the radio carrier for transmission.
During reception , the audio modulation is recovered by the radio and is delivere d to the NTDS
modem where it is converted back to digital form for use by the computer. Cryptographic
equipment is used to encode the digital data for transmission and to decode it after reception.

SYSTEM DESCRIPTION
In the NTDS Link I I  system , the NTDS modem provides 3 essential functions. These

functions are now discussed.

5
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MODULATION
The fi rs t of these major functions is modulat ion which is performed by the modem

during transmission of signals. The output  from the NTDS computer  is a 24-bit parallel data
word for each frame time period (13.3 milliseconds in the fast data rate , and 22.0 millisec-
onds in the slow data rate ). Each data word is delivere d to the modem (via a cryptographic
uni t , if required ) where 6 hammi n g bits are added for error-detection and correction pur-
poses. The modem examines the resultant 30 bits in pairs to determine the phase angle of
each of the 1 5 data-carrying tones in the audio tone package which is used to modulate the
transmitter. In the Link I I  system the information is conveyed by phas e-angle shif ts  of the
15 data-carrying tones , At each frame boundary , the phase of each data tone is shifted wi th
respect to the previous frame. Figure 2 shows the phase shifts result ing from the 4 possib le
bit patterns of a 2-bit pair.  A sixteenth tone is added to the 15 ph ase-modul ated tones to
complete the tone package . This lat ter  tone is not phase modulated and is used to correct
for doppler shifts in the received tones caused by relative motion between the t r ansmi t t e r
and distant receiver and for the drift  in frequency standards. The tone library for NT I)S
Link I I  is shown in table I .

DEMODULATION
The second major function of the modem is the demodulation of data received by the

Link 11 system from another unit .  The modem also demodulates its own transmitted data
to check for errors . The received audio tone package is delivered to the modem where the
30 bits of data in each time frame are extracted by determining the shit ’t in phase of each

DATA = 0,0 DATA = 1,0

225° REFERENCE

450 SEE NOTE

NOTE: THE REFERENCE IS
1350 ESTABLISHED AT ANY ONE

OF THE FOUR POSITIONS
x . x , , Y , Y ’ .

D A T A = O ,1 D A T A - l i

Figure 2. Data phase-shift encoding scheme.
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TABLE I. TONE LIBRARY FOR
NTDS LINK 11 .

Tone Frequency
Hz

I (Dopp ler) 605
2 935
3 1045
4 1155
5 1265
6 1375
7 1485
8 1595
9 1705

10 1815
ii 1925
12 2035
13 2145
14 2255
15 2365
16 (Sync) 29 15

data tone with respect to the previous frame. The 30 data bits are then examined for errors.
In this connection , the 6 hamming bits provide for erro r detection and allow for correction
of a single-bit error in the received data.

The modem has sideband-selection modes which may be used for data reception.
These include upper sideband alone (USB) . lower sideband alone (LSB), or the diversity
combination of both (SUM). A fourth mode , designated AUTO, permits automatic selection
of the sideband or combination thereof which yields the least number of erro rs on a frame-
by-frame basis.

In operation the operator has the option of having error-correction circuitry ON or
OFF. When the circuitry is ON, the modem identifies the presence of what appears to be an
error and , if possible , corrects the error before sending the info rmation to the computer. Two
status bits are added to the 24 data bits sent to the computer. ‘These status bits indicate the
parity of the information as sent to the computer and are shown in table 2.

TABLE 2. DESCRIPTION OF STATUS BITS.

Status Bit 25 Bit 24 Descri ption

0 0 0 No error detected b y modem.
I 0 I Hamniing bit errors detected by

modem. Uncorrectable error.
2 I I Even number of bit errors detected

by modem. Uncorrectable error.
3 I I Odd number of bit errors detected by

modem. Correctable single bit error.
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LINK CONTROL
The third essential function provided by the modem in the NTDS Link 1 1 system is

that  of l ink control. The principal  modes of net operations are NET SYNC. NET TEST. and
ROLL CALL . NET SYNC and NET TEST are used for net initia lization while the normal
mode for net operation is ROLL CALL. The AN/SSQ-29 and AN/U SQ-59 modems have
two additional modes. BROADCAST and SHORT BROADCAST. Brief descriptions of
these modes follow.

NET SYNC
The NET SYNC mode is used to establish a uniform time base wi th in  the net.  When

the NCS transmits in this mode. each PU synchronizes its individua l t ime base with the signal
being received and , from this point  on , continues to monitor its synchronization with the
re Hved messages and corrects for minor differences . During NET SYNC only the doppler
tone and the synchronization tone are transmitted .

NET TEST
The NET TEST mode usually follows the use of the NET SYNC mode and immediatel y

precedes full net operation. When in this mode , the NCS transmits a known patte rn of test
data (all 16 tones are transmitted ).  Each PU compares the pattern it receives with  the same
pattern generated locally. When a PU detects an error , an appropriate lamp lights on the
modem.

BROADCAST
When the BROADCAST mode is selected , one PU transmits continuously to all other

uni ts  in the net. Once this mode is initiated , it is continued automatically unt i l  reset manually.
Information which is t ransmitted consists of continuousl y updated data from the NTDS
computer. When in this mode , all PUs can receive continuously updated information without
breaking radio silence. This mode uses the Picket Reply format (see figure 3) substituting a
Control Stop Code for the Picket Stop Code.

SHORT BROADCAST
Wh en iii the SHORT BROADCAST mode , radio silence is broken only when a PU

makes a single data transmission to all members of the net. This mode is init iated manually
and , upon completion of the transmission , the transmitt ing modem is automatically reset.
Use of this mode allows any net member to update the others whenever changes in the
tactical situation warrant.  This mode uses the Picket Reply format (see figure 3).

8
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NCS REPORT AND CALL-UP

I P R E A M B L E  
R E F E R E N C E  

J 2 V A R I A B L E  

CONTR OL 

A D D R E SS

HE A DE F AMES
P I C K E T  R E P L Y

P R E A M B L E  
R E F E R E N CE 

DATA 
P I C K E T

5 1 2 V A R I A B L E  2

H EA DE R F A M E S
NCS CALL-UP

P R E A M B L E  
R E F E R E NCE ADD:Ess

H E A D E R  F R A M E S

NOTE : NUMBERS INDICATE THE NUMBER OF FRAMES;
FRAME PERI OD IS 13.3 OR 22.0 MILLISECONDS.

Fi gure 3. Roll-call message formats.

ROLL CALL
The ROLL CALL mode is the normal operating mode for the net .  When in this mode.

NCS automatically interrogates each PU in turn. When a given PU recognizes its called
add ress , it transmits its data to the net.  After all PUs have been called , NCS then sends its
own data and repeats the cycle. In this manner , rea l-time informat ion for the entire
tactical area covered by the net is made available to all uni ts .

The thre e basic message formats used in the ROLL CALL mode are NCS Report and
Call-Up. Picket Reply, and NCS Call-Up . These are illustrated in figure 3. Each message
when transmitted , is preceded by five AGC frames and one phase-re ference frame. These six
header frames allow the receiving uni t  to synchronize with the frame boundaries , to deter-
mine and correct for doppler shift , and to acquire a re ference phase to be use d in decoding
the frames which follow. If data are included in the message (as in Picket Reply or NCS Re-
port and Call-Up) these data are bounded by a Start Code and a Stop Code. NCS transmits
a special Control Stop Code.

OPERATIONAL FLOW
In operation , the NCS ini t ia tes  new cycles by t ransmi t t ing  the NCS Report and Call-

Up message. This message includes the data from the NTDS computer at the NCS and also
contains an address for a specifi c PU in the net.  The addressed PU responds by transmitt ing
a Picket Reply message which includes its own data. The NCS then calls the next  PU by
transmit t ing the NCS Call-U p message. This me.~sage contains no data: it contains only the
address of the next  PU in net. The addressed PU responds by sending its own data using the
Picket Reply Message . The NCS continues call ing each PU in the net , using the NCS Call-
Up message , unt i l  all PUs have been interrogated. The NCS then starts a new cycle by

9
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t ransmi t t ing  another NCS Report and Call-Up message . If. during the roll-cal l sequence. a
g iven PU fail s to respond with a repl y wi th in  16 frames af ter  the conclu sion ol’ th e  call-up.
the NCS aut omat ical ly  provides a second call-up. If the PU again t’ai ls to respond w i t h i n
I ( frames , the NCS continues on and interrogates the nex t  PU.

Info rmation transmit ted by the modem origi nates from two source s . Data als~ ;i~~ s

originate at the NTDS computer while Preamble. Phase-R eference , Start . Stop, and
Address Code frames may ori ginate ei ther at the computer  or the modem. Each t r ansmi t t ed
frame after the Phase-Refe rence frame has 30 bits of informa t ion , two for each of the I 5
data tones. The Start . Stop, and Address Code frames generated by the  modem are also
30 bits long, immediately following the Phase-Reference frame mu st  he e i th e r  Start or
Address Code frames.

During reception , t he detection of a Start Code frame indicates  tha t  a block of data
will  follow . The data recovered from each data frame are sent to the NTI )S computer .
Such data may or may not include the Preamble . Start.  and Address framcs . The first frame
of a Stop Code is sent to the computer  hut the second frame is not. When a block of data
is t ransmitted it is always followed b y a Stop Code. A Picket Stop Code indicates tha t  th e
data wer e transmitted by a Picket Unit  and , there fore. nothing will follow fro m that  PU and
the NCS proceeds to the next call-up. A Control  Stop Code indicates that  the data were
originated at NCS and that  two Address frames will follow. Each PU decodes th e two
Address frames and compares the decoded address to its own address. If a match is obtained .
the PU starts a reply. If a Start Code does not follow the Phase-Refe rence frame , t he n ex t
two frames are interpreted as being Address frames.

TEST P ROGRAM
The POFA (Performance and Operational Fault Analysis) software used for the tests

of the Link II system was written to be used with the CP-642A or (‘P-642B comput er . l
Both computers were available at NOSC hut  only the CP-642A was used in th e tests. To
reduce the number  of variables , only ships having the CP-642A or CP-642B computers
were util ized. (This restriction could not be applied to the P-3C aircra ft . )  In order to ensure
accuracy in the PO FA bit-error analysis , it was necessary to operate in the uncovered mode.
Approval was soug ht from and granted by CINCPACFLT , Makalapa . Hawaii , to operate in
this manner.  Documentation of the necessity for operation in the uncovered mode is
contained in an NELC technical note. 2

In addition , it was desired to collect data from points ranging from 20 to 300
nautical  miles from NOSC at various times during the day and on various frequencies in the
high -frequency band. Frequencies authorized for use in the tests are shown in table 3.

‘NAVSHIPS 0967.011.4011 , Link -I l  Network Evaluation Test (POFA) for use with CP-642A on B Com-
puter , 27 March 1973
2NELC TN 1690 , Crypto • Device Error Stud y, by EW Cox , 20 June 1970 (NE LC TNs are inform al docu-
ments intended chiefly for internal use.)
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TABLE 3. TEST FREQUENCIES.

Designator Frequency (MHz)

A 3.4

B 4.5
C 5.9
D 6.8

E 77*
F 9.3
G 11.5

II 15.6

16.1
J 20.1

*Voice.coordination frequency

TEST CONFIGURATION AT NOSC
The tests were conducted between NOSC and various ships in the Southern

California (SOCAL) operational area. Links were also established between NOSC and P-3C
aircraft and between NOSC and FCDSTCP (Pacific). Figure 4 is a block diagram of the on-
the-air test configuration at NOSC. The AN /URT -23 / R IOSI E and the AN/ SRC-23 were set
up side-by-side in NOSC building 4. Telephone lines to and from the Applied Systems
Development and Evaluation Center (ASDEC) at NOSC and building 4 carried audio and
transmitter-key signals from the modem. Figure 5 shows the audio and radio-frequency
switch-panel arrangements. The switching sequence is explained in a later portion of this
report.

The antennas used at NOSC were omnid irectional and broadband and did not require
the use of couplers. These antennas provided a voltage-standing-wave ratio (VSWR) of 2.6
or less over the frequency range of interest. A level amplifier was used to ensure an audio
level of zero dBm into the transmitter. In addit ion , a frequency and signal-strength monitor
was provided in ASDEC for qualitative monitor ing of the Link 11 signals. The intercom line
was used for voice coordination between the personnel manning the radios and switches in
building 4 and the modems and computer in ASDEC. On-the-air voice coordination was
provided through the use of an AN/URC-32 hf radio. Figures 6 through I I  show the major
items of equipment used in the radio comparison test (radios , modems , and computer).

TEST OPERATIONS
During the performance of the tests, the following ships and facilities provided

invaluable services in coordination and l inking with NOSC : USS CORAL SEA , USS CON-
STELLATION , USS ENGLAND , USS BLUE RIDGE , USS JOUE IT , USS HORNE , USS

11/ 12
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F R O M  F R O M  M O DEM I N  AS DEC V I A  P H O N E  L I N E S
A N T E N N A
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Figure 6. AN/SRC.23 radio and
remote-control panel.
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Figure 8. AN/USQ-59 modem and address-
control indicator.
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LSF 246-2-77

Figure I I .  CP-642A computer .

LEAH Y , USS TOWERS . COMPA TWEN GSPAC.  VP 4~ . VP 19 , FACSFA(’. FCI)STCI’.
DEPCOMOPT EVFORPAC . and (‘OMNAVAIRPAC. Withou t  the ass i stance and ser\ ices of
these organ izat i on s . the tests  would have been impossible to conduct .

TEST PROC E I)URES
Prior to on-the-air  tests on each test day, s\ s tem equipment  at NOSC v~ as evaluated.

Self — check and sing le—tone a t tenua t ion  tests with the modem alone and wi th  th e modem and
each radio were performed with the AN/USQ-36. Single-station POFAs were then m u  w i th
the AN/USQ-36 and the  AN/USQ-59 modems and with the modems and each radio. Mul t i -
s l a t l o l )  POFA exchanges were conducted ,  first with the modems hack-to—hack and then
through the radios . Audio gains were set usit ig a Hewlet t—Packard tr u e—rms vol tmeter  so tha t
t he ou tpu t  level of both receivers and the input  to both transmit ters  was zero dBm .

Once the NOSC equipment  wa~. found to be func t ion ing  properly , the voice-
coord ina t ion  net was activated. Each u n i t  in the net t ransmit ted  NET SYNC and NET TEST
whi le  the o ther  u n its  obse rved th e i r  modems for  the indicat ions  of ’ proper reception ol’ these
signals. After it was demonstrated that  all uni ts  could t ransmi t  and receive NET SYNC and
NET TEST successfully. the NTDS l ink  was activated. The modem and radio condit ions
applied throughout  th e tests are shown in table 4.

Data were obtained throug h POFA exchanges with NOSC as NCS on most exchanges.
lite fi rs t POFA exchange on a test  day was performed with the AN/ SRC-23 radio at NOSC.

After  approximate ly  seven minutes  of exchange , the NOSC modem was reset and p r in tou t s
were taken at all par t ic ipat ing uni ts .  Only a few seconds were requir ..’d to output  the NOSC
POI A results on the R0280 hig h-speed pr~t 1t er. A special UNIVAC software pa tch f t r  the
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TABLE 4. MODEM AND RADIO TEST CONDITIONS.

