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\ ABSTRACT

A

The Global Positioning System (GPS) is an excellent potential

source of time-space-position information (TSPI) for test and train-
ing ranges, since this information is available world-wide and can
be used by both air and surface players. However, in contrast to
ground-based multilateration systems, GPS-derived TSPI is obtained
on the player; hence, a means of conveying these data to the range
central processor must be provided.

In this report, the feasibility of using existing data communi-
cations syctems to report GPS-derived player position, velocity, -nd
time data, with and without additional player event data, was exam-
ined. Data requirements for representative range systems were esti-
mated and matched with the capabilities of representative dsia
links.

It was concluded that telemetry and the Joint Tactical Informa-
tioi Distribution Systems (JTID3) are the most viable link alterna-
tives to convey the GPS-derived data to the range central processor.
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1.0 INTRCDUCTION

The Global lositioning Systea (GPS) is a satellita-based navi-

>

grtion aid, which will provide &ccurate pogition, velouity, and time

icformatior to uasers anywheve in the world. The space segment of
h! GPS will coneist of 18 satellites in six orbits; cach satellite
broadcasts a vniquely coded signal from which 3 GPS recciver (user

. segment) can extrac: the signal's transit time and the satellite's

it D A

ephemeris. Reception of signals from four satellites perumits the

user to determine his position and to correct his clock to GPS

S system time. The Institute of Navigation's monograph on GPS(l)
lf describes the sysiem and some of its applications.
L; Althrugh GPS was designed for navigation, it has some aspects

that wake it attractive «s range instrumentation, since time and

player pnsition sre universal requirements for tests and training

T Y
oo, el

exercisey., First, because GPS will be worid-wide, the range need
not be tied to a speciiic picce of real estate; variety in training
is thus muc’ more fcasible. Second, because GPS will be satellite-
bascd, terrain mac~king problems for ground players are alleviated.
Finally, since GPS will be an operati.aal system, ¢ventually most
players will come to the range with GPS setr as part of their
equipment, so that addition4l equioment to provide time-space-
position information (T5PI) will not have to be carried. The
primary difference between GPY and conventional multilateration
systoms ir that GPS will provide TSPI to the player. A data link is

therefore required to integrate GPS into the rangr: system.

To explore the use of GPS in tests and training exercises, the
Director Defense Test and Evaluacion directed the formation of a

tri-Service committee, with the Air Force as lead service, and

directed MITRE to support the committee as needed. A contraict was
let by the Tri-Service Committee to The Analytical Sciences

(8]

Corporation (ASC) to analyse range requirewents, compsare ( 5 and
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aiternatives, identify techrical issues, develop costs, and provide

an implementation plan.

MITRE's task in support of the committee was to rdescribe alter-
natives for a data link between the range's centra. processor and
the participating players. The approach taken was vo describe the
dat: requivements of representative multi-player range systems, and
then match these requirements with the capacities of rzpresentacive

vata links. This report gives the results of that investigation.

Section 2.0 discusses data link considerations and identifies
the two most promising data links: telemetry and the Joint Tactical
Information Distribution S-stem (JTIDS). In Secticn 3.0, the
quantities of data generated by representative range systems ara
estimated; in Sections 4 .G and 5.0, the correaponding telemetry and

JTIDS capacitites are estimated. Seztion 9.0 preacnts conclusicns.

Access to JTIDS for GPS-derived da%ta on the fighter and attack
aivcraft now being introduced will be through the MIL~STD-1553 data
bus; howe#er, data fiom other aircraft systems will also be carrvied
by the data bus and could be transmitted by the JTIDS terminal as
well., The data bus thus provides a meaas for solving two vrcbiems
associated with the use of operational aircraft in tests and instru-
mented training exercises: installation of sensors to generate
data, and transfer of data from sensor to data link traunsmitter.

Use of aircraft tacti.al systems to generate, transfer withio the
aircraft, and transmit data for use in training evaluations would
decouple training from fixed sites, tbus making it more readily
available and more realistic. This "&vionics-based training concept'

is discussed in Appendix C.
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2.0 DATA LINK CONSIDERATICNS

The area of specific intevest in MITRE's task was the
feasibility of using existing data commwiications systems to veport
GPS-derived player position data (with or without additional player
event datg) in tests and training exercises. Three iyp=3 of data
links were considered: the GPS translato—, telemetry, and tactical
data links. The multi-object tracking radar and similar radar based
data links were not considered; while these systems might be suit-
able for air players, it seems unlikely that they could track sur-

face players satisfactorily.

The GPS tramslutcer receives superimposed signals from
satellitey 3n its view, converts the composite signal to a different
frequeucy, and retransmits the signal at that frequency tv a
receiving station. The receiving station contains a GPS se: faat
extracts the position, velocity, and time data from thec composite

satellite signals. The ftranslator is an attractive soluticn for

pissiles and target drones, since it is small, lightweight, and
congiderably cheaper chan the full GPS set. Five players is about

the practical limit, however, ce unlike satellite

translator signals cannot be overlapped due to noise limitations,

and large frequency allocaticns are not readily available. Appendix

A gives the calculations leading to this conclusion.

v T
a_d

o

i . , :
et Telemetry is now used on ranges to obtain both player event and
e test item data. In principle, GPS—-derived TSPI is just another

s block of data to be transmitted to the range central processor.

Telemetry should be capable of satisfying the data transfer
requirements for smali fange systems when GPS is used, but as the
numbers of players increase, a capacity limit wmight be
encountered. To investigate chis possibility, estimates of “~ta
rates for range systems of different sizes were needed; thesa:

estimates are given in the next section, and the corresponding
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‘I corresponding telemetry bandwidths and data rates are given in :
b

-

Section 4.0,

Several tactical data lioks were considered: The Forward Area
Aleriting Radar (FAAR) data link,(Z)
II Airborne Radio System (SINCGARS-V),
‘ channel communication aystem,(s) and JTIDS. SINCGARS and the FAAR

the Siigle Channel Ground and
(3,4) the AN/TRC-145 multi-

data link are nox designed to connect many users to one central

: point (the range data link's function), and user access to the 12-
Il channel TRC-145 is provided by wire connections to an entrance

‘ panel, not suitable for moving range players. JTIDS offers promise,
but would be practical only if range data can share the link with

players' operational data. Like telemetry, JTIDS might encounter a

.
| OULAIEIEPARIN -~ S T’ S DS R ¥ SO

in capacity limit as the numbers of players increase. Use of JTIUS as

a data link is discussed in Section 5.0, using the dati estimates of

Section 3.0.
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3.0 DATA RATES FOR REPRESENTATIVE RANGE SYSTEMS =

Data rates for representative range systems were eutimated by :
postulating generic messages for the types of players participating, :d
and then generating these messages at the rates specified by the
systems for each type nf player. The generic messages were postu- ~1
lated after studying the types of data called for in a number of !
range systems and large-scale exerclse specifications,(6“24) substi- ‘i
fi tuting GPS-derived position, velocity, and time for $lL: wulcl- i}
il lateration schemes sm:lsjed. Player messages and overall data rates -

N fur the representative range systems are discussed below.

Five range systems were used: The Tactical Alrerew Combat

Training System (TACTS), the Extended Area Test System (EATS), the

Advanced Time-Space-Position Information (ATSPI) systeml, and two
Mobile Automated Field Instrumentation System (MAFIS) cases, oue
with 200 players (the near-term goal), the other with 1000
players. These range systems were selected because they span the

numbers of

layers usually encountered in muiti-player evolutions

et Y
- and have dif

(29

fereat mixes of player types. One tacit assumption made
in selecting these particular systems (which are training or
tactical and operational testing but not equipment testing systemns)
is that a data link that can handle the multi-player case will be
able to handle the fewer player/more data per player equipment
testing case.

3.1 Position and Event Messages

In calculating data rates, 1t was assumed that player messagzs
would be of two classes: “position” messages and "event”

messages. A position message conveys the player's coordinates and S

f ~ o S . RO PR
T WSRO N RN SRR

1A1though development of this system was terminated, a specification
listing players and data requirements was prepared.

e
. % PR
N

».

S ) et S . . i . N EE [ S S . el s A e moas
~"'\"" . Ii”“-‘,_c PR N S WP . ; e CHPNE R : A SRS PO R ROy Wy P D PSR S -




Y W T TR TR TR OEYE TRV TR TR T O VLY Y WYY Y (TR WY . Raall et
R '~'-‘-“‘."‘_‘,'.'.- ST TS AT _‘.Y.: VIR YR N ‘t_'p_(_(”'_ Sl Sl b SN N S B S G- R el M- e '."',"',""‘1,

velocity at an identified instant, and is sent at a fixed rate

LIPS PO PN

specified by the range system for each type of player (Table 3-1).

An event message captures the time at which the player took

some action [detected the target, dispensed chaff), and may also

contaln data needed for evaluation from player systems or test

z

items; for example, a missile fire message might contain attitude,
attitude rate, and alr mass data as initial conditions for a missile
flyout model. However, an event message does not contain position
data; rather, it is assumed that position and velocity at the
instant of the event are interpolated from the player's position

messages that bracket the event in time.

In postulating position and event messages, it was a3ssumed that
each player had the requisite sensors to generate the desired data,
and that 2 time- or action-related signal caused these data to be
collected, time-tagged, and put on the data link. Details of how
this would be accomplished, particularly for operational tactical
aircraft, were not considered, although some th.oughts on a long—-term
solution are given in Appendix C. Since the data links were capable
of the rates resulting from the generous bit allowances for data
elements made initially, no attempt was made to reduce message
lengths through the use of sophisticated coding schemes. For the
game reason, the messages deccribed below were used for all links,
even though some of the header bits might have been duplicated by

the data link message structure.

3.1.1 GPS-Derived Position Data

The user equipment ‘specification for GPS Phase IIB equip-
_ ment(zs) describes the operation, interfaces, and outputs for the
h!g GPS sets to be developed for 10 categories of host vehicles. Gener-
o ally, the sets are required to process GPS satellite signals to pro-
vide time and three—dimensional position (in any of a large number

of coordinate systems) and velocity outputs, and to exchange data




G vl A SRS AR i) 4 B

ra

e

L

Y

T Y

o ot
n

LN

DAL K A

AR < 4 SN

7
s

S

PO & A

;

-
— !

~ T + Aad
g T W R T N TS T TN T TR T L YT T TR T AT TN NUAEANC AR T/
B T o B SR ATl o o Sl e SR TR, R L . . . <

L . . -

TABLE 3-1

POSITION UPDATE RATES
(messages/second)

Range System/Player Type Position Update Rate

TACTS
high interest 20
low interest . 833

EATS
high dynamic 10
medium dynamic .625
low dynamic .313

ATSPI
fixed wing high interest 5
fixed wing other 1
mobile groun .500
fixed ground

MAFIS
fixed wing 10
helicopter 6
vehicle 1
troop 167

 rhese players do not make position raports.
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with mission related host vehicle systems (navigation sensors, iner-

tial navigation systems, weapons delivery systems, control and dis-

..;‘A}u P

play systems, etc.). All GPS sets provide navigation fixes once per

second, and all, except the manpack/vehicular set, have navigation

kl Lamtamt man

processors that extrapolate positica and velocity every 50 milli-

i
-y

seconds between fixes.

The Phase IIB sets have an instrumentation port to facilitate

»

R ]

W

collection of data on set operation during developmental testing;

ii ICD-204(26) describes the .. :s.ge formats and contents to be used. l
tgf One of the functions of the instrumentation port is to provide a Ei
:ﬂ GPS-derived time-tag for data routed through it. It was assumed {2
LS that the instrumentation port and the time-tag function would be ff;
;; retained in operational GPS sets, but that message formats and con- ;J

.o

tents would be streamlined. The message format used in these esti-

33: mates consists of the following elements:

Leader--8 bits

| DR
©
.

e b. Player identification--8 bits

v
.

MERAPREE A T4

G s

. »d

- c. Message type/event code--8 bits
d. Time-tag--32 bits

- e. Word count (indicates amount of data to follow header)-- i

f. Checksum 1 (validates header)--16 bits
g. Data-—multiples of 8 bits

- h. Checksum 2 (validates the data part of the message)--16
- bits.

- Three bits (start, parity, and stop) are added to each 8-bit byte by

:! the inscrumentation port.

e Table 3-2 shows the numbers of bits allowed for various data

elements in the position (and event) messages. Bit allowances were




TABLE 3-

i
“~

BITS ALYOWED FOR DATA ELEMENTS

Data Element

Time-tag
time of day
day

Position
X,y

2z
fix figure of merit
I
Velocity
N
Acceleration
Acceleration rate
. *
Attitude
. *
Attitude rate
Air mass data
static precsure
Pitot pressure
air temperature
. . ., *
Vehicle crientation
Gun orientation
azimuth

elevation

Gun orieg&ation
rates

* . .
Three dimensional

ok } .
Two dimensional

Bits Allowed

27
18
48
48
48
40
40
16
16
16
48
13
11

24

Units

millisecond
test day number or
truncated Julian date

1 meter
1 foot
BCD index
.1 foot/second
.1 foot/second2
.1 foot./second3
.1 degree
.1 degree/second
1.2 millibar
1.2 millibar
5 degree
.1 degree
milliradian

milliradian

.1l milliradian/second
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made in multiples of eight to fit the format above; consequently,

some allowsnces are larger than the estimated requirements.

However, 1t was considered preferable to overestimate rather then

underestimate Lit needs in this early investigation.

Position message lengths for both air and surface players are
given in Table 3-3. In addition to three-dimensional position and
velocity, the air player's position messagc includes three-
dimensional acceleration, while the surface player's position

message contains two-dimensional position and velocity only.
3.1.2 Event Data

In contrast to position messages, event messages are of vari-
able length. The shortest i{s the "time-tag"” event message which
tells only the time at which the event identified in the message

occurred. This message requires only the header of the postulated -

message, containing 80 data bits. Comparison of the kinds of event
data required by the various range systems leads to the conclusion
that data requirements for pairing and assessment make the "fire"
message the longest for each type of player. The air player's fire
message providea three-dimensional attitude, attitude rate, accel-
eration rate, and air mass data; the surface player's provides
vehicle orientation, gun azimuth and elevation, and gun azimuth and
elevation rates (tank firer as model). The ship player, like the
air player, moves in a three—dimensional medium, and hence attitude

and attitude rates are required.