E qui pment Conditions

AN/URT -23 ISB
MAXIMUM RF GAIN
FAST AGC

DATA ADAPTER DATA
ISB

Rl 05 1 ISB

AN/ SRC-23 (Receiver) DATA
ISH
NORMAL RECEIVER GAIN

(Transmitter) DATA
ISB
MAXIMUM TRANSMITTER GAIN

AN/USQ-36 CONTROL RECOGNITION , ON
DOPPLER CORRECTION , ON
DATA RATE , 13/9
COMPUTER DATA , ON
AUTO
ERROR CORRECTION , ON
ATTENUA TION , OFF
ROLL CALL
CORRECTED TIM I NG
ECHO TEST, OFF
NET CONTROL

AN/USQ -59 DOPPLER CORRECTION , ON
HALF DUPLEX
INTERNAL 100kH z
AUTO
TADI L A
SYNC , FAST /CONTINUOUS
CORRECTED TIMING
NET CONTROL
ERRO R CORRECT
ROLL CA IL
DATA RA TE , 2250
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(~42A and B Link I I  POFA was incorporated at NOSC to enable output  of POFA results on
the R0280 pr in te r  (see Appendix C for a description of ’ this  software p atc h ) .

With pr in touts  completed and computers again zeroed at all par t ic ipa t ing  uni ts , a
second POFA exchange was conducted using the A N / U R T - 2 3 / R I O 5 I E  radio at NOSC.
Printouts  were taken and computers were again zeroed at all un i t s .  This cycle of a l te rna t ing
NOSC radios on consecut ive POFA exchanges was cont inued  throug hout  each test day wi th
as ma ny as 40 exchanges conducted on a single test day.

A single data t’requency was used on a part icular  test day unless it was determined
that suff icient data had been obtained on that  given frequency or unless propagation condi-
tions or shipboard f req u ency  requirements precluded t’ur ther  use of the frequency. The
major variables in the tests (other  than the NOSC radios) were propagation conditions .
ranges of separation between NOSC and par t ic ipa t ing  units , an tenna  a t t i tudes  of partici-
pating uni ts  relative to NOSC, and the NOSC modem. Figures 12 and 13 describe the
number  of minutes  of POFA exchange obtained at each frequency and range interval ( inter-
vals of 20 nautical  miles ) on each NOSC radio. It should be noted tha t  while  the majority of
these exchanges were with two parties , there were many 3-party exchanges (5.2 hours total
on each radio , all on a frequency of 5.9 MHz). These 3-party exchanges account for approxi-
mately one third of the total data.

TEST DATA
Figure 14 shows a typical 2-party n iult is tat ion POFA pr in tout  with bit-error analy-

sis. The major portion of this example contains information on “own-station ” performance.
Note that the “own station ” (station 24) was on the air t’or 6 minutes , 59 seconds , tra ns-
mitted I I  730 words. received I I  500 words (all from statiot i 50) with 4 words in error.
Note also that , of the words received at “own station ”, one word had 3 bits in error , 2 words
had 4 bits in error , and one word had 5 bits in error. The total bits received in error were 16
(sum of the column headed “Times in Error ”).

The bottom portion of the report in figure 14 provides an analysis (without  bit-error
information ) of the performance of station 50 as reported by station 50 to station 24. For
station 50 , I 1 500 words were transn ,itted. 10 580 words were received (all from station 24)
with 23 words in error. This particular pr intout  originated at station 24. A similar report
was generated at station 50 and was furnished NOSC for analysis.

The multistation POFA consisted of exchanging known data over the l ink ,  evaluating
t h e rece ived dat a , and transmit t ing the evaluation reports with the data to other stations.
Evaluation reports were available for print ing at each station. The full report consists of the
link performance as evaluated at each “own-station ” computer plus the evaluation reports
received from the other stations included in the net (figure 14). A 230-word message is
prepare d and transmitted by each station for each transmission. This message consists of
130 words of net-status report data followed by 100 words of “canned” (fixed-pattern) data.
Each message is evaluated for errors at each receiving station. The 130 net-status report
words are evaluated by checking the hamming condition. The 100 canned words are evalu-
ated by a bit-by-bit comparison. The results of the evaluations are contained in the 130 net -
status report words~ the bit-error analysis portion of the printout applies only to the 100
words of canned data. The word-error analysis portion of the printout applies to all
230 words.
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RAN GE (NMI)
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

3.4 5’3” 15’8” 20’45” 22’O” 142”  12’5O~ 13’39”

4 .5 7’5” 6317” 171’52’ 20 58”

~ 5.9 64 14” 65 18” 30’55” 155’13’ 79’38” 20’4” 24’36”
I

x zzzzzzzxzzz
U. 9-3 5’S” 5’6” 7’2” 19’12” 13’49” 14’3” 13’51” 7’2”

11.5 4217”  6’57”

15.6 21’3” 7’ l”

TOTAL POFA TIME
TOTAL: 16.15 HR

Figure 12. Data matrix for AN/SRC-23.

RAN GE (NMi)
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

3.4 20’8” 15’18” 6’24” 15’54” 13’55” 14’30” 13’40” 5’50”

4.5 7’l” 64’16” 144’38 27’57”

-~~ 5.9 49’52” 80’2” 22 55” 175 55 72’50” 1449” 29’58” 
—

I

6.8

~-~X><XXX><X >< ><XX>< ><><><
~~ 9.3 51” 25~~”~~~~~ 8” 717”~~~~53” T44” 7~~ ’

11 .5 42’19” 7’3”

15.6 13’48” 6’52’

TOTAL POFA TIME
TOTAL: 15.77 HR

Figure 13. Data matrix for AN/URT-23/RIO5IE.
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LINK ii NETWORK EVALUATION TEST (PDFA) JAN 1971-

THIS STATION IS STA. NO. 24
USING THE AN/USQ-36 OR CP-800 WITH AN/SSQ-29 TERMINAL TEST
IN THE MULTISTATION MODE WITH BIT ERROR ANALYSIS

THIS STATION WAS ON THE AIR FOR 6MIN, 59SEC.
TOTAL WORDS TRANSM ITTED-i 1730
TOTAL WORDS RECEIVED -11500

R E C E I V E D  F R OM WORD S R EC E I V E D WORDS WITH E R R OR S

STA . N O. 50 11500 4

IN T E R RUPT AN D B UF F E R  STATU S
R ECEIVED END RECEIVE INTERRUPT BUT NO DATA ERRORS- 1

PARITY STATUS OF ERROR WORDS
PARITY WORDS
3 4
PARITY STATUS OF CORRECT WORDS
P A R I T Y  WOR D S
3 4
BIT S PER WORD I N  ERR OR
BITS WORDS OWN

3 STATI ON
4 2 R E P ORT
5 1

N U M B E R  OF WORD S W ITH B IT S IN  E R R OR
BIT TIM ES IN ERROR TIMES PICKED TIMES DROPPED

2 2 0 2
3 1 0 1
6 1 1 0
7 1 1 0
8 1 1 0
9 2 1 1

10 2 1 1
12 1 1 0
13 1 1 0
14 2 1 1
17 1 1 0
18 1 1 0

THIS STATION REPORT IS FROM STA. NO. 50

THIS STATION WAS ON THE AIR FOR 6MIN. 52SEC.
TOTAL WORDS TRANSM ITTED-i 1500
TOTAL WORDS RECEIVED -10580

RECEIVED FROM WORDS RECEIVED WORDS WITH ERRORS
STA . NO. 24 10580 23

E N D  OF R E P ORT

Figure 14. Two-party multistation POFA with bit-error analysis.
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The software l is t ing of the POFA is contained in referenc e 3, and an explanat ion
of how the POFA program is operated and how the pr in tout  is interpreted is contained in
re ference 4.

RADIO COMPARISON DATA
Figure 15 illustrates the data-analysis sheet uised when 2 par t ic ipa t ing  u n i t s  were

involved in a l ink.  The left third of the sheet , under the heading “NOSC .” co ntains  data
from the NOSC POFA printouts  and calculations based on those data.  The midd le  third of
the sheet , under the heading “Ship ” contains data from the ship POFA p r i n tou t s  and calcu-
lations based on those data. Each row represents data and calculations from one 7-minute
POFA exchange.

The subheadings WER and BER refe r to “Word-Error Rate ” and “Bit-Error Rate ”
calculation s. respectively. WER was calculated for a par t ic ipat ing u n i t  as

WER = 
Error Words (received by uni t )

Received Words (total received by uni t )

BER was calculated from bits analyzed at a participating uni t  as

BER = 
Error Bits (received by unit )

Total Bits Analyzed (by uni t )  -

The bit-error analysis was conducted on the last 100 words of each 230-word POFA message
received by the part icipating unit .  The total number of bits analyzed was calculated as

Total Bits (Received Words)( 100 Words/Message)(24 In formation Bits/Word )
Analyzed (230 Words/Message)

WER and BER provide a measure of the quality of the received data. These error rates do
not provide a total picture of link quali ty,  however , since they are concerned only with that
part of the transmitted message which was received and analyzed for error. It is quite com-
mon for one or more 230-word messages to be missed in their  entirety during these POFA
exchanges. For this reason , a third rate which we refe r to as the “Received Message Rate ”
(RMR) was calculated in the analysis of these data and appears just to the righ t of the “Ship ”
heading on the analysis sheet. We define:

R = 
Total Messages Received at NOSCMR NOSC Total Messages Transmitted at the Ship , and

RMR - = 
Total Messages Received at the Ship

Ship Total Messages Transmitted from NOSC

3NAVSIIIPS 0967-01 I~~00I , part l , Program Listing for link I I  Network Evaluation Test (POFA) for Use
with CP-642A or B Computer , 27 March 1973

4NAV SIII PS 0967.011-3991 , Operating Procedures for Link 11 Network Eval uation Test (POFA ) for Use
with CP.642A or B Computer , 27 March 1973
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RM R is a liiea su re of S ta r t— C ode  recoen l  t ion at t h e  r ecei~ IrI g modem. Should  I l i e
St a r t  Codes lot  he r e cog i i i i ed  - t h e  receiving modem c o n t i n u e s  to sear ch f o r  Add res s  ( ode’
and Star t  ( odes and s~i il  I lot  I l l ak e  the da ta  wh ich  t o i l o s~ the  S ta r t  ( odes ,l s : l i l . I h l e  t o  t h e
compute r .  To emp l i a s iie  t h e  i l i l p o r t a i k e  ol th i s  para m e te r .  a h a n d f u l  of P ()I -\ p r i n t o u t s
reported exc l i a  ngcs in  wli  cli one I i l c - - .a OIl t of ~() message s t r a l i s l u l t  ted s~ as reed s ed -

t h a t  51 ng lc message s’~ as reed s ed error tree .  Sole ly  on t l i e  h.i- ~is of word a n d  h i t — e r r o r  r a t e s .
t h is 550111( 1 he COi15i ( ld r ed  a l i i ~ h — q u a l i t ~ li n k . I h e  RM R va lue  pro s es to he t h e  oIil ~ .ic~ ( l r . i t
mdi ca tor  of u k  q i i a l i  I ~ in these e x t r e m e  cases .

Fss o a d d i t i o n a l  r a t e s  m i g h t  ha s e 1,een c a l c u l a t e d  h i l l  were n o t  i nc luded  as p a r t  of I l i  Ps

da ta  p r e s e n t a t i o n .  The ‘‘1 r a n s u l i t  ted \ le ssage R a t e ’’ I \\1 R I  is d e f i n e d :

\ \l  R = 
fo t a l  Messaui es T r a n s m i t  ted 1w t h e  P icke t

Total Messages T r a n sm i t  ted h~ \( S

This ra te  Is a measure  of r ecOgnI t Ion  of the  .-\ddress Code N a p i c k e t  u n i t .  It  is usefu l w h e n
a p i c k e t  u n i t  does not  recognl /e  the  S ta r t  codes t h a t  precede a m ) NC S message hu l t  does
recognize the  Ad dress Codes at t he  end of t h a t  message and  t h u s  repl i es  to the  N ( S  i n t e r ro -
g a t I o n .  I f  RM R and \M R are bo t h  zero ther e  is n o  c o m m u n i c a t i o n .  I losses er. ss hen R\1 R
is zero and NM R is I loi l —/e r o .  one-wa\  cOnlnlui l teat ion Is s t i l l  possible. POI .-\ pri n tou t s  I ronl
p i cke t  u n i t s  f r e q u e n t l y  record more words t r aml sm i t t e d  t h a n  received and the  \M R value  is
correspondingly  larger  t h a n  the  RM R value in these eases .

A second ra te  of some i m p o r t a n c e  is re ferred to as “ Incomple te  Message Rate ’’ I IM R I
aIld Is def ined

N R = 
Total I n c o m p l e t e  Messages Received

Total Messa ges Received

Th i s  parameter  Is also a measure of l i n k  q u a l i t y  since i n c o m p l e t e  PO1~,\ messa ges resu l lt  when
tile “s i g n a l — q u a l i t y  de t ec t ion  c i rcu i t ” of ’ t h e rece iv ing  modem d e t e r m i n e s  t h at received u la t a
fail i t s  qua l i ty  cr i ter ia  and it stops the transfe r of da ta  to the  computer .  None ot the ships
used in these tests had modems wi th  this  c i rcui t :  however , the AN USQ—59 niodeni s at NOSC
and FCDST CP and the AN/ACQ-5 modems on the P-3C aircraf t  have  this  c i rcu i t .  It is not
clear tha t  word-error and bit-error rates greater than  zero are strong l y corre l ated t o no n ze ro
incomplete message rates associated with the AN !USQ-59 modem (see Appendix B).

The right third of the data-analysis sheet ( t ’igure 1 5) provides space for tile ealcu la-
ti on of the  ratios which make up  the data points of the radio-comparison stat ist ics.  These
ratios are calculated as follows:

WER R- - W E R ( A N / U R T - 2 3 / R l O 5 l E )a t io  - 
WER (AN/ SRC-23 )

BER R ’ t - B E R ( A N / U R T - 2 3 / R I O S I E )a ~ - 

BER (AN / SRC -23 )

RMR R’ - - RMR (AN/ URT-23 / R 1 051 E)
a tlo -  RMR (AN / SRC -23)
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\ \he n i  one of t he  t ss o error r i t e s  t i ~ed in a r a t i o  is zero. t h e  r a t I o  is  ( I nde l  ned , i i id
s t : p t j s t i c a l l ~ ( In t l i ana g eab le .  To a s o i d  t h i s  s i t u a t I o n ,  er ror  r a t e  ‘ah t i e s

W F R =  I

d l i i i

B F R  = I X

\% ere s u h s t l t u t e d  fo r  error r a t e s  of zero. These values  ap p r o \ i t l l a t e  t h e  e r ror  i .i t c s  ~i l L i I I . i t L ’d
f rom a — m i n u t e  PO1:,\ excha nge where  one ss ord error  ss ,i~~ recorded. I x c h a n g e s  ss here an
RM R va lue  of zero was e\pe r lel l c ed ss ere assoc iated w I t h  e q u I p m e n t  f a i l u r e .  o p e r . i t o r  error .
or u n f , i s o r a h l e  p ropaga t ion  c O I l d i t t t ) t l s  f o r  a p a r t i c u l a r  c o m b i n a t i o n  ot range and I r e q l l e n i \  I
and were  nl~)t used in ra t io  ca l cu l a t ions .