The event data just discussed are the kinds that would be used

by a central processor to calculate data elements satisfying test or

exercise objectives. Besides pairing firer and target and assessing

the outcome of an engagement, parameters such as the range at fire,

the aspect angle of the target, and target exposure may be of inter-

est. MAFIS will employ a distributed processing system; player

instrumentation, which will include a laser psiring device, will

10
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| TABLE 3-3 y
FOSITION AND EVENT MESSAGE LENGTHS

. (bits)

i Pos.tion Fire Event Time~-Tag

H Player Message Message Message

L Alr 352 363 110

. Surface 220 264! 110

1Ship player's fire message same ag air player's.
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determine the outcomes of engagements between players. Resulis of
the engagement will be conveyed to the central processor, along with
the range at fire, target aspect angle, target exposure, etc. To
first order, these distributed processing messages are the same
lengths as the central processing messages, albelt conveying differ-
ent data. Hence, the eventL message lengths of Table 3-3 will be

used to estimate data rates for MAFIS as well as for central pro-

cessor systems,

3.2 Overall Data Rates

As noted above, rates for position updates are specified for
each range system. No estimates of the distribution of event
megssage lengths are made, however, and event message rates are
estimated only for one range system, MAFIS. In order to proceed,

the following assumptions were made:
a. Pogitions are updated at fixed rates.
b. Events are time-tagged at occurrence.

c. Events are generated at 1 event/sec by 20 percent of the
surface and low interesr air players.

d. Events are generated at 1 event/sec by 50 percent of the
high interest (fixed wing) air players.

e. Event messages from surface players are 75 percent of fire
message length, 25 percent of time-tag message langth.

f. Event messages from air players are 50 percent of fire
message length, 50 percent of time-tag message length.

Agsumption ¢ is the estimate used in the MAFIS sgpecification; most
MAFIS players are ground units, or helicopters scouting and engaging
ground targets. The pace of fixed wing air engagements (both air-
to—air and air-to-ground) is faster and was felt to justify a higher

event rate (Assumption d). The message length distributions

12
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(Assumptions e and f) are based on message contents for the types of

1
i
1

events generated by the virious range systems.

Table 3-4 lists the data ra. °s in thousands of bits per second

for the five range systcms. Event data make up 10 percent or less

e el
L.-L_, A

s

of the total data tec be transmitted.
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TABLE 3-4

1

i A S

OVERALL DATA RATES FOR REPRESENTATIVE RANGE SYSTEMS
(k bits/second)

Rang» System Data Rate o

1 N

TACTS 33 i

-

EATS 49 5

ATSFI 73 ;j
MAFIS (200 players) 103
MAFIS (1000 players) 513

1Low interest players do not generate events.
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4.0 TELEMETRY AS A PMPATA LINK

One way of providing a data link for GPS data (and perhaps
other player data) 1is to use conventional telemetry. Some form of
telemetry 13 now used by ranges for player event data, or in the
case of equipment testing, to obtain periodic readouts of test item
parameters. GPS~derived digital data are in principle just sanother

set of parameters to be transmitted on the link.

The question to be asked regarding the use of telemetry ig,
what bandwidths and dsta rates would be required if GPS-derived data
were to replace that which is currently provided by multilateration
systems? Three data capacities are of interest: (a) a dedicated
link that would carry GPS set output only; (b) a link that would
carry position and state vector data from an inertial navigation
system updated by a companion GPS set; and (c) an all data link that
would carry both position and event data. The second option should
be of practical interest during the transition period for tactical
aircraft, when newer aircraft will have internal GPS sets but older
aircraft will not. A pcssible solution would be to provide older
aircraft with a pod containing a GFS set, inertial navigation
system, and telemetry transmitter; this assumes that the GPS antenna
shadowing problem is solved.(27) On the other hand, it would be
nore efficient to put all player data of interest on a single data
1ink, assuming the interfacing problems can be solved; hence, the

third option.

4.1 Asggumptions

In estimating the telemetry bandwidths and data rates for the

range systems of interest, the following assumptions were made:

a. Time Division Multiple Access (TDMA) is u ed; the players
use GPS system time to synchronize their transmissions.

b. The telemetry frequency will te in either the 1435-1535 or
the 2200-2300 MHz band.
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c. Propagation guard time for 100 km is incluled in each time-
slot,

4.7 Telemetry Bandwidths and Data Rates for Range Systems

For each range system, the total number of slots per second
required to accommodate all player position and event messages was
first determined. The bit rate (bits per second) required to
transmit the longest message to be sent by any player in a time siot
of that length was then calculated, snd the telemetry bandwidth in

Hz was assumed to be numerically equal to that bit rate.

The numbers of slots for player position reports were derived
from the report rates specified for the range systems (Table 3-1);
where the specified rates were lower than one per sccond, players
were given alternate use of slots. For example, 18 slots were
provided each second for troop position reports for the 200-player
MAFIS case; 108 troop players (104 players required), each reporting
every six seconds, can use these 18 slots to update their positions
at the specified rate. For the third option, the all data link,

each player was allotted one slot per second for event reports in

The message lengths used in these calculations aie given in
Table 4-1. Tle message format postulated for the first two options
above is modified from that given in Section 3.1.1 by deleting the
message type (all messages convey the same type of data), word count
(the length of the message is known in advance), and checksum 1
(there will always be a dats part of the message; checksum 1 vali-
dates the header when that is not the case). The message for the
first option contains the three-dimensional pcsition and velocity,
requiring 176 data bits or 242 message bits. This message is used
for both air and surface players. For the second option, three-
dimeugsiorial acceleration, attitude, and attitude rate are added to

the air players' messages (equivalent for ship players), but the
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TABLE 4-1

TELEMETRY MESSAGE LENGTHS
(bits)

P S A G Y

All-Data

GPS and Position Fire Time-Tag
Piayer GPS Only INS Message Message Message

Air 242 440 352 363 110

Surface 242 242 220 264 110

i
i
]

'

N,
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ground players, lacking inertial navigation systems, use the 242-bit
megssage. The message lengths for the third option are those of

Table 3-3.

Note that while only the longest message was used in calcu-
lating the bandwidth required for each range system, the appropriate
player position message lengths and the event message rates and
length distributions given in Section 3.2 were used in calculating

the data rates.

The resulting bandwidths and data rates for the three link

options for each range system are shown in Table 4-2. Tha apparent

it e

~r

incongruity in data rates between the second and thira options
arises becauss each second-option message from the air players con-
tains attitude and attitude rate (320 information bits total). The
third-option air player pnsition message, which generates most of

the data to be transmitted, contains only 256 information bi*s.

A narrowband channel wili carry the estimated data except for

the second and third options used for the 1000-player MAFIS case.

R~ FOOEO

Rather than use a single channel in these two cases, it would prob-

ably be more convenient to use ¢ channels for alr and ground

players; the corresponding bandwidths and data rates are given in

footnotes.
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TABLE 4-2

TELEMETRY BANDWIDTHS AND DATA RATES1

GPS and INS

All Position
and Event Data

Range System GPS only
TACTSZ 87
(22)
EATS 30
(29)
ATSP1 49
(46)
MAFIS(200 players) 81
- (73)

MAFIS(1000 players) 708
(360)

lpandwidth in kHz--upper figure

157
(40)

55
(53)

89
(82)

146
(106)

12903
(578)

(Data rate in k bits/sec)--lower figure

137
(33)

69
(49)

125
(73)

217
(103)

50604
(513)

2Four players update their positioans 20 times/sec, the rest

once/sec.

3

(295 k bit/sec) for ground players.

4

(117 k bits/sec) for ground players.

19

May be divided 962 kdz (559 k bits/sec) for air players, 494

k4z

May be divided 794 kHz (397 k bits/sec) for air players, 538 kHz
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5.0 JTIDS AS A DATA LINK R

The Joint Tactical Information Distribution System is being
.developed by a Joint Service program office to provide jam-

resistant, secure, digital voice and data links for tactical units.

Lo

Two versions are being developed: TDMA for the Army and Air Force,

v &
R 4
Al -

and Distributed Time Division Multiple Access (DTDMA) for the

Navy. (DTDMA terminals can operate in a mode compatible with TDMA,

pl

.

but not conversely.) TDMA is a message-oriented architecture, DTDMA

.

.

a channel-oriented architecture; both are very complex, and indeed,

are still evolving 2s equipment and software are developed, making

e

it difficult to pin down the capacity of any JTIDS terminal. Appen-
dix B describes how the terminal capacity estimates (which should be
regarded as indicative but not definitive) were calculsted for the

various range systems.

5.1 Overall Concept

o It is assumed that the command and control functior in each

!ll scenario is performed by players taking part in the evolution; or
;ﬂ} failing that, that command and control information is precented to
ff: the participating players as if that function were beiny played.

[ This "operational' traffic is estimated to take up less than half of

the participating players' terminal capacities; the question is then
|4 P y p

Pt A
P SRS

whether the rewaining capacity is sufficient for range data.

r

F. .

F. -

:33 Although the command and control player may also have excess capa-
g .

- city over operational needs, he may not be located at the range

control point; hence, it is assumed that range data requires a dedi-

cated range receiving terminal, Tt seems likely that if JTIDS were

used as a range data link, the range would prefer to have its own

terminal(s) to simplify the transition between exercises.

Both versions of JTIDS have a relative navigation functionm that
now uses multilateration of ranging messages sent by users; however,

the ou rur is not sufficiently accurate for most range purposes,

j,—f g
.-'?.’. PP PPN

s e
P
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even with good geometry. If players have both GPS and JTIDS, it
seems certain that they will be connected so that JTIDS can use the
GPS-derived position; if this happens, the JTIDS relative navigation
position could be as good as the GPS solution, and a separate posi-
tion message for range purposes might not be required. However, in
these estimates it is assumed that the range receiving station does

not obtain data from operational traffic.

Both TDMA and DTDMA provide dedicated and reservation access
for users. As the names imply, dedicated access provides transmit
opportunities to individual users for their exclusive use; reserva-
tion access provides a pool of transmit opportunities and a means
for each user to request and receive a transmit opportunity from
that pool whenever he bhas a message to send. For these estimates,
it is assumed that dedicated access is provided for the periodic
position update messages required of players. To conserve capacity,
however, the comparatively infrequent event report messages are

assumed to be handled by a reservation access scheme.

JTIDS provides two anti-jamming features at the expense of
information throughput: Reed-Solomon forward error correction
coding and double pulse transmission, hoth of which would ordinarily
be used for operational traffic. Although jamming in the JTIDS fre-
quency band might occur in electronic warfare exercises, a benign
electronic environment is assumed, so that neither Reed-S5olomon
coding nor double pulse transmission are necessary for reception of
range data. On the other hand, it would be advantageous to employ
either or both if terminal capacity were available, since they would
increase the probability that messages will be correctly received.
Capacity estimates for both coded and uncoded messages were made,

but, with one exception, transmissions were assumed to be single

pulse.

22
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5.2 Terminal Capacities

Capacities of the TDMA and LTDMA terminals used in these esti-
mates (see Tables B-1 and B~2) were taken from equipment speci-
fications, but it is not yet clear that all of ihese specifications
will be attained. Two quantitles are specified for DTDMA
terminals: an average throughput and a neak rate. Average
throughputs apply to Information bits only (that is, preambles and
headers are not Included), and are determined by the processing
capacity of the terminals. Peak transmission rates include all
transmitted pulses and are determined by the heat-dissipation
ability of the transmitters, but again are related to processing
capacity for the receiver. The transmit and receive capacities of
TDMA terminals are given in terms of m: <imum information throughput;
however, a single terminal can only transmit or reczelve messages in

128 time-slots each second, and this sizes the range receiving
station.

The key to the use of players' JTIDS terminals for the range
data link 1s the terminal capacity required for operational
traffic. Estimates of this capacity for various terminals are only
now being worked out, with final results beiang classified. One
egtimate puts the allocation for tactical aircraft at less than 50
percent of DTDMA class II terminal capacity (both transmission and
(28)

reception), with actual usage estimated at perhaps 60 percent of

that.(zg) Since the range data requirements for different types of
players were estimated at 21 perceut of terminal capacity or less
(see Tables B~6 and B-7), it was concluded that player terminals

cculd service both operational and range needs.

5.3 Requirements for Terminals at Range Receiving Stations

Table 5-1 shows tb estimated capacities required for range
data for the various systems, assuming that the players and range

recelving station employ the class II TDMA terminal. The packed-2
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TABLE 5-1 4;

i

CAPACITY REQUIRED FOR RANGE DATA:
CLASS TY TDMA TERMINAL

Percent of one Terminal's Number of Nets

Range System Average Data Throughput Required Tl
.
TACTS 38 2.7 -
4
EATS 58 1.2 —

oL

ATSPI 100 2.0

MAFIS(200 players) 130 2.8

%;;4

MAFIS(1000 playere) 686 13.8

Packed-2 single or double pulse messages for coded data, standard
(double pulse) message for uncoded data.

2Maximum of 30 nets may be used in one geographic area.
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message, either single or double pulse, comes closest to the range
data message sizes required when Reed-Solomon coding is used; the (
standard (double pulse) message without coding is essentially the
same size. Since any of the three messages can be sent ian one tima
slot, use of uncoded messages does not reduce the receiving station
capacity requirement. Percentages of one terminal's average
throughput capacity for all the players for each range system, -
the data rates postulated, are given in the second column of
Table 5-1. Terminal capacity is obtainable in integral multiples of
100 percent; hence, for example, the 200-player MAFIS case would

require two terminals, based on the data throughput condition. How-

. - o, VR
. .’ 3 .8 NI e
e e L.“. La L._u_-“-hl_ JUUCICINCILU

ever, the governing condition for this application of TDMA is the

;
-]

number of slot3 required. Player position updates, which constitute
over 90 percent of all range data messages, are essumed to be trans-—
mitted in dedicated time slots. Since ome net has 128 time slots
per second and one TDMA terminal can only operate on one net if all
128 slots are used, the number of terminals required is the next
highest integral number of nets; the number of nets is given in
column three of the table. Since a maximum of 30 nets may be used
in one geographic area, the two to three nets required for range
data (other than the 1000-player MAFIS case) represent 10 percent of
total capacity, leaving what should be an adequate balarce for oper-
ational uses. Since operational nets would normally be shared by
numbers of users employing contention or reservation access, there
is probably adequate capacity to provide l4 nets for the 1000-player
MAFIS case as well.