The rates ca lcula ted  from i n d i v i d u a l  i’xch . i n g e s  are not i i i re c t l ~ su i t a b l e  fo r  s t a t l s t i c , i l
i n t e r p r e t a t i o n  t inder  the  test c o n d i t i on s  t h a t  pre va i l e d .  Tern poral v a r i a t i o n s  Ir I  p ar l  c~ pat  ing
U n i t s , p ropagat ion  con di t  ions , ra nge and heading  of p ar t i c i pa t  it lg u n i t s . etc. made it  inn possi-
ble to gat her a s i g n i f i c a n t  n u n l i b e r  of e x c h a n g es  w i t h  b oth rad t os  u n d e r  t e s t  c O l i d i t i o l l s  t h a t
could be considered c o n s t a n t .  The a c q u i s i t i o n  of da ta  s u i t a b l e  f o r  a d i r e c t  comparison of
rates wo uli d require the ‘‘dedicated” services of a s ingle  p a r t i c i p a t i n g  u n i t  equ ip ped  w i t h
high—speed l) r i l l t ot lt  c a p a b i l i t y .  Fi gures 16 through I () are 1)lOts of ra t es as a f u n c t i o n  of
range at the  4. .~— MI I.’ f r e q u e n c y .  Th e~ are i l l c lu ded to i l l u s t r a t e  t he  t empora l  v a r i a t i o n  of
rates calc ulated from test exchanges.

The most representat ive s t a t i s t i c s  to be ex t rac ted  from t h i s  uns tab le  ( t i m e - d e p e n d e n t  I
tes t  e n v i r o n m e n t  ss c re the rat ios calculat ed from ‘‘time—adjacent exchanges. ” \~e def ine
“t ime—adjacen t  exchanges ” as con s ec l i t i s e  exchanges ( one wi th  each rad io )  separated in t i I l le
h~ 20 m i n u t e s  or less , where f requency and Link  I I  sy stems (o t h e r  t h a n  NOSC radio )  were
held constant.  The 20 — minute  Upper hound is a pract ical  cons idera t ion ,  dic ta t e d In dura t ion
of POFA exchange required f o r  conf idence in data  and Nv the t ime required for shipboard
POFA p r I n t o u t .  Ship posit ion ss as not  con st a l l t  over this period of t ime and t~ pic a l i~
Iesl l ltcd in a range change of ’ 4 nau t i ca l  miles. A t t i t u d e  and range va r i a t i ons  ss crc thus
(I l lavoidab le from otie eX chl a l ig e  to the i lext , as were spa t i a l  and temporal  var ia t ions  ill
p ropagation condi t ions.  The use of ‘‘time-adjacent exchanges ” i l l ratio cal cu ll at ion s served
to m i n i m i z e  the inf lue n ce  of these Variatio li s.

Whenever possible, the e ffect of t in ie —d ep end ent  variables  was t ’ur t l ie r  di luted by t u e
Lise of each set of exchange ratios in two sets of ra t io  calcula t ions ,  implied in figure 1 5 by
time o f f s e t  of ra t io  ca lcu la t ion  rows betWee l l  consecu t ive  exc h ange rows. A gIven exchange
might  he u sed w it h t h e exc h a n ge t h a t  p rece des it ill one set of ratios and wi th  the  excha nge
which f o l l o w s  it in a n o t h er  set of ratios. The fi rst and last exchanges of a test da~ - the
excha nge i tnme dia t eI ~ p reced i ng a cha nge in co n t roll ed test con di t i on s, and the  exchange
i m m e d i a t e l y  fol lowing a change in controlled test cond It ions  were used in only one set of
ratios. (‘ons e ql i en l  R - the se exchanges  are not  a f fo rd ed as mulch s tat is t ic al weig h t as o ther
excha nges. The ratio s t a t i s t i c s  are presented as ( I )  histograms and ( 2 )  c 1In iUl at i~e
dist rihu tions.
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HISTOGRAMS
Figures 20 , 2 1 . and 22 are histograms of the ratios calculated frotii ti le o w n — s t a t i o n

portion of the NOSC POFA pr in touts  and figures 23. 24 . and 25 are hi stograms of ~hc ra t ios
calc ulated from the own—sta t i on  portion of tile ship POFA pr in touts .  R espe ct Iscl ~ - t l i e~ te l l
us someth ing  about  the relat ive perfor m ance of the NOSC receive r s and aboult  t he  rel~tt is- e
p e r fo rmance  of t i le  NOSC transmit ters .  The numbers on the ordinate  of each h i s l o g r an i
represent tile number  of ratios SLI I i’ lmed f rom the rat ios at all the test f requencies . There
were six f requencies  at whi ch  s u t t i c i e n t  data  were ac cumu ll at v- u i to warran t  p r e s en t a t i on .
Appendix  A con ta ins  histograms where tIle oru li l la t e of each i l i stograt i l  repre seni ts  t i le  I l LI ni l —
her of rat ios  at a specif ic f requency (or f requencies ) .  As such , they  tell  us son l e th ing  ab out
the re la t ive  pe r fo r l l l an le e  of NOSC receivers (or t ransmit ters )  at a pa r t i c u l a r  f ’re quen c~ -

The abscissas on all  the histograms display ratio values from I o 2 ( I ef ’t side to 1O ’
~
’ 2

I ri ght  side ) OIl a loga r i t l l n l i c  scale to the base teni . This logar i thmic scale is ulse l u l because it
dispe rses ratios from I o 2 to u n i t y  over a l inear  range equ l ivalent  to t i lat  over wh i ch  ra t  !Os
from L l n i t y  to i o+2 are dispersed a nd makes comparison visual ly i n t u i t i v e .  Rat io  s a l t i e s
along the abscissa are Ilot to he interpreted in a cont inuou i s manner  but  ra ther  are q u a n t l / e d
in to  6 equa i—ien gt i l  i i itervals per decade on tile logar i thmic  scale Witi l  t i le c e n t r a l  i t i t e r s  al
centered on u n i t y .  The result is a series of adjacent rectangle s w i th  the  rec tang le  base
spann ing an in terva l  of ratio values and tile rectangle height represe ll ting t u e  n L l mhe r  of ’ ra t ios
whose ratio value is greater than  the lef t—ha nd interval boundary (ver t ica l  l ine ) aIld less t i l a n
or equal to t u e  r ight-hand interval  bout idary.

The central  rectang le (interval  10.825 , 1.21 1 ) is of par t icular  importance ill t h a t  I t s

ileigil t is general ly much greater than  tile o ther  rectangles and depends upon t h e  n u m b er  of
ratIos where t u e  r el at iv e perf ’ormances of ’ ti le two radios were w i t h i n  2 1 perc ent of each
other.  A ratio value of un i ty  will  occur when the Link 11 perfo rmance of tile receivers (or
t r ansmi t t e r s )  is equal in a part icular  performance area ( W E R , BER . or RMR ) .  A d i st r i h u t i o l l
of ’ rectangle he ights  which is symmet r i c  about  th i s  rectangle ind ica tes  t i l a t  tile p erf ’orn lance
of tIle two receivers (or t r ansmi t t e r s ) is equ iva len t  or nearly equ iva len t .  if tile rec tangle
heights  on one side of the central rectangle are consistently much I l igher t ilat i the r ectangle
ileights on the other side, tile receiver (or t r a n s m i t t e r )  of one radio can he considered to he
outper t ’orming the receiver (or t r a n s m i t t e r )  of tIle other radio. No te  t i la t  W E R and B1:R
ratios greater than  u n i t y  ind ica te  a bet ter  performance by the AN , SRC-23 and WI R and
BER ratios less than  u n i t y  indica te  a bet ter  perf ’ormanee by tile R I  05 I i  ( A N  ‘t~ RT -23 ) ,
RMR ratios greater than  u n i t y  ind ica te  a be t ter  per formance  b~ tile R I  0 5 1 1 -  (AN t r  RT-23
and RMR ratios less that i  u n i t y  indicate  a bet ter  performance by tile AN/ SRC-23.

Inserts appearing on the  r ig i l t—hand  side of the histograms indicat e the actu al  number
of ratios equal to u n i t y  as well as ti le nui mber of ’ ratios less than  u n i t y  a n d the number  of
ratios greater than  u n i t y .  The number  of ratios equal to u n i t y  is pe r t inen t  because ti le he igh t
of’ t i le central rectangle does not indicate  the number  of ratios f ’or which the performances  ot
the radios were equal hull ra ther  the numb er  of ’ ratios where tile performances were Wit i l i l l
2 1 percent of ’ each other. The central  rectangle heig ht also does not indicate the n L l m h c r  of
ratios contained in t i lat  in te rva l  which arc greater than  un i ty  and the nu lmb er  wil ie l l  are less
than u n i t y .  It is not a lw ays  obviou s visual ly  if the number  of ratios on one side of tile central
rectangle exceeds or is equal to tIle number of ratios on the other side of t ha t  rectangle , nor
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is i t  a lways  possible to in cluide  all the ra t ios  on the  4—e s d c  lO g a r i t i t i l l  ic scale. i:or these
reasons , the nu imber  of ratios greater  t h a n  u n i t y  and the  I l L I n i b e r  of r a t ios  less t l t a i l  u n i t s
co l l t r ib ul t e  add i t iona l  i n fo rma t io l l  to t i le  h is tograms.  In m a n y  cases , t he  f ’act t h a I  a Ii i s t o —
gram indicates a slig ht skewing of ratios to one side or the  o the r  of u n i f y  is I lot near l y  as
i mportant  as the  f ’act t hat  the major i ty  of t i le  ra t ios  are L i I l i t ~ or close en ot igh to u n l i t v  to
be inc luded  in t he  central  r ec t ang le .

CUMULATIVE DISTRIBUTIONS
Figuires 26 , 27 and 28 are cui ni u lat ive d i s t r ibu t ion  t lots ot ’ t he ratios calculated f ’roni

t ile own—sta t i on  port ion of t h e  NOSC POFA pr in tou t s  and figures 2’) , 30. and 3 I are eurn  u-
lative dis tr ibut ion plots of tile ratios calcul l ated from the own - sta t io l l  port ion of the Ship
POFA printouts. The first three plots are based on the sant e ratios as those used in histo-
gram figures 20 , 21.  and 22 ,  respec tively,  while the l a t t e r  three plots are baseul on the  rat ios
used in i l is togram t’iguires 23. 24 and 25. The ordinate  intercepts  of ’ d iscrete data po in t s  oii
the cu l l l lu l a t iv e  d i st r ib u t io l l  f igures  correspond to t i le  percentage of ratios where t i l e  r a t i o
v a l u e  is equal  to or less t h a n  the  ra t io  va lue  of ’ the abscissa i n t e r c e p t s of ’ these poi nts . Like
tile his togram f ’iguires to which they are correlated , the abscissa r a t i o  v a lu i e s  of t he  c u n l u l a —
tive d i s t r i b u t i o n  figures do not lend t llelllselve s to in t e rp re ta t ion  as a c o l l t i i l uun l  of ’ a l t i e s ,
Again ,  the abscissa should be viewed as 26 discrete ratio values w i t h  a constant  h i n lea r  sepa-
r at i on l b etween adjacent discrete valules.

We will  cont inua l ly  re fe r to figu lre 32 in our discussion of ’ the i n t e rp r e t a t i on  of ’
c u l m u l a t i v e  u l i s t r i b u i t i o n  plots which  follows. Th uis f’igure is a superpos i t ion  of l l i s togr am.
f ’igure 20 , culnli ulative distr ibution , figure 26 . and a cumulative d is t r ibut ion  P lot of ’ t i le
percentage of rat ios wi th  rat io values greater than the ratio value of ’ tile abscissa in te rcep t
(labeled R) . The orul tnate scale on the right side of tile figure per ta ins  to t h e  cu lnu i la t ive
d is t r ibut ion  plots and the scale on (lie Ief ’t side pertains to the hl istogra il l plot.

The two culni u li at ive d is t r ibut ion plots in f i gu l re 32 are re flections of one anot i le r
about the 50-percent ordinate l ine and cont a in  ti le same informat ion , i t i l iterpreted eorrect l~
The plot labeled R is included only to aid ill discussion of and to preve llt possible Iliis-
ini terpretat ion of cumulative distr ibution , figures 26 , 27 . 28 , 29 , 30. and 3 !. Plot R appears
to intersect the ulni ty  ratio value line at the 51-percent ordinate line and tile plot from f’igure
26 seems to intersect the uni ty  ratio value line at the 49-percent ordinate l ine .  One might
interpret  the point on plot R to mean that  5 1 pe rcent of’ the ratios were greater t h a n  u n i t y
and the point on the other plot to mean that  49 percent of tile r atios were greater t i la n
uni ty .  The fact is , poi l its on connecting lines between actual data p oin ts  (0.825 and I .21
in this case) wi th  t u e  same abscissa ratio value on both plots will  generally h o t  have oru h ina te
values that indicate an identic al  percentage of ratios greater than  the abscissa ratio value.
Plot R (percent of ratios > ratio va lue) will slant interpretation of ’ these points in f avor  of
the AN/URT-23/R 105 1 E , while (lie other plot ( percent of ratios ~ ratio vu lue ’i w i ll slant
interpretat ion of these points in favor of ti le AN/ SRC-23. Ref ’crri ng to (lie rig ht-hand insert
of histogram figure 20 , we see that nei ther  one of these cumulat ive  d is t r ibut ion plots g ibe s
the correct percentage of ratios greater t h an the ratio value un i ty .  Tlle correct value is
20.4 percent , considerably different than 5 1 percent. it is now clear that  our cuniu la t ive
dis t r ibut ion t’igures cai~ he quite misleading when one a t tempts  to evaluate  points on t i l e  lin es
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connecting actual data points. This type of eval u lation is part icular ly dangerouis wilen tile
slope of a connecting l ine is very steep, always t h e  case across tile [0 .825 . 1.2 1 1 interval .

The cumulat ive  dis t r ibut ion figures are useful for de termining  t u e  percentage of
ratios which lie between aiiy two of the 26 discrete ratio values. For example . the dif ’ference
in ordinate values of the data points at ratio values 1.2 1 arid 0.825 in figure 26 is approxi-
mately 69 percent. This is it i agreement with plot (R) in figure 32 and also with the value
of 68.8 percent which can be ca lcu i lated t’roni histogram f’igure 20, T h e  two cumula t ive
dis tr ibut ion plots in figure 32 will always agree when compared in this manner .

ADDITIONAL RADIO COMPARISON DATA
Other data for radio-comparison purposes were obtained during the tests but  ilave

not been included in histograms or cumulat ive distributions.

P-3C AIRCRAFT EXCHANGES
Several exchanges were conducted at high frequencies between NOSC and P-3C air-

craft during crew training flights (NIB) in November 1976. Aircraft speed and lack of ’
NOSC control of flight plans made it invalid to apply ratio-comparison techniques to ti l e
aircraft POFA exchange data. Although the P-3C aircraft have medium-speed printer capa-
bili ty which reduces the separation time between POFA exchanges to seven m i n u t e s .
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‘‘ti i l le— adjace l it  exchanges ’’ were u n a t t a i n a b l e  once the  a i r c r a f t  ,I~ in t i le  a i r .  R . in ig e
between NOSC and the a i rc ra f t  cha n ged t y p i c a l l y  h~ 40 n a t i t  cal n t l l l e s  fF0111 One P( )l \
exc h a n ge to tile n e x t .