Table 5-2 shows corresponding capacity ectimates when players
have DTDMA terminals, and the range receiving station uses the

class I DTDMA terminal. Two differences from the TDMA case may be

noted: data throughpnt is the governing factor, and use of uncoded
messages about halves the capacities required. The latter comes

about because DTDMA channels can be sized to message lengths if

- 25
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‘ TABLE 5-2
1

CAPACITY REQUIRED FOR RANGE DATA:
CLASS I DICMA TERMINAL, RECEIVE-ONLY
(sliigle pulse transmission)

1

Range System Coded Uncoded

—
¢\'4
N

TACTS 29 17
(56) (34)

E' EATS 39 26
_ (25) (14)

= ATSPI 79 A
- (40) (23)

MAFIS(200 pizvers) 86 48
(5%) (32)

MAFIS(1000 players) 429 142
(275) (102)

(Percent of one terminal's maximum reception rate)--lowcr figure
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about because DTDMA channels can be sized to message lengths 1if

fixed-format messages are used.

o Memm AL. .aal

Tabls 5-3 shows a summary of the numbers of TDMA and DTDMA
terminals required by the range systems. Because the postulated

range data messages are short and DTDMA is the more adaptable, the

numbers of DTDMA terminuls required by the range receiving station
are smaller. However, given the necessary equipment, either version
of JTIDS seems capable of handling range data for all the range

i systems.
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Range System

TACTS
Li EATS
ATSPI
MAFIS(200 players)

.
% MAFIS(i00C players)

:
:
P
X
N

TR el e

TABLE 5-3

RANGE RECEIVING STATION

TDMA Class Il

NUMBER OF JTIDS TERMINALS REQUIRED IN THE

DIDMA Class I

Coded

Uncoded

14
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6.0 CONCLUSIONS

Both telemetry and JTIDS sppear capable of the data rates esti-
mated for the five raige systems considered, if enough resources are
provided (bandwidth and terminals, respectively). 'TIDS offers an
advantage over telemetry in that two optional anti-jamming features
(Reed~Solomon coding and double pulse transmission) can be used to
increase the probability that messages are received correctly,
Perhaps more important, when operational players are equipped with
JTIDS terminals, they will be able to use the range without

additional data communirations equipment.

The number of GPS translators that can be used at one time
depends on the frequency allocation that can be obtained. Within
the currently defined telemetry bands, allocation for about five C/A

code translators appears to be the practical limit.
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APPENDIX A
TRANSLATOR FREQUENCY OVERLAP

1.0 INTRODUCTION

The GPS translator receives the superimpored signals from GPS
satellites in its view, ccnverts this composite signal to a differ-
ent frequency, and transmits the signal at that frequency to a
receiving station. The receiving station contains a receiver at the
retransmittted frequency feeding a GPS receiver that extracts the
position, velocity, and time data of the translator at the instant

it received the satellite cignals.

The translator was developed and first applied to the testing
of the Trident missiie where space and weight are at a premium and
test instrumentation is not recovered at the end of the flight. In
addition to being cheaper than a full GPS get, the translator does
not require initialization, and there is no problem with acquisition
or reacquisition of satellite signals. For SATRACK, the translator
output is recorded and combined with monitor station satellite
tracking data to produce a highly accurate post-flight missile

trajectory.

In a test and training application, real-time or near real-time
player positions would p.obably be required; this, in turn, would
probably require a GPS set at the range receiving station for each
player. Some receiving station equipment--receiving antenna, pre-
gmp, computer—-might serve &ll or a number of these GPS sets, but
whether or not a cost benefit would be derived by giving edch player
a GPS set and a data liﬁk would require detailed investigation in

each case,

Whether the translator is feasible as a source of TSPI data in
a multi-player range system depends on the answers to two ques-

tions: How f{ar apart must translator center frequencies be, to

31
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identify players; and how close together can frequencies be, to

conserve radio frequency (RF) spectrumn?
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2.0 FREQUENCY SEPARATIOR FOR PLAYER IDENTIFICATION -

To avoid the additional complexity »f modulating the super-
imposed GPS signals at each tranelator, translator center frequen-
cies must be separated as a means of identifying each individual

translatoyv. This minimum separation is determined by the carrier

e .
- P
‘LA aad 2 a s s

trackiug loops of the GPS sets at the receiving station. The fie-

quency ranges over which these loops operate must be too small to

allow them tc reach the frequencies of the satellite signals from

| PN

|

the translators adjacent in frequency. Doppler shiftas of 15 kHz at

' 4

the satellite transmission frequency can be expected for a slow
moving player, due to satellite motion; a 600 knot player would have
a maximum Doppler shift cf about 1.6 kHz. Thus, from the standpoint

of carrier tracking, translator frequencies could be separared by

42_ PP )

perhaps 50 kHz. (Clear acquisition (C/A) codes have been success-
fully recoverad from two equal power L-band signals with center

frequencies separated by 30 kHz.)
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3.0 FREQUENCY SEPARATION TO CONSERVE SPECTRUM

3.1 Noise Considerrtions

The incoming signal at a translator or GIS set has been charac-
terized as "noiue contaminated by a little signal.” The P cude sig-
nal power 13 approximately =165 dBW, with & signal-to—nolse ratio of
about -40 dB; the C/A code nignal pcwer %8s 3 dB higher. Slignal
powers fo: all matellites i view =re essentially the saae, since
the satcllites are sc fal eway as to be essentially equiiiscart frow
the player, regardless ¢f chelr positiona in the sky. Because the
satellite signai i3 so far down in the noise, superposition of sig-
nals from the )0 or 1' satellites that may be within view at cix
time doce not matorially atffect the signal-to~noise ra:io fos ey

orne of them.

The situetion is differvent at the input to the receiving sta-
tion of a translator system. Overlaying twu translator spectra
(center frequencies sepavated by only ewnough to maintali carrier
tracking on each) results in a 3 dP decvease in signal-to—noise
ratio for the satellite signals retrvanswmitted by both transiavors if
both translator signals are reccilved ar equul power levels. In a
rang2 situation, where the players are u~t all essentizlly oguidis-
tant from the receiving ststion antenna, the received powuers of
translator signala miy be quite different because of the “npe.dence

of path loss on prcpagation distance.-

Narrowband carrier aad code tracking loops make it possible for

the spread specirum GPS set to recover the satellite signals frowm
the nolse. If information on player dynamics is available to the

set, tliese loop bandwidths may be made narrower than 1s the caue

l1e is assumed that the translator is transparent to satellite
signals.
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when they must accommodate the Doppler shifts. As the noise power
increases, tracking loop errors become larger, until a point is _.}
reached when the loops can no longer stay locked onto the satellite '
signal. For an unalded receiver tracking the P code, the signal-to-
noise ratio at the carrier loop lock limit is =50 dB. Since the
normal signal-to-noise ratio 1is about -40 dB, the rcceiver can lol-
erate only 10 dB of additionsl noise. Thus, one translator more
than three times as far from the receiving station as a second
translator whose spectrum it overlaps canncut be tracked. If 10
translators with overlapping spectra are received with equal nowar,
the loops tracking the satellite carriers for each of the 10 players
will all be at their lock limits.