Dedicated flig h ts  in winch t i n e  air c raft  can be ii ree l ed In f1~ r . Iee-n  r , I d k  co t i r ses  al a

~ar i e t ~ of range s are r equired to oh t a in l  “ti hl i e— a d J ac ’en t L’\~ haI1g e s . Sii~ ii excha n ge s s~ crc
obtained prior to one f l ight .  Tine P—3C was  on die deck at  \ IoI  t e t t  I n eL l . a p r r o \ I n n a I L ’l~
41 ~ naut ica l  miles f rom NOSC. One POF \ wa s conduc ted  w i t h  t he  \\  ‘sR C-23 rad io  and
one w i t h  t i le  AN ~URT—2 3/ R 105 1 E radio. Data ff0111 th c~e e \~ l t a n t g . ’s are presen t ed inn
tab le 5.

l’he Sylvania  AN ’ACQ—5 nu oden u on the  P— $C a l r d r . I t  1 I n l c n r p o r . I I e s  .1 sI~! r n . i i — c l t l a l I t r

control circuit  whose func t i on  is s imi l a r  to t h a t  i l l  t he  - \\  t SQ-~~° I see \p p e n l l l \  lfl I ran s-
fer of da ta  froth modem to conipuiter is f r e q u e n c ~ i n t e r r u p t e d  d u r i n l e  PU! A me ssages .
con t r ibu t ing  considerable di f f icu i l t  to aI1a l~ s is  of ’ P-3( P01 A d. i t . i

BAND-LIMITED NOISI- TESTS
Prior to the  o n — t h e — a i r  phas e of the radio eon iu i ~ar~~~n~ I esl s~ I h e rad in s  ~ crc es a l u a t c i i

using a sing le—sta t ion  POFA and if l je d t i hi g wh ite no ise I f I l t e r ed  to I l l ,  t~. h t i le  aud io  h a n d w  cl t l t
of the modem )  at various levels of ’ signal s t r eng th .  F igure  1~ sliot ~ 5 . 1  block d n a g r a n i  n~ t h i s
test set—uip whi le  f igures 34 . 35. and 3(-i show ti le  r e su l t s  i l l  t i l e  f o r m  c i t  BE R . V~ I - R . and
RMR versus Ps - Pu (a nieasure of ’ signa l—to—noi s e ra t io . re spec t i c  el~ , No t e  t h a t  t i t e  base l ine
for t ilese cu l rves  is tile operat ion of the nl lod en l back-to-back I t i l e  radi o s  ren u o v ed anld t i ne
t ransmit  ahid receive audio lilies patched together  in AS I )L (’ ). Til ls  te s t w a s  p e r f o r m e d  c l n l l V
Witi l  the AN/USQ—3 6 modem. The AN t T SQ-5-) modem could Ilot he used Wi t i l  i t s  f r e q u e n t
ih iter ru iptio h i of data transfe r from modem to conipulter at io~ Ps Pn below 12 ii Bin ).

WEAK-STATION . STRONG-STATION TEST
Thirty-two POFAs were exchanged ~n two conse duit iv e evenings ~n 4 .5 \ l l I i  in a

3-party net consisting of NOSC (PUN ) .  FCDSTCP (PUF) . and USS I NG L ANI )  (PU E ) .  Tilis
exchange exercised the NOSC radios in a weak-stat ion , strong-stat ion s i tua t ion  to cheek for
proper AGC response and for receiver front-end overload. Each stat io n radiated approxi-
mately 100 watts of power. The position of USS ENGLAND (weak stationi ) varied in range
f ’rom 56 to 126 nautical  miles wi th  respect to NOSC. The antennas of FCDSTCP (strong
station ) and NOSC were separated by a distance of ’ 550 metres. Table 6 prese litS the resu l i t s
of this test in terms of WER , BER , and RMR ratios.

Figure 37 is a signal-strength plot taken during the 3-party liet (NOSC . FCDSTCP .
and USS ENGLAND ) tests (the PU order was N .E .F) . Figure 4 shows the equipment  set-up
for these plots in the block labeled “Signal Strength Monitor. ” The moniitor was calibrated
bef ’ore the test began by removing the anten h ia and replacing it wi th  a f requency synit i le si/ e l ’
followed by a 50-ohm variable at tenuator .  The sp ectrum-ana 1y ~er and chart-recorder settings
during calibration and data acquisition were :

input attenuation: 0 dB

Scan width : Zero
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Figure 33. BER versus Ps/Pn test set-up for the AN - SRC- 2 3 and AN .!t~RT .23~R l 0 5 l E  radios.
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TABLE 6. WEAK STATION. STRONG STATION TEST R F SL ’I T S .

Rang e
Picket WER Ratio BER Ratio RMR Ratio WE R Ratio B E R Ratio RM R R ai io I ’ G f - \  ~L’

NCS Sequence FCDSTCP FCDSTCP FCDSTCP ENGLAND ENGLAND I N ( ;LAN D 1 1 1 1 1 1 1 )

N N .E .F 17 ,40 57 .10 0.97 2 1 .000 1 .000 1 ,000 94

N N .LF 17 ,40 57 .10 0,972 1 ,000 1 ,000 1. 000 9”

N N .E F  25 ,40 7 L80 1 .000 L000 1. 000 1. 000 91

N N .E .F 8. 15 39 .90 1 ,000 1.650 1, 970 1 ,080
N N .E .F 8.15 39 ,90 1 .000 0 .975 0.858 1 ,020

N N .E .F 7 .25 13 .90 0.980 0.545 0.19 1 1 .020 70
N N ,F .E 32 .60 84.10 1 .000 1.000 1 .000 0.942 76
N N .F.E 32,60 84 .10 1 .000 l .000 1 .000 0.961 79
N N .F ,E 29 .30 60,90 1 .000 1 .000 1. 000 0 .922 S3
N N ,F,E 29 .30 60.90 I .000 1 ,000 1 ,000 0 ,904 87

N N .F ,F 34.30 84,10 1 .000 1 .000 1 .000 0.942

N N .F.E 34,30 84.10 1 .000 1 .000 1 .000 0.942 84
N N .F E  2.~40 52 .10 1 .000 L X IO 2 , 2 2 X i U 2 0.962 86

F F E ,N 27.10 222.00 0,890 2.380 3.010 1 .000 85
F F,E ,N 3.67 3.51 1 ,000 1, 060 1, 020 1 .000 92
F F ,E ,N 26,60 252.00 1 ,000 0.9 15 t1939 1 .000 97
F F .E ,N 2 1.20 194 .00 1 .070 0.619 0.612 0.980 10 1
F F,E ,N 2 1.20 194 .00 1.100 0,677 0.657 0.980 103
F F.E .N 19 .20 179 .00 0.934 1 .340 1 .330 1 .000 107
F F. N .E 23.20 236.00 1 .040 0.965 0.988 1 .000 112

F F ,N .F 23.20 236.00 1 .000 1 .230 1, 21 0 1 .000 115
F F.N .E 191.00 2. X l 0 ~

3 0.815 1 .700 1.720 0.980 120
F F,N ,E 191,00 2 . X I O ~

3 0.743 1 .630 1.670 0.980 123
F F,N,E 9.82 99 .50 0.923 1.170 1.160 1 .000 126
F F,N,E 25 .00 238.00 1.050 0.825 0.775 1 .000 —

41

a- 
_-_-_.-~~~~ - - _- -- --

~~ - :‘--- __t _ _ _ _ _ - - —-— ---- — -- — -_- - ,--__ 



Q.
LI

LI I—
Vi Vi
O 0

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ :‘
~~ ~~~~~ 4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
- - . - - - : Si .: . - . - .:..~~~~~~,, . - - ,~~ - . I

~~~~~~~~~~ - .- : . - :. : , ~~~~~~~~~~~~~~~~~~~ ,

- - - ~~~~~~~~~~~ 
:.
‘
... .: ~

‘
: . .... .: . : ‘ - :.. .

‘ -

VI r .—. 
~ .=:~-

- - - .- ~~~~~~ -(
- 

~
- I 

- ‘

— . - : - -. - - 
-

, 
- - 

-- ~~~~~~~~~~~~~~~~~~~~ - - -~ -~~
_ _ _  - -~-~~~~~~

- . 
.... _

i. ~~~~~~~~~~~~~~~~~~~~ -: ~~ 
- 

~
- - - -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ - - -.:~~.
- -. :;iitiiii . -

~~~~~~~~~~~~~~~~~ -- - -  .-__________ 
. ~:.  . ‘ . .:: ~. ‘ ~~~~~~~~~~~~~~~~~~~~~~

-:  - ~~~~ 
- .. 

~~~~~~~~~~~~~~_‘

,~~~~~

__ 

~~~
“

~~~~~~~~-iiL -~~~~ 
.- - . . . - . . . :   ~~~~~~~~~ ifi t~~~ r

- - ~~,i.r*i 

~ 
I  

- -— ~~~~~~~~~~~~~
- - ,

:  
. .~~~~~:... : 

-

- - 
. . .‘ — _, . ..._. _~,:-~~~Ei~ ‘F~~~

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~

‘ ‘  ~~~~~~ -
~~: r -~r ~- ‘..-.   

-
. 

. 7  - -. ..~~~. ~~..: - .~. .  ~~~ , ‘-‘~~~:. 
Z

- - 
- 

- - ‘ “   .‘;~~ ,-,.: ‘;;. - 
.,~~r.z 

~~~~~
_________ I ~i

- 
‘
~- .i .: ‘ .:~~~~~~- - - 

— 

~~~~~~~~~~~~~~~~~- - ‘—  — - 

=   p 

— — . .. — —  ., . : i ~~~~ ~~~~V” l
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~ 

- - -

~ 
-
~—~—.

— 
I U I - — - ..

~~ 
I

-

M~ :.~:i 
~~~~~ ~~I~~!IIII 

:: - - . U,~: ‘ - 
- .~~ 

: -  ..-- - ,. .  -
~~~ - .,: .~4i: I’’

- -k ~ ‘-~ i

- --

I. 
- - 

-f

‘t~ In. I ~~~I~PI a I ~~i

~ 1~~~~~~~~~ L~r1 ~~~~~~~~~ 
. -I .l

- I

~~~ 
., .. - _I - I.

- -. ~ ~i.~aij -~ - -~~ I —

cI. ~~ plr- - 
- ~ ~4 1

- .- - . -   
- - - - - . ‘~~1.

.ir - ji  144~.I .~,:- i~. ’- .- -~~ - ~~ - -

.~~ i-~j -e ~~~~~~~~~~~ 
- - .

~ 
. . ‘ - -  s -I.-

~~

. • ,  

~~~~~~~~~~~~~~~~~~~~ 
• .‘

- 
., .: . - - . - ~~ ‘-

- .  ~~~~~   ‘ - - -. - ? ‘
~~~~“

-t .:~ 
h ~- ~

- . ..
~~ - -  

- 4 _,
~i.

•1 -
- . 

. .- 
-

:~ 
r1tiIJi~~~~’

~~c ~
-.•. Ii

~ 

‘ - ..

42

- - —~~~~~~-- -  --- - - - - - - - .-- _ - - -



Bandwidth : 1 kHz
Scan t ime:  5 Ms / Div .
Log reference level: — 10 dB
Chart speed: 2.5 cm/ nl inute

In this example . the USS ENGLAND was 56 I ia u t i ca l  miles from NOSC alhd ilad a signal
Str engt lh of approximately  35 dBm below the signal level froni FCDSTC P ( t i le  strong
statio n ] ). Note tb -at the si gnna l  from the ship was approximately  I 5 dBni above t u e  nloise
level.

ANALYSIS AND CONCLUSIONS

DIFFERENCE-IN-PERCENTS VALUE
Table 7 summarizes tile receiver and t ransmi t te r  radio stat ist ics displayed in the all-

frequencies WER , BER , and RM R h istograms and cu lniula t ive  d is t r ibu l t ions .  Table 8 sum-
marizes the  receiver aiid t ransmi t te r  radio sta t i s t i cs  at ind iv idu al  test frequencies , prese nted
in the Appendix A Il istogr ahi is. Both of these tables cont a in a calculated va lue ,  difference
iI i percents. which is equlal to:

(Percent of Ratios > I ) — (Percent of Ratios < I I

for each receiver anid t ransnii t ter  category of WER . BER , and RMR and which represents a
measure of relative radio performance.

TABLE 7. RELATIVE RADIO PERFORMANCE OVER ALL FREQUEN CIES.

AN/URT.23
Radio Percent of Percent of Difference AN/ SRC-23 (A N / R lO 5 l E )  Number

Component Ratios Ratios >1 Ratios <I in percents Better Better of Ratios

WER 20,4 14.6 +6 x 240
Receiver BER 17.3 12.1 -1-5 x 23 1

RMR 28.9 16.7 + 12 x 239

WER 30.5 41.8 —11 x 239

Transmitter BER 25.5 39.3 —14 x 196
RMR 49 .8 32.8 +17 x 229
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TABLE 8. RELATIVE RADIO PERFORMANCE.  I N 1) I V I I ) U  AL FR E QUEN ( ’IE S.

Percent Percent Differ- A~~ t RT - 3 N umber
Frequency Radio of of erence in ‘~N SR( -23 R I O S I E

( MIl i ) Con]p onent Ratios Ratios ~
- I Ratios < i Percents Better Better Ratios

WER 51.6 9 .7 +42 -\ 31
Receiver BER 58 . 1 3.2 +5 5 x 31

RMR 36.7 40.0 —3 x 31

WER 39 .3 14 .3 +2 5
Transmit ter  BER 39 .3 14 ,3 +25 x 28

RMR 43.5 43_ S 0 23

WER 18 .4 6.9 + 11  x 87
Receiver BER 14.9 6.9 +8 x 87

RMR 12. 8 18 .6 —6 x 86
4 - 5

WER 36.3 40.0 -4 x 80
Transmitter  BER 16.4 45.9 -30 x 61

RMR 4 1.8 29 .1 + 13 x 79

WER 3.5 23.3 —20 x 86
Receiver BER 2.4 18.1 —1 6 x 83

RMR 39 .5 6.2 +33 x 81

WER 21.3 4 1.6 —20 x 89
Transmitter BER 20.2 42.7 — 22 x 89

RMR 56.5 27 .1 +29 x 85

WER 68 .8 25.0 +44 x 16
Receiver BER 60.0 20.0 +40 x 10

RMR 59.1 22.7 +36 x 22

WER 223 77.3 —55 x 22
Transmitter BER 3

RMR 68,2 31.8 +36 x 22

WER 15.0 10.0 +5 x 20
Receiver BER 5.0 25.0 —20 x 20

11 .5 RMR 10.0 10.0 0 20
&

15 .6 WER 45.0 50.0 —5 x 20
Transmitter BER 60.0 40.0 +20 x I S

RMR 40.0 60.0 — 20 x 20
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The sign ot ’ the  value  i n d i c a t e s  w il ich r eceiver or t r a l l s m i t t e r  is Il lost l i ke ly  to be
associated w ith the  larger W I - . R . B ER.  or RM R rate .  TIle I f l ag l l i t U de  of t l l i s  at t i c is r c l , i teu l
to t he p r o bab i l i ty  th a t  the  receiver or t r a n s m i t t e r  associated w i t h  the larger ra ’cs ~ il l
e \per ie nc e  a larger rate t h a n  the  other  i cce ive r  or t r a l l s i l l i t t e r  o~ cr t u e  spec t rum of op e r at i i lg
c o n d i t i o n i s  en l c ou in t e red  in tIle tests .  I) i i ’fen ’enc e— in- p er L ent s  ~alui e s are more m e a n l i n g l u i  t han
nl e . i n l— r a te  ra t ios  il l an unstable  test e l l v i r o l l l l l e l l t  (see secti Oll  r’ I l t i t lCd  RAI)I () ( ( ) M  PAR I S(  )N
I)A TA) where a smal l  nu i l l lb er  of very large or ~er~ smal l  ra t ios  t ii a~ ui n d ul ~ i n f l u e n c e  a
mea n—rate  rat io.  Also . mean WER or BE R ratios are in Iluenced by tIle suhs t i tu i t  iOn l of tI le
arbi t rary  va lue I 0~~ for WI - . R or BER va luies of ,ero in ra t io  ca l cu i la t i o l l s  i l lvo l v i l lg  one \\ I R
or BER value of zero.