Because of its narrower bandwidth and greater transmitted
power, the signal-to-noise ratio tor the C/A code 1s about -27 dB.
An unalded receiver can thus tolerate 23 dB of additional noise
before reaching the carrier loop lock limit. Hswever, the C/A code

tracking loop reaches its limit with 18 dB of additional noise.

If inertial aiding can be provided to the GPS set. the loop

bandwidths can be decreased, improving noise rejection. Such aiding
requires that the translator have a companion inertial set and a ‘ffi

data link for transmitting its output to the receiving station. ' ~q

Table A -l presents a summary of noise tolerances for carrier

and code loops, for both P and C/A codes.

3.2 Estimate of Permissible Overlap

To estimate how close translator center frequencies might be

placed, a calculation was made under the following assumptions:

a. The translator Outpuf3$gectrum is as specified for the
SATRACK transmitter ‘~-/ for C/A code; the P code output

S spectrum was taken to have the same shape but larger band-

» width.

! ~




TABLE A-1

CHANGES IN SIGNAL-TO-NOISE RATIOS AT LOOP LOCKING LIMITS!

(dB)
Receiver Code Caxrier Loop Codc_Loep
Unaided -10 ~-16
c/A -23 -18
Inertially Aided P -19 =27
C/A -32 -29
lgeference signal-to-noise ratios:
P code ~-40 dB
C/A code =27 ¢B
Source: Reference 30.
36
-“:“.‘ PR YURE YUNE SONY WU MR WOr TP o - RN ._‘_J_;,;;_._v\‘,_»..l.x

A

Y P

;“'j
L



e L

FXF VTR TTUTLY
P

RSN A BN L8 I
2feta w

PR ah
it

i

— g - A
S PR S O

.

NI
PN

PO Y
ST

b. Translator center frequencies are equally spaced, and the
frequency of the translator of intevrest is in the center of
a sequence of translators.

c. The noise from the adjacent translators will be spread over
the pass band of the translator of interest.

d. The range receiving station's receiver bandpass character-
istic is the same as that of the translator's transmitter.

e. The translator of interest is a factor of 10 farther from
the range receiving station than the translators adjacent
in frequeucy.

To carry out this cal-ulation, curves of noise added by one
adjacent translator due to spectral overlap with the translator of
interest were constructed for both C/A and P codes. This was done
by multiplying the ad‘acent translator's output power in a 250 kHz
frequency interval by the receiver's attenuation in that interval
(the product is a function of the center frequency separation) and
adding products over the region of overlap. The signal-to-noise
ratio for a given tramnslator center frequency separation ard code
was then calculated by adding nois: contributions from translators
both higher and lower in frequency to tie noise for the translator
of interest (which, like that translator's signal, was reduced 20 dB

due to the relative distance assumption).

Curves of signal-to-noise ratio as a function <f translator
center frequency separation for C/A and P codes are shown in Figures
4-1 ana A-Z. Both curves are asymptotic to the negative signal-to-
noigse ratio axis as the center frequency separation approaches 0;
:he knee in the P code curve occurs because only the two translators
immediately adjacent to the translator of interest contribute noise
in the regiou between 25 MHz and 10 MHz. Figure A-1 shows that a
signal-to-noise ratio of -45 dB, the code loop lock limit, will
resuit if C/A code translator center frequencies are separated by
1.8 MHz intervals; the P code carrier loop lock limit is reached

with 19.5 MHz spacing (Figure A-2).
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4.0 CONCLUSION

:!v Two potentially conflicting requirements affect the separation
:ﬂ of translator center frequencies. On the one hand, center fre-
quencies need to be separated to provide a simple way to identify
the players; on the other hand, center frequencies need to be as
¢lose as possible to conserve rf spectrum in a many-player situ-
ation. Center frequency separations of perhaps 50 kHz are enough to
prevent carrier tracking loops in the GPS set from locking onto

- signals from adjacent translators, and hence will satisfy the first
] requirement. However, as center frequency separations decrease,
limiting signal~to-noise ratios are encountered at separations
comparable to translator bandwidths for both C/A and P codes, and

this condition zoverns.

[ The number of translatcrs that can be used at one time thus
'? depends on the frequency allocation that can be obtained. Five P
B code translators would take up the entire telemetry band, which
. would probably not be obtainable; in view of other demands for

spectrum, allocation for about five C/A code translators appears to

be the practical limit.

CAle L
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APPENDIX B
JTIDS TERMINAL CAPACITY ESTIMATES

1.0 INTRODUCTION

The Joint Tectical Information Distribution System is being
developed by a Joint Service program office to provide jam-
resistant, secure, digital voice and data links for tactical units.,
Two versions are being developed: TDMA for the Army and Air Force,
and DTDMA for the Navy. (DTDMA terminals can operate in a mode
compatible with TDMA, but not conversely.) TDMA is a message-
oriented architecture, DTDMA a channel-oriented architecture; both
are very complex, and indeed, are still evolving as equipment and
software are developed, making it difficult to pin down the capacity
of any JTIDS terminal. Several specific assumptions were made, and
the resulting estimates of terminal capacity may be regzarded as

indicative but should not be taken as definitive.

It is assumed that the reader is familiar with the basic fea-
tures of both the TDMA and the DTDMA versions of JTIDS. In this

appendix, only those features affecting the capacity calculations

will be discussed.
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2.0 ASSUMPTIONS

I

The principle assumptions used in the capacity estimates are as

R
- -
St
N

follows:

4

i

a. No range data are derived from operational traffic by the
range receiving station.

.

A
aaaala

el

b. Dedicated access is provided for player position reports,
teservation access for event reports. However; the
overhead associated with requesting and receiving
transmission time under the reservation access scheme is

ignored.

s
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c. The range is assumed to be electromagnetically benign, so
that the Reed-Solomon and double pulse anti-jamming
features of JTIDS are optional rather than required. Use
of either feature approximately doubles the number of bits
that must be transmitted to convey a given number of infor-
mation bits; use of both features approximately quadruples
the number of bits that must be transmitted. Because both
features increase the probability that a message will be
correctly received, use of either or both would be S
desirable if capacity is available. :

;’ 42
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3.0 OVERALL CAPACITIES OF TERMINALS

[

The terminal capacitlies appearing in equipment specifications

g

are summarized in Tables B-1 and B-2. These specifications should

be regarded as goals at this time, since it 1is not yet clear that

Lol

.i all of them will be attained. Two quantities are specified, an

average Iinformation throughput and a peak rate.