A posit ive difference—in-percents  va lue in a \~ E R  or B E R categ ory indicates  tha t  tI le
error rate encountere d in the use of the A N R  105 1 E or AN i ’RT -23 is l ike ly  to hi’ hi gher
t l l an  the  error rate experienced u in der ident ica l  o p e r a t i n g  condi t ions  ~v i t h i  t he  AN S RC-23.
Conversely , a negative differ en ce-in -perc ell t s  value in a WER or BF. R category impl ies  tha t
the  error ra te  experie l ice d in uise of the  A N R  I 05 1 1: or AN URT -23 is l ike ly  to be smaller
than  tile error rate encountered w i t h  the  AN/ SRC -23 ul l ider tile 5~Ifl C condi t ions .

A positive difference - in- p ere cll ts  value for receiver or t ransmi t te r  RM R indica tes  t h a t
fewer messages are l ike ly  to he missed in use 01 tile R 10 51 F or AN/URT -23 ti lal l  in use of
the AN/ SRC-23. Conversely , a negative u Iii ’fe r ence- in-p ercent s va luie in an RMR category
implies t l la t  more messages are l ikely to he Illis sed w it i l  the A N / R I  05 1 F or AN URT-23 t I la l l
w i th  ti le AN SRC-23.

RELATIVE RECEIVER PERFORMANCE (ALL FREQUENCIES )
From table 7 . receiver WER difference-in-percents  va luie is less than  +6 percent aiid

receiver BER di l terenee - in -percents value is greater than  +5 percent. These values are in
close agreement ,  expected with  240 WER ratios and ~3 I BER ratios available alid together
imply  tile l ikelihood that  data received with - i  the AN / R 105 I i - i receiver wil l  contain more
errors than the sanie data received with tile AN/ SRC-23 receiver. This likelihood is small hult
(hoes exceed the ant ic ipated experiniental  error of 2 percent dif t ’erence-in-perce nts.

Receiver RMR difference-in-percents ( t ab le  7) is greater ti - i an + 12  percent ,  indicat ing
that  messages received with the A N / R I O 5 I E  receiver are less likely to he missed by the
AN/USQ-36 and AN tJSQ-59 modems t i -ian messages received with the AN/SRC-23. Ti-ic
superior RM R performance of the R I O 5  I F is considered to, at least, balance the slightly
superior data error-rate performance of the  AN/ SRC-23 receiver. RMR performance is a
par t i cu la r ly  importa l i t consideration in operations where one or more par t ic ipa t ing  u n i t s  are
u t i i i , ed  as occasional and n iomentary  net par t ic ipants .

During on-the-air tests , 50 messages were typically t ransmit ted  by each uti l t  in each
POFA exchange.  A un i t  experiencing one missed message iii one such exchange and no
missed message s in a time-adjacent exchange would calculate an RMR ratio of either 0.98
or I .02 from the two excilanges. The difference in data loss between the two exchanges.
assunilng the  WERs were identical øn the exchanges, would then be equivalent to the di t ’fer-
ence in data  loss encountered wi th  a WER difference of 2 X io_ 2 on two such exchanges
wilere messages were not missed. Missed messages degrade tile data rate of 2250 bps (fast
data rate )  to a smaller e ffective data rate.
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Several types of NTDS messages, eg. subsurface track m essages and track-
ampl i f i ca t ion  messages. are t ransmit ted in every t ilree or more transmissions. Accordin gly.
uni ts  employing receivers associated with smaller RMRs face a greater probabi l i ty  ot ’ iiever
receiving certain types  of messages tiian units  equipped wi th  receivers associated with larger
RM Rs . under degraded l ink conditions.

RELATI ~‘F TRANSM lITER PERFORM ANCE (ALL FREQUENCIES )
Transmit ter  WER difference-in-percents ari d t r ansmi t t e r  BER di f terence-in-percents

iii table 7 are less than — I I  percent and greater than — 14 percent , respective ly. TIle sim-
ilar i ty  of these values implies tha t  data t ransmitted with - i  the AN/SRC-23 are likely to be
received wi th  more errors than ti -i c same data t ransmit ted with the AN/URT-23. TI-ic l ike li -
hood of suc i -i occurrences is twice the likelihood of the R I  051 E receiving ( 1-at -a Witi l  more
errors than the AN/ SRC-23 receiving the same data. Again , ant icipated experimental  error
is expected to account t’or 2 percent iii difference-in-percents.

FIle t r ansmi t te r  RMR diffe rence-in-percents valuie of +17 implies t h at messages
transmit ted  wi t h  the AN/URT -23 are less likely to he missed by receiving AN/SSQ-29 alid
A~~/USQ-36 modems than  ~iessages transmitted wi th  the AN/ SRC-23 , Unlike t u e  receiver
ratio s ta t is t ics . ti’i e t ransmit ter  WER and HER ratio statistics support the t ransmit ter  RM R
statist ics in defining the Link 11 performance of tl’i e AN /URT -23 t ransmit ter  to be superior
to that of t i e  AN/ SRC-23 transmit ter .

The all-frequencies histograms and cumulat ive d is t r ibut ions  display a tendency for
receiver (NOSC I WER , BER , and RMR ratios to spread out over a smaller spectrum of ratio
values than transmitter  (at ship) rat ios. Transmitter  ratios are also less likely to be un i ty  than
receiver ratios. This is reflected in larger t ransmi t te r  values t h an receiver values under similar
“percent of ratios < I ”  and “percent of ratios > I ”  headings wi t l - i in  t u e  same WER , BER , or
RMR categories in table 7.

RELATIVE RADIO PERFORMANCE ( INDIVIDUAL TEST FREQUENCIES )

FREQUENCY OF 3.4 M h z
Receiver WER and BER dit ’ference- in-percen ts values in table 8 imply that data

received by the R I  05 I E are likely to contain more errors than the san-ic data received by the
AN/SRC-23. Transmitter difference-in-percents values indicate that data transmitted with
the AN/URT-23 are likely to be received with more errors than the same data transmitted
by the AN/SRC-23. Tile difference-in-percents magnitudes in these categories exceed t u e
rather large experimental error levels anticipated with these small-ratio sample sizes. Trans-
mitter RMR difference-in-percents value is zer~ and receiver RMR difference-in-percents
value is less than half the magnitude of the anticipated experimental error. The Link I I
performance of the AN/ SRC-23 is found to be superior to that of the AN/URT-23/R1051 E
at 3.4 MHz on the basis of data error rates.
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FREQUENCY OF 4.5 MHz
Receiver WER and BER diffe rence-in-percents vaiu i es m i  table 8 imp I ~ t l at data re-

ceived with - i the R I O 5 I E  are likely to contain niore errors ti -ian the s-an - i - i c data receiv ed wi th  the
AN/ SRC-23. The receiver difference-in-percents indicates t i a t  messages received W it i l  t IIC
R I O 5 I E  are more likely to be missed than the same messages reee ised svi t i l  t i le AN SRC-23.

Transmitter WER anid BER diffe rence-in-pe rcents salt ies in i lpI ~ t h a t  data  t r ansmi t t ed
with the AN/URT-23 are likely to be received with  less errors than the san -ic da ta  t ransmit ted
with the AN/ SRC-23. WER and BER diffe rence-in-percents value s are generally expected to
diffe r by less than the sum of t h e  anticipated exper imeni ta l  errors calculated t ’ronl the \ V I R
and BER ratio sample sizes. Several ot’ the 4 ,5-MHz ratios were calculated from POFA ex-
changes wi th  a ship whose printouts  consistentl y reported sizable word-error rates  an l d b i t -
error rates of zero. These BERs were rejected as inconsistent with the reported WERs.
resul t ing in several less BER ratios avai l - able  for analysis  ti - ian - i WI - Rs ari d a larger dif fe renic e in
WER an-i d BE R difference-in-percents magnitudes thani expected t’rom sample si/e s at th is  t ’re-
quency.  The t ransmit ter  difference-in-percents valu ies indicate ti at messages t ransm it t eu l  wi th
the AN/URT-23 are less l ikely to be missed ti - ian the messages t ra n smi t teu l  wi t h - i  the AN/ SRC-23.
Diffe rence-in-percents values exceed or equal (t ransmit ter  W E R )  anticipated experimental
error in all categories.

Ti-ic Link 11 performance of the AN/ SRC-23 receiver was superior to ti at of the
R l O 5 l E  receiver while the performance of the AN/IJRT -23 t ransmi t te r  was superior to that
of the AN/ SRC-23 transmitter .  Overall , the two radios are considered to perform equally at
4.5 MHz.

FREQUENCY OF 5.9 MHz
Difference-in-percents values in all receiver and transmitter  perfo rmance categories at

this frequency exceed anticipated expe rimental error and favor the R I O 5 I E  receiver and the
AN/URT -23 transmit ter .  Link 11 performance of t h e  AN / URT -23 / R IO 5 I E  radio was fournd
to be superior to that  of the AN/ SRC-23 radio at 5.9 MHz.

FREQUENCY OF 9.3 MH z
Receiver WER and BER difference-in-percents values m i  table 8 imply that data re-

ceived with the R I  05 1 F are likely to contain niore errors ti - ian the same data received with t i e
AN/SRC-23. The receiver RMR difference-in-percents values indicate that messages received
with RIO5IE are more likely to be missed than messages received with the AN/SRC-23.

Considerably more receiver WER ratios than BER ratios were available for analysis.
Most of these data (figures 12 and 13) we re taken at separation range s between 120 and 220
nautical miles using the NOSC AN/USQ-59 modem. At these ranges , the modem signal-
quality detection circuit occasionally interrupted the flow of data during the last 100 words
of the POFA messages used for bit-e rror analysis. Word-e rror rates could be recove red with
reasonable confidence from interrupted exchanges in cases where a sufficient number of
words were received. Bit-e rror rates were not recoverable as often as word-error rates.

Transmitter WER diffe rence-in-percents values imply that data transmitted with the
AN/ SRC-23 are likely to con tain more errors than data transmitted with the AN/U RT-23.
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Ti-ic t ransmit ter  RMR diffe rence-in-percents values indicate tha t  messages t ransmit ted wi th
the AN SRC-23 are more likely to be missed than messages transmitted wit h - i the AN/URT-23.
il-ic t ransmi t te r  BER ratio sample size was l imited to the extent  that  a difference-i n -percents
calculation was not reasonable. Lack of BER ratios was discussed earlier (FREQUENCY OF
4.5 MH z ) .  l)iffe rence-in-percents values exceeded expected experimental  error in all categories
whe re ca l cul ated.

The Link 11 per f orma n ce of t u e  AN/ SRC-23 receiver was superior to that  ot’ the
R l05  I F  recei s-er and tile performance of the AN/ URT-23 transmit ter  was superior to that  of
t h e  AN/ SRC-2 3 t ransmi t te r .  Overall , the two radios are considered to perform equally at
9.3 MHt ,

FREQUENCIES OF 1 1.5 AND 15.6 MHz
Six ratios we re calculated from the 1 5 . 6 - M H z  data and 14 ratios from the I 1.5-MHz

data iii all categories save t ransmi t te r  BER. These ratios were combined in the Appendix A
histograms and in tab le 8 t’or display purposes Small sample sizes combined with small data-
error rates made it impossible to compare relative radio performance with any degree of con-
Iideiicc at these frequencies

POFA pr in touts  on I 0’~ received words or less often report few or no bit errors when

word-e rror rates are of ti - ic order I o—~ or smaller. These incidences occur because errors are
too i n f r e q u e n t  to be distr i hu ited evenly throughout  the received messages ari d because word
errors are reported on all  230 words of a POFA message while bit errors are reported only on
t he last 100 words.  This explains  w h y  ti - ic si gns of t i e  WER al-id BER difference-in-percents
disagree in both receiver and t r ansmi t t e r  categories at these frequencies. Had word-error
rates of t hi e order i0 3 or greater beer-i encouintered or hi -ad large r ratio sample sizes been
ava ilable ,  these WE R an - id BER difference-in-percents values would be expected to agree in
si gn a n d to ag ree c l osel y in magnitude.

In summary,  relative radio performance at discrete test frequencies varies with the hf
carrier f requency. The variations in relative t ransmit ter  performance are most likely to re-
stilt f rom variat ions in relative t ransmit ter  average power output from one test frequency to
another.  Records of t ransmit ter  output  power at diffe rent frequencies were not kept and a
correlation between relative output power and relative transmitter performance cannot be
made from these data. Variations in relative receive r performance with test frequency are
more diff i cult  to assess and are not explainable at this time.

COMPARISO N OF BER , WER , AND RMR VERSUS Ps/Pn CURVES
Filtere d white noise added to t h e  received audio signals of the AN/ SRC-23 and AN!

URT-23/R 1051 E results in some separation of the BER . WER , and RMR versus Ps/Pn
curves associated with these radios. The WER curve of the AN/URT-23 1R 105 1 E moves to
the left of the curv e of the AN/ SRC-23 above 9 dfl Ps/Pn . Maximum separation in Ps/Pn
approached 0.3 dB and WER ratios approach a minimum of 0.65 at 16 d B  Ps/Pn . WER
ratios were always less than uni ty  above 9 dB Ps/Pn .

The BER curv e of the AN/URT -23 ,/R 105 1 E was found to be always to the left of the
BER cui rve for the AN/SRC-23. Maximum separation in Ps/Pn approaches 0.8 dB and BER
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rat ios approach a m i n i m u m  of 0.53 at 16 dB Ps Pn. B I R  ratios ~ cri ’ t ’ound to be less than
‘~‘t i t \  at all Ps - Pn values.

The RMR curve of t i - ic AN - t J R T - 2 3 / R i  051 F was a l w a y s  to ti - ic left  of ti - i c AN SRC-23
RM R curv e for P s— Pn less than 8 dB. ~1axi Il i u ln l i  Ps/Pt-i separat ion approaches I dB an - id RNI R
ratios approach a ~~~X~I llUfl l  01’ 1 4  at 4 dB Ps/Pn .

Note tha t  in figures 34. 35. and 36. the curves I’or t he -\N L 1SQ- SQ modem (hack-to—
back ) t’ollow closely the curves t ’or ti - ic AN/USQ-36 niodelll (h a c k - t o - h a c k )  above a P5 , Pu of
12 dB butt  deviate greatly fron i ti - ic AN/USQ -36 curves below 1 2 dB . Thi s  is due . again,  to t Ile
si gna l -qua l i t y  coiit r ol c i r cu i l t  of t i le  AN IJSQ-59 .

RECEIVER AGC COMPAR ISO N
TI-ic AGC actions of ’ tIle AN - SR( ’-23 and R I  05 1 1- receivers were tested in ti -ic weak-

s ta t io n , s t rong—stat ion operations. Ne t-control  assig l lment an - i d PU Interrogat ion sequen ce
were va ried to allow recei ver release and a t t ack  t ime s  to h iave t hi e m J \ i n i lu m  Possible influ-
ence on WER . BFR. and R M R  in Link I I  operations.

The word—error rate ratios calcul ated from POFA tllcssages recei~ ed by tile R I  05 1 F

receive r indicate that  a baseline word—error ra t e  of ap p r o \ l m a t c !~ 3 X I 0 ’~ is experienced
wi l l -i data received I’rom ti -ic strong stat ion (550 metres  froni NOS(’ ). Thi s phenomenon is
re flected in the observatio ii t h a t  receiver WFR ratios calculated oi-i data  recei ved frOn I
FCDSTCP always exceeded u n i t y .  Simi l ar ly .  a baseline bi t-error rate of approximate l y

8 X i O~~ was associated with strong-station data received by t i e  R lOS I E These basel ine
error rates are independent  of ’ NCS assignment or PU interrogat ion sequience. It  was also ob-
served tha t  the ratios calculated on data received f rom ti -ic weak stat ion equalled per f ’ornnani ce
by the R 1O51 E and the AN/SRC-23

The baseline error rates experienced with ti -ic R I  05 I F rec eiver are not dire to receiver
AGC action. Rather the Ri  05 1 E receiver has a t’ront -end overload problem c l ippi n ig of’ very

strong sign als ) not found with the AN/SRC -23 receiver. Ti-ic AGC action of ’ the R 105 I F  re-
ceiver was found to be equivalent  in perfo rmance to that  of the AN -SRC -2 3  and is suitable
for the Link I I  application.

RECOMMENDATIONS
Based upon the analyses of data obtained dur ing  the Link I I  pert ’ormance comparison

tests of the AN/SRC-23 and AN/URT -23 /R 105 1 E radios the following recommendations
are made:

I .  The modified AN/URT -23 1R 1051E should be incorporate” into the NTDS Link II
assets of the Fleet. The overall performance of this radio , its reliabili ty and cost . make it  an
excellent candidate to augment and replace existing transceivers in the Fleet. Much of the
Fleet already uses AN/URT -23 transmitters and R I O S I E  receivers : by coupling them with a
data adapter , the combination can be used very successfully in the Link I I  system:

2. The ANIUSQ-59 and AN/ACQ-5 modems should be fitted with a front-panel
switch to disable their signal-quality detection circuits. These circuits are functionally incom-
patible with the Link I I  POFA and should be disabled when this progra m is run:

- 
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3. It is recommended that the POFA patch (developed by UNIVAC for NOSC) en-
abl ing the CP-642A/B compui t er  POFA to ou n tpu i t  directly to the R0280 high-speed p r in t e r
be made available to the Fleet. This patch is particuilarl y usefu l wheii runn in g POFA s w i t h
aircra ft . With tiii s patch , a pr intout  can be obtained in a matter  of a few seconds (r a the r
than several minutes ) ;  arid

4. It is further  recommeiided tiiat the front-end overload of the R I  051 F recei ver
caused by extremely strong signals be investigated and , it ’ possible, corrected.
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APPENDIX A:

HISTOGRAM S AT INDIVIDUAL FREQUENCIES
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70 -

60 -

50 - FREQUENCY: 3. 4 MH~ 12 RATIO S EQUAL TO 1
HI STOGRAM 3 RATIOS LESS THAN 1
RATI OS OF ADJACENT WORD-ERROR 16 RATIOS GREATER THAN 1
R AT ES AT N OSC

40 -

U-
C
LU

~ 30 -

z

::
0.01 0.1 0.825 1.21 10 100

WORD-ERROR RATE R1051 ÷ WORD-ERROR RATE AN/SRC -23

70 -

60 -

50 - FREQUENCS’ : 3.4 MHz I 2 R A T I O S EQU A L TO 1
HI STOG R A M  1 RATI O LE SS THA N 1
RATIOS OF ADJACENT BIT-ERROR 18 RATIOS GREATER THAN 1
RATES AT NOSC

~ 30 -

2

20 -

10 -

0 —~~~~~~~ I I I I—i.___ i -
0.01 0.1 0.825 1.21 10 100

BIT-ERROR RATE RiOSI ÷ BIT-ERROR RAT E ANISRC.23
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70

60

50 . FREQUENCY . 34 M H, 7 RATIOS EQUAL TO 1
HISTOGRAM 12 RATIOS LESS THAN 1
RATI OS OF ADJACENT RECEIVED-MESSAGE 11 RAT IOS GREATER THAN I

I— RATES AT NOSC
40 -

U-
0

LU
~ 30 -

z

20 -

10 —

0 — I J—~~~ I —

0,01 0.1 0.825 1.21 10 100

RECEIVED-MESSAGE RATE R1051 ÷ RECEIVED .MESSAGE RATE AN/SRC -23

70

60 -

50 - FREQUENCY: 3 4 M H z  13RAT IOS EQUAL TO 1
HI STOGRAM 4 RATIOS LESS THAN 1
RAT IOSOFADJACENT WORD .ERROR RATES 11 RATIOS GREATER THAN 1

I— AT THE S HI P
40 -

~ 30 -

2

2 0 -

10 -

i-ri
0.01 0.1 0.825 1 .2 1 10 100

WORD-ERROR RAT E AN/U RT-23 ÷ WORD-ERROR RATE AN/SRC-23
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70 -

60 -

50 - FREQUENCY.  3 4 M H ,  13 RATIOS EQUAL TO 1

- 
HISTOGRAM 4 RATiOS LESS THAN 1
RATIOS OF ADJA CENT BIT - ERR OR RATES 11 RATIOS GREATER THAN 1

I- AT THE SHIP
< 40 -

U-
0

LU

~ 30 -

2

20 -

10 -

-
~ i 

~~~~~~~~~~~~~~~~~~~ i ‘ .- I - r~~
j

0.01 0 1  0.825 1. 21 10 100

BIT-ERROR RATE AN/U RT-23 ÷ BIT-ERROR RATE AN/SRC-23

70 -

60 -

50 - FREQUENCY: 3.4 MHz 3 RATIOS EQUAL TO 1

HISTOGRAM 10 RATIOS LESS THAN 1
RATIOS OF ADJACENT RECEIVED-MESSAGE 10 RATIOS GREATER THAN 1

I— RAT ES A T T H ES H I P
~~~4 o -
U.
0

LU
~ 30 -

2

20 -

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

0.01 0.1 0.825 1.21 10 100

RECEIVED-MESSAGE RATE AN/URT-23 ÷ RECEIVED-MESSAGE RATE ANISRC-23
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70 -

60 —

50 - FREQUENCY: 4.5 MHz 65 RATIOS EQUAL TO 1
HISTOGRAM 6 RATIOS LESS THAN 1
RATIOS OF ADJACENT WO~~D .ERROR 16 RATIOS GREATER THAN I

I- RA TES AT NOSC
< 40 -

U-
0

LU

~ 30 -

2

20 -

0.01 0.1 0.825 1.21 10 100

WORD .ERROR RATE R 1051 ÷ WORD-ERROR RATE AN/SRC .23

70 — —

60 —

50 — FREQUENCY: 4.5 MHz 68 RATIOS EQUAL TO 1
HISTOGRAM 6 RATIOS LESS THAN I
RATIOS OF ADJACENT BIT-ERROR 13 RATIOS GREATER THAN 1

I- RATE S AT NOSC
~ 40 -

U.
0

LU
~ 30 -

z

20 —

10 —

0 I r—11........,...- I I
001 0.1 0.825 1.21 10 100

BIT-ERROR RATE R105 1 1 11-ERROR RATE AN/SRC-23
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86~~.
70 -

60 —

50 - FREQUENCY: 4.5 MHz 59 RATIOS EQUAL TO 1
HISTOGRAM 16 RATIOS LESS THAN I
RATIOS OF ADJACENT RECEIVED- 11 R A T I OS GR EATER T H A N  1

40 - 
ME SSAGERATES AT NOSC

30 -

z

20 —

10 —

0 —

0.01 0. 1 0.825 1.21 10 100

RECEIVED-MESSAGE RATE R105 1 ÷ RECEIVED-MESSAGE RATE AN/SRC-23

70 —

60 —

50 - FREQUENCY: 4.5 MHz 19 RATIOS EQUAL TO 1
HISTOGRAM 32 RATIOS LESS THAN 1
RATI OS OF ADJACENT WORD-ERROR RATES 29 RATIOS GREATER THAN 1

I— AT THE SHIP
40 -

30 -

2

20 —

0.0I 0.1 0.825 1.21 10 100

WORD-ERROR RATE AN/URT -23 ÷ WORD-ERROR RATE AN/SRC-23
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70 -

60 -

50 - FREQUENCY : 4.5 M H z  23 RATIOS EQUAL TO 1
HISTOGRAM 28 RATIOS LESS THAN 1
RATIOS OF ADJACENT BIT-ERROR RATES 10 RATIOS GREATER THAN I

I— AT THE SHIP
< 40 -

U.
0

LU

~ 30 -

2

20 -

10 -

r- i - f1 ‘ i i i  r II ... l ~~~~I l i i i I
0.01 0.1 0.825 1.21 10 100

BIT-ERROR RATE AN/URT-23 ÷ BIT-ERROR RATE AN/SRC-23

76 -

70 -

60

50 - FREQUENCY: 4.5 MHz 23 RATIOS EQUAL TO 1
HISTOGRAM 23 RATIOS LESS THAN I
RATIOS OF ADJACENT RECEIV ED- 33 RATIOS GREATER THAN 1

< 40 
MESSAGERATE S AT THE 5HIP

U.
0
I
w
~ 30 -

z
20

10 -

a I p l  I I
0.01 0. 1 0.825 1. 21 10 100

RECEIVED.MESSAGE RATE AN/URT-23 + RECEIVED-MESSAGE RATE AN/SRC-23
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70 -

60 -

50 - FREQUENCY: 5.9 MHz 63 RATIOS EQUAL TO 1
HISTOGRAM 20 RATIOS LESS THAN 1
RATIOS OF ADJACENT WORD-ERROR 3 RATIOS GREATER THAN 1
RAT ES AT NOSC

‘~~ 40 -
I
U.
0

LU 30 -

2

20 -

10 -

C a—( I I ~~~~
—,

0.01 0 1  0.825 1.21 10 100

WORD-ERROR RATE AN/R 1051 WORD-ERROR RATE AN/SRC -23

70 -

60 -

50 - FREQUENCY: 5.9 MHz 66 RATIOS EQUAL TO 1
HI STOGRAM 15 RATIOS LESS THAN 1
RATI OS OF ADJACENT BIT-ERROR 2 RATiOS GREATER THAN 1

I- R A T E S AT NQ SC
40 -

~ 30 -

2

20 —

10 -

0 ,—rTl-——rl--,——.i—— 
—

0.01 0.1 0.825 1.21 10 100

BIT-ERROR RATE AN/R 1051 + BIT-ERRO R RATE AN/SRC-23
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75 - —
70 -

60 -

50 - I REOUENCY 5.9 MEl.’ 44 RATiOS EQUAL TO 1
HIST OGRAM 5 RATIOS LESS THAN 1
RATIOS OF ADJACENT RE CEiVED- 32 RATIOS GREATER THAN 1
MESSAGE RATES AT NOSC

< 40 -
I
U-
0

Lii
I 30 -

2

20 -

10 -

0 I ._
—.1 

I
0.01 0. 1 0.825 1.21 10 100

RECEIVE D MESSAGE RATE AN R1O5 1 : RECEIVED-MESSAGE RATE AN/S RC-23

70 -

60 -

50 - FREOUENCY 5 9 M H z  33 RAT IOS EQUAL TO 1
HI STOGRAM 37 RATIOS LESS THAN 1
RATIOS OF ADJACENT WORD-ERROR 19 RATIOS GREATER THAN 1

I- RATES AT THE SHIP
-

I 30 -

2

2 0 -

10 —

- I ~—I I I I — 
-. -i—— r L...._ I - ._..—~~~~~~~ -_._.- - I .

0.01 0.1 0.825 1.21 10 100

WORD-ERROR RATE AN/URT .23÷ WORD-ERROR RATE AN/SRC -23

59

_ _ _  - --- -—~~~--- 
-~~~ 

—

—~~~~ 

- 
- .- - .

~~ 
_“_ 4’:_’~~ 4,. . ‘~~- p .’ - - ’



70

60 -

50 - FREQUENCY: 5.9 MHz 33 RATIOS EQUAL TO 1
HISTOGRAM 38 RATIOS LESS THAN 1
RATIOS OF ADJACENT BIT-ERROR RATES 18 RATIOS GREATER THAN 1

40 
AT TH E SHIP

30 -

2

20 -

10 -

0 L.....ri-—ru-~ ~ ~ ~ I L—I._ .I ~ 
—

~--~
—

~ ~~~~~~~~~~~~~~
0.01 0.1 0.825 1.21 10 100

BIT-ERROR RATE AN/URT-23 ÷ BIT-ERROR RATE AN/SRC-23

70 -

60 - —

50 - FREQUENCY: 5.9 MHz 14 RATIOS EQUAL TO 1
HISTOGRAM 23 RATIOS LESS THAN 1
RATIOS OF ADJACENT RECEIVED- 48 RATIOS GREATER THAN 1
MESSAGE RATES AT THE SHIP

40 -

30 -

2

20 -

10 —

0 I I I
0.01 0. 1 0.825 1.21 10 100

RECEIVED-MESSAGE RATE AN/URT-23 ÷ RECEIVED-MESSAGE RATE AN/SRC-23
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70 -

60 -

50 — FREQUENCY: 9.3 MHz 1 RATIO EQUAL TO 1
HISTOGRAM 4 RATIOS LESS THAN I

0 RATIOS OF ADJACENT WORD-ERROR RATES 11 RATIOS GREATER THAN 1

40 - 
AT NOSC

I 30 -

2

20 -

10 -

0 i r ,  —..1~ i p—i- 1 I
0.01 0.1 0.825 1.21 10 100

WORD-ERROR RATE AN/R 1051 ÷ WORD-ERROR RATE AN/SRC-23

70 —

60 —

50 - FREQUENCY: 9 .3MHz 2 RATIQS EQUALTO 1
HISTOGRAM 2 RATIOS LESS THAN 1
RATIOS OF ADJACENT BIT-ERROR RATES 6 RATIOS GREATER THAN 1
AT NOSC

40 -

I 30 -

2

20 —

10 -

0 11 - r—i i I

0.01 0. 1 0.825 1.21 10 100

BIT-ERROR RATE AN/ RiOS i ÷ BIT-ERROR RATE AN/SRC -23

61

~~ r — — - - ----- —r- ’- —_--- ‘
.-~ . . 1, ,  ,4.-.,, . ,,.