3
Y =N

The average information throughput (information bits per

second) 1s ¢2termined by the processing ability of the teruinal.

R
o

The numbers appearing in Table B-1 apply to the data part of the

H ZAERERE -
. T
R P

message only; sync bits, preambles, and headers, which are part of

Y 77
P
PRI

RTINS

every message, are not incluied. It should be noted that the
throughputs for Reed-Solomon coded and uncoded messages differ

because the Reed-Solomon code tits are not considered "data.” Om

M _‘.
N
RN
.
e
] '..

the other hand, each Reed-Solomon-coded word contains five second-

level parity bits to detect situations where th. decoder has cor-

;4 rected a word having more than 16 errors, and these five parity bits
II _re considered data. Similarly, the two word-format bits in each

. TIMA ReeA-Solomon-coded word and the 11 label and message—length
vits ‘a .he first word of the message are considervd data. Both
parity and word format bits are taken into account in sizing

.l messages for these estimates.

The DTDMA terminal specifications actually contain threc aver-
age throughputs, one for transmit—only, one for receive-only, anrd
L one for both transmit and receive concurraently. On a plot with
QH recelve raci- n the ordinate and transm!t capacity on the
abscissa, thiee points on a curve are thus given: the intersections
with the coordinate axe§ and one point between. The shape of the
curve connecting *these points depends on the details of the proces-

B sor, but 1% was - considered appropriate to go into terminal
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TABLE B-1
JTIDS TERMINAL AVERAGE INFORMATION THROUGHPUTS -«1
(k bits/second) o

Reed=-Solomon
Terminal Coded Uncoded

Y

TDMA Class I1I
transmit 58 120}
receive 116 2402

DTDMA Class I
transmit-only 140 280
receive-only 140 280

DIDMA Class II
transmit-only 40 80
receive—only 70 140

Lone packed-2 single pulse message in each of 128 time slots/sec.

2One packed-4 single pulse message in each of 128 time slots/sec.

L Sources: Referencee 32 and 33.

) L. 2R LIS
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TABLE B-2

-

JTIDS TERMINAL PEAK RATES
Terminal Peak Rate

TDMA Class II 128!

DTDMA Class I 2
transmic-only 1024
receive-only 8002

. .
S
CYRE
R
Se
- o!
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P ‘
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oA
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R

DTDMA Class I1I 2
transonit-only 2562
receive-only 400

lrime slots/sec.

2pata symbols/page (single pulse transmission).

Sources: References 32 and 33.
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capacity to this level of detail. Instead, DTDMA terminal
capacities were taken to be the transmit-only and receive-only

capacities,

The goal for DTDMA transmitters is a 25 per cent duty cycle,
resulting in a maximum of 256 pulses (data symbols) per page for the
single-transmitter Class II terminal and 1024 pulses per page for
the four-transmitter Class I terminal, as shown in Table B-2. All
pulses of the message are included, preamble and header bits as well
as information and coding bits. Since message overhead is a
function of channel mode, it was assumed that DTDMA range data is
transmitted on closed channels. These closed channels serve a fixed
number of users known to each other in advance, who continually
track each other by broadcasting and receiving sync pulses. Such
closed channe) users are approximately in sync all the time, znd the
messege preamble, which contains a series of sync pulses, can be
substantially shortened. The overhead associated with maintaining

the closed channel is also ignored.

TDMA is much less flexible. There are 128 slots per second,
and one terminal may transmit or receive messages in omne of four
formats in each time slot. The class II TDMA terminal now being
developed can transmit one packed-2 single pulse message in exch of
the 128 time slots, or a higher data density message in fewer time
slots, as long as the average rates shown in Table B-1 are not
exceeded. TDMA transmitter and receiver data rates are different
because the.(newer) receiver was designed to handle a new architec-
ture, while the existing transmitter was retained to avoid the

expense of redesign.

46

v h A - - T TN T N . - N - N .. .
. - Tt eV m . < - “ - . - e a '
laanaiunch o unionineden e it i o PTG Y WSS WEN e Am oo ioa A al.l.va e tm e ae -

\ S
PP~ SV

o
a2,

Loleiias

oo E
et

.'- k3

PR~



et e T am T e T TETATATAT RTATIANNN UWSR W TR UM VR P sl 2t ik Bl el 202l o Svn o, muode sieah Shes Ul Soul Bnh. Riekt MR S diira iy |
N B i W T T AT R R . N Pl R T \ e | .
P L \ NI N [N .

.'):

4.0 ESTIMATE OF TERMINAL CAPACUTIFS REQUIRED FCR RANGE DATA

4.1 Range Message Update Rates

-
L
«l.‘

Column 2 of Tabla B-3 lists the player position updaie rates

speciffed for the range systems cons‘dered. These update rates

could not be watched exactly with ~ither versicn of JTIDS because of.

the way in which wmessa, . start times are provided.

TDMA time slots are assigned in evenly spaced blocks of 2N pet
R apoch, where N tak2s integrel values O SN <15. Slots for updates
:. were a:3igned on this basis to yisld the update rates given in
column 3,

DIDMA message start opportunities occur at 6.554 x ZN

Caras TR0
!,,....._

miliisecond intervals, where N takes integral values 0 SN <9; that

is, every 2N pages. Column 4 of the table shows the update rates

used. One basic event interval per page is the swallest channel

TR T,
PR PRI

capacity that an be assigned.

The event-report rat~. nominally one per second, is 1.33 per
second for TDrA and 1.19 per second for DTDMA,

|

4.2 Message Len ths

The basic bullding block of the JTIDS messag-~ data section is a
155-bit (31 data symbol) word. All 155 bits may be information
bita; if the message 1s Reed-Solomon coded, 80 of the 155 bits are

Reed-Solomon code bits and another five are second-level parity
bits, leaving 70 information bits (.7 information bits in the first

TDMA word and 68 in succeeding words, as noted earlier).

The shortest TDMA message is the standcrd (double pulse) nes-—
sage containing three data words, capable of conveying 193 informa-

tion bits 1f coded and 465 information bits if not. As shown in

et - T RS it
N et S e,
. R N P

column 2 of Table B-4, the lcngest messages postulated for two

classes of players are 363 and 264 information bits, respectively.
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TABLE B-3

SPECLFIED AND CLOSEST ATTAINABLE UPD%TE RATES FOR
PLAYER POSITION REPORTS
(times/second)

e )
P JUS Sy S P

PR

Closest Attainable Rate t@

etk

Specified
Range System Rate DTDMA TDMA ~5

TACTS

high interest 20 19.1 21.3

low interest .833 1.19 .667
EATS

high d namic 10 9.54 10.7

medium dynami~ .625 .595 .667

low dynamic .313 311 .333
ATSPL

fixed wing high interest 5 4.77 5.33

fixed sing other 1 1.19 1.33

mobile groun .500 .595 .667

fixed ground - - -
MAFIS

fixed wing 10 9.54 10.7

helicopter 6 4,77 5.33

vehicle 1 1.19 1.33

troop .167 .311 .167

11.33/8ec (TDMA) and 1.19/sec (DTDMA) are used for the nominally
1/sec event report rate.