70 —

60 —

50 - FREQUENCY: 9.3 MHz 4 RATIOS EQUAL TO 1
HISTOGRAM 5 RATIOS LESS T H A N  1
RATIOS OF ADJACENT RECEIVED-MESSAGE RATES 13 RATIOS GREATER THAN 1

I- A T N OSC
< 40 -
I
U.
0
I
LU
I 30 -

2

20 -

- 

I I I
0.01 0.1 0.825 121 10 100

RECE IVED ’MESSAGE RATE AN IR1O51 ÷ RECEIVED-MESSAGE RATE AN /SRC-23

70 -

60 —

50 — FREQUENCY: 9.3 MHz 0 RATIO EQUAL TO 1
HISTOGRAM 17 RATIOS LESS THAN 1
RATIOS OF ADJACENT WORD-ERROR RATES 5 RATIOS GREATER THAN 1

I- AT THE SHIP
40

I 30 -

z
20 —

1: —

0.01 0.1 0.825 1.21 10 100

WORD-ERROR RAT E AN/URT-23 ÷ WORD-ERROR RATE AN/SRC-23
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70 —

60 —

50 - FRE QUENCY : 9.3 MHz 0 RATIO EQUAL TO I
HI STOGR A M  1 R A T I O LE SS T H A N  1
RATIO S OF ADJACENT BIT-ERROR RATES 2 RATIOS GREATER THAN 1
AT THE SHIP

40 -

30 -

z
20 -

10 -

o I I I i—I—i I
0.01 0.1 0.825 1.21 10 100

BIT-ERROR RAT E AN/URT-23 ÷ BIT-ERROR RATE AN/SRC-23

70 -

60 -

50 - FREQUENCY: 9.3 MHz O RATIO EQUALTO 1
HISTOGRAM 7 RATIOS LESS THAN 1
RATIOS OF ADJACENT RECEIVED-MESSAGE 15 RATIOS GREATER THAN I
RATES AT THE SHIP

40 -

I 30 -

2

20 -

0.01 0.1 0.825 1.21 10 100
RECEIVED-MESSAGE RATE AN/URT-23 ÷ RECEIVED-MESSAGE RATE ANISRC-23
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70

60

50 FREQUENCY 11. 5 & iS.6 MHZ 
1 5 RAT IOS EQUAL TO 1

HISTOG RAM 

2 RATIOS LESS THAN 1

RATIOS OF 
ADJACENT WORD .E~~~

OR RATES 3 RATI°5 
GREATER THAN 

1

AT NOSC
4 40
I
U.
0
I
LU
I 30

z
20

10

0.01 
0. 1 

0.825 1.21 
10 

100

0

WORD ERROR RATE 
AN /R1OS 1 ÷ WORD~~~~~~~ 

RATE AN/SR~~
23

70

60

50 FREQUENCY: 
ll.s& 156M ~~ 

1SRAT IOS EQUA L TO 1

HI STOGRAM 

4RATIOS LESS 
THAN 1

RATIO S OF ADJACENT BIT,ERROR RATES 
1 RATIO GREATER THAN 1

AT NO~~
I
U-
0
I
Ui
I 30

2

20

10

0.01 
0.1 

0.825 1.21 
10 

100

0

BIT .ERROR RATE AN/R IOB ’ 
BIT ERR OR RATE AN !SRC 23
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70 —

60 —

50 - FREQUENCY: 11.5 & 15.6MHz 16 RATIOS EQUAL TO 1
HISTOGRAM 2 RATI OS LESS THAN 1
RATI OS OF ADJACENT RECEIVED-MESSAGE RATES 2 RATIOS GREATER THAN 1

40 -

I 30 -

z

2 0 -  —

10 —

0 —

0.01 0.1 0.825 1.21 10 100

RECEIVED-MESSAGE RATE AN/R 105 1 -
~ RECEIVED-MESSAGE RATE AN/SRC-23

70 —

60 —

50 - FREQUENCY: 11.5 & 15.6MHz 1 RATIO EQUAL TO 1
HISTOGRAM 10 RATIOS LESS THAN 1

2 RATIOS OF ADJACENT WORD-ERR OR RATES 9 RATIOS GREATER THAN 1
AT THE SH I P

0 - - _.~~~1F1i___
~—, I I

0.01 0.1 0.825 1.21 10 100

WORD-ERROR RATE AN/UPT-23 ÷ WORD-ERROR RATE AN/SRC-23
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APPENDIX B:

SIGNAL-QUALITY DETECTION CIRCUIT INDUCED ERRO RS
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INTRODUCTION
The AN USQ-59 modem has a s igna l - quia l i ty  detect ion ci rcu i i t  t h a t  genera tes  a “loss-

oI-s i~ nal-presence signal whi enever  4 consecui t ive frames of a message are found to contain
tones whose phase angles faIl ±22.5 ° or more outside actual QDPSK phlase v a luie s.  This signal
caulses the modem to stop t ransfer  of data to the computer  and to revert to a search for Ad-
dress Codes and Start  (‘odes (see fi gure B-I ) . Word errors may be. hu t  often are not , con-
tained ill the dat :~ which were transferred to the computer  inpui t buffe r prior to this occuirrence.
Th e Sy lvania  A’~ /ACQ— 5 modem found on the P -3C ai rcraf t has a s imilar  c i rcui t , b u t uses a
more ex tens ive  set of s tandards to determine  if data are suitable for transfer. Data loss due to
pre ma tu i re  messagc te rmina t ion  never  occurs wi th  messages demodulated by ti le (‘al l ins  AN
SSQ-29 and AN USQ-36 niodeiiis since the Y are not provided with si gn a l- qu i a l i tv detection
circ u i i ts .

The creat ion of incomple t e  messages ari d the POFA software interaction wi th  these
messages is of f u n d a m e n t a l  concern in Link 11 POFA analysis. There is presently no standard-
izat ion in this  area. The P-3C aircraft  POFA pr intout  contains an analysis  of t h a t  part o1 th le
message which was transfe rred to the computer  prior to s ignal- qual i ty  detection circuit  ter-
mina t ion  of tha t  message . This printout  reports th ie number  (no t  a lways  reconcilable to tile
rest of the  report ) of incomplete  messages received by tI le P-3C. and from which part icipating
ul n i t  i t  received these messages. In contrast ,  the AN/UYK -7 POFA software interacts with
the AN/USQ-59 modem by aborting all incomplete messages received by the computer input
bu iffe r and report i n g these messages as “Received End Receive in ter rupt  But No Data Errors ”
on the POFA pr in tou t .  Data loss occurs in both these cases. however. all data contained iii
message s generating a “loss of signal presenc&’ signal are lost in the~ AN /UYK -7/AN/USQ -59
interact ion.  Use of the interrupt error makes it impossible to different ia te  these occurrences
l’rom actu ia l t’ai lure s of the t ransmit t ing  system to include computer  data in the t ransmit ted
message .

The interact ion of the CP-642-A. B compu iter POFA (originally intended for use with
the AN/SSQ-29 and ANIUSQ-36 modems) with the AN/USQ-59 si gnal quali ty-control  circuit
is d i f ferent  than the cases just discussed. This interaction was observed to inf luience data
gathered at both NOSC and FCDSTCP ( San Diego) during the STDL radio-comparison tests.
The frequency of incomplete message events was found to increase as the signal-to-noise ratio
(Ps/Pn ) decre ased , eventually making it impossible to analyze the data. This is demonstrated
in the incomp leted WER versu is Ps/Pn and BER versus Ps/Pn curves for the AN/USQ -59 modem
(fIgures 34 and 35) .  Above I 2-dBm Ps/Pn . the curves for the AN/USQ-59 and AN/USQ-36
modems were qui te  close , but below this value the AN/USQ-59 si gnal-quality circuit  produced
so many incomplete messages that data could not be analyzed.

The data became obscure d because the CP-642-A , B POFA does not recognize an in-
complete message . The assumption is made that input to the computer inpu lt buffe r has been
completed whenever a modem generated “End Receive ” interrupt  is received by the comput-
er. In real i ty ,  part or all of the last 100 words (frames ) of an incomplete 230-word POFA
message is missing from the input  buffe r and the bits in these buffe r frames remain zeroes.
The last 100 word s of POFA are checked bit-by-bit for errors by comparison with the same
100 words stored in computer memory (see figure B-2). Each bit of each unfilled frame of
the lost 100 buffe r frames which is supposed to be a one is then identified as a bit error and
each unfi l led frame as a word elTor.
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Word Octal Wor d Bits
23 21 19 17 15 13 11 9 7 5 3 1

22 20 18 16 14 12 10 8 6 4 2 0

1 037 33030 0 0 0 0 1  1 1 1 1 0 1 1 0 1 1  0 0 0 0 1 1 0 0 0
2 120 62562 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 1 0 1 1 1 0 0 1 0
3 150 30560 0 0 1 1 0 1 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0 0 0 0
4 154 53713 0 0 1 1 0 1 1 0 0 1 0 1 0 1 1 1 1 1 0 0 1 0 1 1
5 355 75370 0 1  1 1 0 1 1 0 1  1 1 1 1 0 1 0 1 1 1  1 1 0 0 0
6 231 12344 0 1 0 0 1 1 0 0 1 0 0 1 0 1 0 0 1 1 1 0 0 1 0 0
7 402 66402 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 1 0 0 0 0 0 0 1 0
8 367 24316 0 1 1 1 1 0 1 1 1 0 1 0 1 0 0 0 1 1 0 0 1 1 1 0
9 642 26506 1 1 0 1 0 0 0 1 0 0 1 0 1 1 0 1 0 1 0 0 0 1 1 0

10 323 42 101 0 1 1 0 1 0 0 1 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1
11 000 66752 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1 0 1 0 1 0
12 307 36221 0 1 1 0 0 0 1 1 1 0 1 1 1 1 0 0 1 0 0 1 0 0 0 1
13 414 76323 1 0 0 0 0 1 1 0 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 1
14 360 52537 0 1 1 1 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 1 1 1 1
15 353 46404 0 1 1 1 0 1 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 1 0 0
16 437 1 2426 1 0 0 0 1 1 1 1 1 0 0 1 0 1 0 1 0 0 0 1 0 1 1 0
17 306 42076 0 1 1 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 1 1 1 0
18 245 76111 0 1 0 1 0 0 1 0 1 1 1 1 1 1 0 0 0 1 0 0 1 0 0 1
19 044 5331 7 0 0 0 1 0 0 1 0 0 1 0 1 0 1 1 0 1 1 0 0 1 1 1 1
20 272 42147 0 1 0 1 1 1 0 1 0 1 0 0 0 1 0 0 0 1  1 0 0 1 1 1
21 666 64724 1 1 0 1 1 0 1 1 0 1 1 0 1 0 0 1 1 1 0 1 0 1 0 0
22 304 71147 0 1 1 0 0 0 1 0 0 1 1 1 0 0 1 0 0 1 1 0 0 1 1 1
23 454 47367 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 0 1  1 1 1 0 1 1 1
24 076 20164 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 0 0
25 201 56472 0 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 0 0 1 1 1 0 1 0
26 137 72040 0 0 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 1 0 0 0 0 0
27 315 17064 0 1 1 0 0 1 1 0 1 0 0 1 1 1 1 0 0 0 1 1 0 1 0 0
28 064 17534 0 0 0 1 1 0 1 0 0 0 0 1 1 1 1 1 0 1 0 1 1 1 0 0
29 155 27506 0 0 1  1 0 1 1 0 1 0 1 0 1  1 1 1 0 1 0 0 0 1  1 0
30 424 14010 1 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0
31 300 65201 0 1 1 0 0 0 0 0 0 1 1 0 1 0 1 0 1 0 0 0 0 0 0 1
32 426 72035 1 0 0 0 1 0 1 1 0 1 1 1 0 1 0 0 0 0 0 1 1 1 0 1
33 141 56575 0 0 1 1 0 0 0 0 1 1 0 1 1 1 0 1 0 1 1 1 1 1 0 1
34 064 23066 0 0 0 1 1 0 1 0 0 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0
35 454 04044 1 0 0 1 0 1  1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0
36 440 02444 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0
37 202 11543 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 0 0 0 1 1
38 620 33542 1 1 0 0 1 0 0 0 0 0 1 1 0 1 1 1 0 1 1 0 0 0 1 0
39 253 50164 0 1 0 1 0 1 0 1 1 1 0 1 0 0 0 0 0 1 1 1 0 1 0 0
40 122 22365 0 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 1 1 1 1 0 1 0 1
41 033 73001 0 0 0 0 1  1 0 1  1 1 1  1 0 1  1 0 0 0 0 0 0 0 0 1
42 526 02125 1 0 1 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 1 0 1
43 503 05163 1 0 1 0 0 0 0 1 1 0 0 0 1 0 1 0 0 1 1 1 0 0 1 1
44 735 45101 1 1 1 0 1 1 1 0 1 1 0 0 1 0 1 0 0 1 0 0 0 0 0 1
45 357 55324 0 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 1 1 0 1 0 1 0 0
46 321 13207 0 1 1 0 1 0 0 0 1 0 0 1 0 1 1 0 1 0 0 0 0 1 1 1
47 466 20442 1 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0
48 342 76343 0 1 1 1 0 0 0 1 0 1 1 1 1 1 0 0 1  1 1 0 0 0 1 1
49 562 24666 1 0 1 1 1 0 0 1 0 0 1 0 1 0 0 1 1 0 1 1 0 1 1 0
50 124 32324 0 0 1 0 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 1 0 0

Figure B-2. The I 00 “canned” words of POFA data.