2These players do not make periodic position reports.
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TABLE B-4

TDMA MESSAGE LENGTHS

Information
Message Structure Bits Provided
Information 1 2 3
Megsage Type Bits Needed Coded Uncoded Coded Uncoded
Afrcraft position 363 packed—2 standard 397 465
report, fire event;
ship fire event
Surface player 264 packed-2 standard 397 465

position report;
non—-ship player
fire event

1S:lngle or double pulse
2Double pulse

3The data section of the message also includes 53 label, message

length, parity, and word format bits.
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The standard message 1s the shnrtest uncoded TDMA message availa-
R! ble. The coded standard message provides only 193 information bits, ~?
o however, and the next longer message, the packed-2 single pulse with 3

Zf{ 397 information bits, s required. Note that the terminai must pro-— ?f

cess all of the data bits provided by the message format, whether or
not they are used for range data, so that these unused bits count

against the capacity.

The corresponding message lengths for DTDMA are given in Table
B-5. Two words suffice for the uncoded 264-information-bit message,
while six words are required for the coded 363-information-bit mes-
sage. The message lengths given in the last two columns include
information bits, preamble and header bits (preamble E assumed), and
Reed-Solomon coding bits for the coded messages. Again, unused

information bits count against capacity.

4.3 Esgtimate of Range Data Requirements

Tables B-6 and B-~7 give the estimated percentages of terminal
capacity required for range data for TDMA and DTDMA, respectively.
The data requirements for individval players were calculated using
the position update rates of Table B~! and tlie message lengths of
Tables B-4 and B-5. To these were added an event message at the
nominal rate of one per second, even though players were not assumed
to generate ever.ts at that rate continually. The requirements for
the range receiving station do include events at the postulated

rates.
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TABLE B-5

DTDMA MESSAGE LENGTHS o

Information 1
Bits Provided Message Bits
Information

Message Type Bits Heeded Coded Uncoded Coded Uncoded

Aircraft position, 363 420 - 465 1105 640
fire event; ship
fire event

Surface player 264 280 310 795 485
position; non-ship

surface player

fire event

1Preamble E asgsumed
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TABLE B-6

CAPACITY REQUIRED FOR RANGE_ DATA:

o CLASS II TDMA TERMINAL

.

S Percent of one

. Terminal's Average Number of

Range System Data Throughput Nets Required

TACTS

- high interest player 18 .18

] low interest player 1 -

- rsnge receiving station 38 2.71

Ry

“ EATS

> high dynamic player 9 .09

s medium dynamic player 1 -

| low dynamic player 1 -

range receiving station 58 1.17

: ATSPI

- fixed wing high interest

F player 5 .05

l fixed wing other player 2 -
mobile ground player 2 ~
fized ground player 1 -
range receiving station 100 .01

" MAFIS

! fixed wing player 9 .09

helicopter player 5 .05

o vehicle player 2 -

- troop player 1 -

= range receiving station

= (200 players) 130 2.78

Fﬂ_ range recelving station

s (1000 players) 686 13.8

4

. 1Tmnsmit capacity for individual players, receive capacity for

p range recelving station.

1
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TABLE B~7

PERCUNTAGE OF CAPACITY REQUIRED FOR RANGE DATA:
DTDMA TERMINALS

1 Range Receiving 2
| Player Terminal Station Terminal
. Range Systen Coded  Uncoded Coded  Uncoded
:- TACTS
. high interest player z1 12 - -
ey low f{ntercuet player 1 i - -
- range receiving atation - - 29 17
V. (56) (34)
EATS
high dyncmic player 11 6 - -
medius dynamic player 2 1 - -
low dynawmic player 2 1 - -
range receivirg station - - 39 26
(25) (14)
AT3P1
{ixed wing high interest
nlayer 6 3 - -
fixed ving other player 2 1 - -
mobile ground player 1 1 - -
fixed ground player 1 1 - -
range receiving station - - 79 44
(40)  (23)
MAFIC
fixed wing player 11 6 - -
helicoptexr player 6 4 - -
vehicle plaver 2 1 - -
troop player 1 1 - -
range receiving stat ‘on
(200 players) - - 86 48
(55) (32)

range receiving station
(1000 players) - - 429 142
(275) (102)

1) ans II, transmit-only

2C1aas I, receive-unly
Parcent ot information throughput capacity=--upper figure
(Percant of maximum data symbols/page)--lower figure
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APPENDIX C
]I AVIONICS-BASED TRAINING CONCEPT

Because of the restrictions on modifying operational aircraft

(the only kind avajlable in large numbers for testing and the

. primary users of training facilities), data from air players in
tests and instrumented training exercises have often been in-
complete. Both the installation of sensors and the transfer of data
’ from sensor to data link transmitter have been problems. The iatro-
Hi duction of the MIL-STD-1553 data bus in aircraft provides a
potential long-term solution to the second problem, and acceptance
by the test and training communities of the data from aircraft
tactical systems made available by the data bus would help substan-

o tially with the first.

|
St A test application is described in a recent Naval Air Test
g Center report(34) where aircraft sensors and the 1553 data bus were

T used in engine accelerated service trials, climatic hanger

II operations, operational evaluation, and the tactical avionics test
{i program for the F/A-18A. Some care had to be exercised in the cali-
i; bration and maintenance of production avionics transducers, and some
;3 sensors for specialized data had to be added. Substantial savings
li both in cost (20-36 per cent of the cost of conventional approaches)
and time (six hours preparation, rather than six weeks) were

realized.

L The training application--the avionics-based training con-
L cept(35)--has perhaps even greater potential benefits. The goal is
to provide operational aircraft with built-in, world-wide training

capabilities. The concept's three key elements are the use of GPS

2 for TSPI; the use of iunternal aircraft systems to generate, and the
ol digital data.bus to pass, data; and the use of operational data
- communications systems (JTIDS) as the data link to the data col-
ff lection site. The only training-teculiar modification would be
»
o 55
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installation of training software in the aircraft computer, perhaps

with an operational override.

Training capability as an installed part of operational air-
craft would provide greater variety 8. ' realism in training
scenarios than is possible at fixed training sites, and would make

aining more readily available at lower organizational levels.
Lecause of its world-wide availability and commonality to all types

of players, GPS has a key role in providing this capability.
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" ATSP1

: BCD

I c/A

:'. DTDMA

‘.: EATS

. FAAR
GPS

;_; INS

E JTIDS

3 kHz

- km

% MAFIS

' MHz

1 msec
SINCGARS

- TACTS

. TASC

3 TDMA

TSPI

E-j

-

.
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GLOSSARY

Advanced Time-Space-Position Information
Binary-coded decimal

Clear Acquisition

Distributed Time Division Multiple Access
Extended Area Test System

Forward Area Alerting Radar

Global Positioning System

Inertial Navigation System

Joint Tactical Information Distribution System

Kilohextz
Kilometer

Mobile Automated Field Instrumentation System
Megahertz
Millisecond

Single Channel Ground and Airborne Radio System
Tactical Aircrew Combat Training System
The Analytical Sciences Corporation

Time Division Multiple Access
Time-Space-Position Information
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