70

- ~~~~~~~~~ - ‘ — ~~~~~~~~~~~~~~~



Word Octal Word Bi ts
23 21 19 17 15 13 11 9 7 5 3 1

22 20 18 16 14 12 10 8 6 4 2 0

51 766 00067 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1
52 263 70325 0 1 0 1 1 00 1 1 1 1 1 0 0 0 0 1 1 0 1 0 1 0 1
53 367 41443 0 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 0 0 1 0 0 0 1 1
54 525 06346 1 0 1 0 1 0 1 0 1 0 0 0 1 1 0 0 1 1 1 0 0 1 1 0
55 464 35326 1 0 0 1 1 0 1 0 0 0 1 1 1 0 1 0 1 1 0 1 0 1 1 0
56 421 73401 1 0 0 0 1  0 0 0 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 1
57 024 60321 0 0 0 0 1  0 1 0 0 1 1 0 0 0 0 0 1 1 0 1 0 0 0 1
58 167 54262 0 0 1 1 1 0 1 1 1 1 0 1 1 0 0 0 1 0 1 1 0 0 1 0
59 335 44064 0 1 1 0 1 1 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 0
60 124 27263 0 0 1 0 1 0 1 0 0 0 1 0 1 1 1 0 1 0 1 1 0 0 1 1
61 746 66604 1 1 1 1 0 0 1 1 0 1 1 0 1 1 0 1 1 0 0 0 0 1 0 0
62 117 40325 0 0 1 0 0 1 1 1 1 1 0 0 0 0 0 0 1 1 0 1 0 1 0 1
63 374 45465 0 1 1 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 1 0 1 0 1
64 102 67043 0 0 1  0 0 0 0 1  0 1 1 0 1 1 1 0 0 0 1 0 0 0 1 1
65 465 10221 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1
66 027 73141 0 0 0 0 1 0 1 1 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 1
67 071 51321 0 0 0 1 1 1 0 0 1 1 0 1 0 0 1 0 1 1 0 1 0 0 0 1
68 571 46020 1 0 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0
69 572 55123 1 0 1 1 1 1 0 1 0 1 0 1  1 0 1 0 0 1 0 1 0 0 1 1
70 041 42402 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0
71 256 00363 0 1 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1
72 027 62462 0 0 0 0 1 0 1  1 1 1 1 0 0 1 0 1 0 0 1 1 0 0 1 0
73 565 14105 1 0 1 1 1 0 1 0 1 0 0 1 1 0 0 0 0 1 0 00 1 0 1
74 032 46065 0 0 0  ~ 1 1 0 1  0 1  0 0 1  1 0 0 0 0 1  1 0 1  0 1
75 040 45401 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 1
76 420 04445 1 0 0 0 1  0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 1
77 511 20260 1 0 1 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0
78 533 02644 1 0 1 0 1 1 0 1 1 0 0 0 0 1 0 1 1 0 1 0 0 1 0 0
79 105 35242 0 0 1 0 0 0 1  0 1 0 1 1 1 0 1 0 1 0 1 0 0 0 1 0
80 322 22145 0 1 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 1 1 0 0 1 0 1
81 030 10037 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1
82 562 52120 1 0 1 1 1 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 0
83 560 56150 1 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 0 1 1 0 1 0 0 0
84 713 101 54 1 1 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 1 0 0
85 370 42355 0 1 1 1 1 1 0 0 0 1 0 0 0 1 0 0 1 1 1 0 1 1 0 1
86 344 70231 0 1 1 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 1
87 402 24402 1 0 0 0 0 0 0 1 0 0 1  0 1 0 0 1 0 0 0 0 0 0 1 0
88 316 34367 0 1 1 0 0 1 1 1 0 0 1 1 1 0 0 0 1 1 1 1 0 1 1 1
89 50666642 1 0 1 0 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 0 0 0 1 0
90 101 42323 0 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 1 1
91 752 76000 1 1 1 1 0 1 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
92 221 52307 0 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 1 1 1
93 323 34414 0 1 1 0 1 0 0 1 1 0 1 1  1 0 0 1 0 0 0 0 1 1 0 0
94 537 64360 1 0 1 0 1 1 1 1 1 1 1 0 1 0 0 0 1 1 1 1 0 0 0 0
95 404 62353 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 1 1 0 1 0 1 1
96 426 10437 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1
97 076 12306 0 0 0 1 1 1 1 1 0 0 0 1 0 1 0 0 1 1 0 0 0 1 1 0
98 111 26245 0 0 1 0 0 1 0 0 1 0 1 0 1 1 0 0 1 0 1 0 0 1 0 1
99 317 46044 0 1 1 0 0 1 1 1 1 1 0 0 1 1 0 0 0 0 1 0 0 1 0 0

100 147 36272 0 0 1 1 0 0 1 1 1 0 1 1 1 1 0 0 1 0 1 1 1 0 1 0

Figure B-2. (continued)
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Figures B-3, B-4 , and B-5 are presented as examples of one, 2. and 4 incomplete
messages occurring respectively in about 50 message receptions. in each of these POFA ex-
changes , the modem interrupted the data transfe r befo re the 100 words used t’or bit-error
analysis in each incomplete message was reached. Note how a par i ty  status of zero is assigned
to all of these error words , meaning that  bits 24 and 25 in the inpu i t buffe r were zeroes on
each error word . Fictit ious error words caused by the signal-q uiali ty detection circu l i t  ot ’ tile
modem do not always occur in blocks of 100 words and the exact number is u i su a ll y found
to be the number  of error-reported words with parity status zero .

In the examples shown , the error words reported on the POFA prin t ou i t  are induced
by the modem signal-quality circuit and do not represent real errors. This is not always the
case. buit is the usual si tuation. Perhaps , it is explained by observing that  a tone pIlase ang le
can be off by <±45° without  being nearer to anot i ler phase value than its truie phase . Tile
ANIUSQ-59 modem will not transfe r data when 4 consecutive frames have tones with phase
angles ~ ± 22.5 ° from one of the 4 actual values. Apparentl y tile pseuido word errors are
usually introduced by the modem be fore real word errors are encountered. This has not been
our observation with the AN/ACQ- 5 modem : 4 or more word errors appear to accompany
each incomplete message .

It is not our intent ion to give the impression that POFA data received by a modem
with a sign al-quality detection circuit are totally useless. Rather , th ese data can he eas il y
misinterpreted and a valid analysis requires an understanding of how the POFA software in-
teracts with this circuit. On several occasions. 10 01’ more consecutive POFA exchang es of
5 to 10 minutes duration were received by the AN/USQ— 59 across separation ranges uip to
100 naut ical  miles be fore a single incomplete message was encoulnt er cd. Tile fre q uiency oh ’
these interrupted messages depends upon the signal-to-noise ratio and can result in exchanges
such as figure B-6 (separation range of 148 nautical miles ) where every message is incomplete.

Premature message termination does represent a loss , either total or partial ,  oh ’ data
available for link fault analysis at the very time when link quali ty is less than optimum and
such data are most valuable. In short , the POFA is functionally incompatible with the oper-
ation of the modem signal-quality detection circuit. We recommend that modems with such
a circuit be provided with a switch to disable this circuit during POFA exchange s and that
Link II operation manuals be amended to indicate proper operation of this switch .
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LINK 11 NETWORK EVALUATION TEST IPOFA) JAN 1971-
THIS STATION IS STA. NO. 14
USING THE AN IUSQ-36 OR CP-800 WITH AN/SSO-29 TERMINAL TEST
IN THE MULTI STATION MODE WITH BIT ERROR ANALYSIS
THIS STATION WAS ON THE AIR FOR 6MIN . 57SEC.
TOTAL WORDS TRANSMITTED-12420
TOTAL WORDS RECEIVED -9890

RE CEIVED FROM WORDS RECEIVED WORDS WITH ERRORS
DLG-27 9890 100

INTERRUPT AND BUFFER STATUS
RECEIVED CONSECUTIVE PREPARE TO
TRAN SMIT INTERRUPTS ERRORS- l i
PARITY STATUS OF ERROR WORDS
PARITY WORDS
0 100
PARITY STATUS OF CORRECT WORDS
PARITY WORDS
3 1
BITS PER WORD IN ERROR
BITS WORDS

6 5
7 2
8 5
9 6

10 16
11 28
12 15
13 9
14 10
15 3
16 1

NUMBER OF WORDS WITH BITS IN ERROR
BIT TIMES IN ERROR TIMES PICKED TIMES DROPPED

0 49 0 49
1 46 0 46
2 51 0 51
3 23 0 23
4 50 0 50
5 52 0 52
6 52 0 52
7 42 0 42
8 32 0 32
9 29 0 29

10 58 0 58
11 49 0 49
12 49 0 49
13 48 0 48
14 55 0 55
15 45 0 45
16 50 0 50
17 53 0 53
18 38 0 38
19 55 0 55
20 46 0 46
21 56 0 56
22 39 0 39
23 37 0 37

THIS STATION REPORT IS FROM DLG-27
THIS STATION WA~ ON THE A I R  F OR 6M I N . 5OSEC.
TOTAL WORDS TRANSMITTED-9430
TOTAL WORDS R E C E I V E D  -7360

R E C E I V E D  FROM WORDS R E C E I V E D  WORDS WITH E R R O R S
UNREC. STA. 1380 523
STA. NO. 14 5980 235

END OF REPORT

Figure B.3. Multistation POFA with one incomplete message.
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LINK 11 NETWORK EVALUATION TEST (POFA ~ JAN 1971-

THIS STATION IS STA . NO. 14
USI NG THE A NIUSO-360 R CP-800 WITH AN/ SSO-29 TERMINAL TEST
IN THE MULTISTATION MODE WITH BIT ERROR ANALYSIS

THISSTAT ION WAS ON THE AIR FOR 7MIN.2SEC.
TOTAL WO R DS TRANSM ITTED -1 1960
TOTAL WORDS RECEIVED - 11730

RE CEIVED FROM WORDS RECEIVED WORDS WITH ERRORS
CVA-64 11730 200

INTERRUPT AND BUFF ER STATUS
RECEIVED END RECEIVE INTERRUPT BUT NO DATA ERRORS-i

PARITY STATUS OF ERROR WORDS
PARITY WORDS
0 200
BITS PER W O R D  I N  E R R O R
BITS WORDS

6 10
7 4
8 10
9 12

1 0 32
11 56
12 30
1 3 18
14 20
15 6
16 2

NUMBER OF WORDS WITH BITS IN ERROR
BIT TIMES I N  ERROR TIMES PICKED TIMES DROPPED

0 98 0 98
1 92 0 92
2 102 0 1 02
3 46 0 46
4 100 0 100
5 104 0 1 04
6 104 0 104
7 84 0 84
8 64 0 64
9 58 0 58

10 116 0 116
11 98 0 98
12 98 0 98
13 96 0 96
14 11 0 0 110
15 90 0 90
16 100 0 100
17 106 0 106
18 76 0 76
19 11 0 0 110
20 92 0 92
21 1 12 0 112
22 78 0 78
23 74 0 74

THI S STAT ION REPOR r IS FROM CVA-64

THIS STATION WAS ON THE AIR FOR 6MIN.55SEC.
TOTAL WORDS TRANSM ITTED-11730
TOTAL WORDS RECEIVED -16560

R E C E I V E D  FROM WORDS R E C E I V E D  WORDS WITH ERRORS
UNRE C. STA . 5290 3887
STA . NO. 14 11270 0

END OF REPORT

figure 8-4. Multistation POFA with two incomplete messages.
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LINK 11 NETWORK EVALUATI ON TEST (POFA) JAN 1971-

THIS STATION ISSTA. NO. 14
USING THE AN IUSO-360R CP-800 WITH AN/SSQ-29 T E R M I N A L  TE ST
IN THE MULTISTAT IO NJ MODE WITH BIT ERROR ANALYSIS

THIS STATION WAS ON THE AIR FOR 5MIN. 5SEC.
TOTAL WORDS TRANSM ITTE D-11270
TOTAL WORDS RECEIVED -1 1270

R ECEIVED FROM WORDS RECEIVED WORDS WITH ERRORS
CG-l 1 11270 400

INTERRUPT AND BUFFER STATUS
RECEIVED CONSECUTIVE PREPARE TO
TRANSMIT INTERRUPTS ERRORS-i

PARITY STATUS OF E R R O R  WOR DS
PARITY WORDS
0 400
PARITY STATUS OF CORRECT WORDS
P A R I T Y  WORDS
3 1
BITS PER WORD IN ERROR
BITS WORDS

6 20
7 8
8 20
9 24

10 64
11 112
1 2 60
13 36
14 40
15 1 2
16 4

NUMBER OF WORDS WITH BITS I N  E R R O R
BIT TIMES IN ERR OR TIMES PICKE D TIMES DROPPED

0 196 0 196
1 184 0 184
2 204 0 204
3 92 0 92
4 200 0 200
5 208 0 208
6 208 0 208
7 168 0 168
8 128 0 128
9 116 0 1 16

10 232 0 232
11 196 0 196
12 196 0 196
13 192 0 192
14 220 0 220
15 180 0 180
16 200 0 200
17 212 0 212
18 152 0 152
19 220 0 220
20 184 0 184
21 224 0 224
22 156 0 156
23 148 0 148

THI S STATI ON R E P ORT IS FROM CG-11

THI S STATION WAS ON THE AIR FOR 5MIN. 5SEC .
TOTAL WORDS TRANSMITTED-i 1040
TOTAL WORDS RECEIVED -9890

RECEIVED FROM WORDS RECEIVED WORDS WITH ERRORS
STA . NO. 14 9890 115

END OF REPORT

Figure B-S. Multistation POFA with 4 incomplete messages.
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LINK 11 NETW ORK EVALUATION TEST IPOFA) JAN 1971-

THIS STATION IS STA . NO. 14
USING THE AN/USQ-36OR CP-800 WITH ANISSO-29 TERMINAL TEST
IN THE MULTISTATION MODE WITH BIT ERROR ANALYSIS

THIS STATION WAS ON THE AIR FOR 4MIN. 1SEC.
TOTAL WORDS TRANSMITTED-18850
TOTAL W O R D S R E CE I V E D -2300

RECEIVED FROM WORDS RECEIVED WORDS WIT H ERRORS
U N R EC . STA. 460 203
CG-1 1 1840 800

I N T E R R U P T  AND B U F F E R  STATUS
RECEIVED END RECEIVE INTERRUPT BUT NO DATA ERRORS-8

RECEIVED CONSECUTIVE PREPARE TO
TRANSMIT INTERRUPTS ERRORS -63

P A R I T Y  STATUS OF E R R O R  WORD S
PARITY WORDS
0 1000
PARITY STATUS OF CORRECT WORDS
P A R I T Y  WO R D S
3 12
BITS PER WORD IN ERROR
BITS WORDS

6 50
7 20
8 50
9 60

10 160 -

1 1 280
12 150
13 90
14 100
15 30
16 10

N U M B E R  OF WORDS WITH BITS IN E R R O R
B IT TIMES IN ERROR TIMES PICKED TIMES DROPPED

0 490 0 490
1 460 0 460
2 510 0 510
3 230 0 230
4 500 0 500
5 520 0 520
6 520 0 520
7 420 0 420
8 320 0 320
9 290 0 290

10 580 0 580
ii 490 0 490
12 490 0 490
13 480 0 480
14 550 0 550
15 450 0 450
16 500 0 500
17 530 0 530
18 380 0 380
19 550 0 550
20 460 0 460
21 560 0 560
22 390 0 390
23 370 0 370

THIS STATION REPORT IS FROM CG-1i

THIS STATION WAS ON THE AIR FOR 3MIN. 39SEC.
TOTAL WORDS TRANSM 1TTED-11500
TOTAL WORDS RECEIVED -1610

RECEIVED FROM WORDS RECEIVED WORDS WITH E R R O R S
UNREC. STA. 920 163

E N D  OF R E P OR T

F igure B-6. Mu lti s tat ion POFA with every message received (JO) inconip lete.
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APPENDIX C:

SOFTWARE PATCH FOR CP-642A OR B COMPUTER POF A

TO OUTPUT ON R0280 HIGH-SPEED PRINTER

(NAVSH IPS 0967-011-4001 DATED 23 MARCH 1973)



INTRODUCT iON
This Appendix describes the software patch developed by UNIVAC l’or NOSC to

allow the POFA for the CP-642A or B computer to be ou tput  on tIle R0280 Iligh-spe ed
printer. The following instructions apply:

I .  Load th e Link i i  I~OFA (NAVS I -IIPS 0967-0 1 1-40 11 dated 27 March 1973) :

2. Load the software patch:
3. Ini t ia l ize  tile printout  device and channel (the R0280 printer  is fielu l da ta ) :  and

4. Ruin the POFA
This patch uses the channel paramet er . so it is channel-changeable.  A listing of tile software
patch appears in table C-I .
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FABLE C- I .  SOFTW .&RE PATC h FOR L I N K  I I  POFA ( FOR CP-642A 0R B)
TO OUTPUT ON R0280 IIIGII-SPEED PRINTER.

12052 02 000 00027 60041 70000 77000
12254 12000 00000 60042 12200 00000
12273 12000 00000 60043 12400 00000
12330 61000 60000 60044 11130 60045
12331 12000 00000 60045 05050 50505
12332 12000 00000 60046 70100 00020
12333 12000 00000 60047 15030 60120
12560 41050 50377 60050 61000 60063
12562 05050 50505 60051 40011 12360
14041 27310 37700 60052 12314 60102
60000 11020 11707 60053 16310 60054
60001 52040 77760 60054 06000 00000
60002 10000 77037 60055 10034 60112
60003 06000 00005 60056 57032 60120
60004 57020 60031 60057 71400 00004
60005 57020 60034 60060 61000 60063
60006 57020 60036 60061 71200 00020
60007 57020 60040 60062 12000 00000
60010 11020 12304 60063 71100 00000
60011 21010 12304 60064 61000 60020
60012 15010 6006 3 60065 16210 60015
60013 12000 00000 60066 16410 60016
60014 12100 00000 60067 16510 60017
60015 12200 00000 60070 61000 12331
60016 12400 00000 60071 40011 12360
60017 12500 00000 60072 21400 00004
60020 10000 00077 60073 61000 60051
60021 40511 12360 60074 61000 60063
60022 61000 60063 60100 00000 60120
60023 21400 00003 60101 00000 00040
60024 61000 60071 60102 00000 00030
60025 12000 00000 60103 00000 00022
60026 16240 00000 61014 00000 00014
60027 20010 60100 60105 00000 00006
60030 15020 60100 60107 00000 00001
60031 13030 60107 60110 00000 00200
60032 70000 00700 60111 00000 00004
60033 12000 00000 60112 00777 77777
60034 74030 60100 60113 77007 77777
60035 12000 00000 60114 77770 07777
60036 63000 60036 60115 77777 70077
60037 12000 00000 60116 77777 77700
60040 13030 60101
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