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12 August 1970

| TO: NAVINTCOM NIC-2
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| this presumably i
to the ephemeris
. system electronic
| .of an indivudual

effects, and 4)
At Presgiite

he questions of the DSB of 10 August 1970.

respect to the ability of the system to perform

position fixing, Please furnish us with an error Model of the system:

ncludes, but may not be limited to, (1) the errors due
state vector of each spacecraft, (2) the ability of the
s to preserve the accurate measurement of the rise-time
source radar pulse, and (3) the basic timing accuracy

of the entire ensemble of hardware and software. Also give us the results
of your analysis of the optimum spacing of the two spacecraft, as a ..
function of the ephemeris accuracy and source radar bandwidth::::::::

}) vehicle positioning, 2) data handling variations in the electionics,

} 1.The major sources of error which influence location accuracy are
: 3) variable propagation delays due to ionosbheric and tropospheric

accuracy of the collection site clock.
ximum vehicle  positioning errors are within 1.5 NM

. (Technicalaunder development yield maximum errors of 0.5 NM). ¥Yehicle

positioning error

grrors due to pos
i

s tend to produce comprable errors in the resulting

cy ‘ i location:when both vehicles reflect similar positioning errars. However:

itioning of one vehicle with respect to the other are

i often amplified when deriving a location.

! i Present site clock accuracy is retained within 10 milliseconds and
: " the short time stability is within one part in 108. Real time errors
| within these limits reflect nealigible errors in location reanlts

|
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‘ l x-j smaller angles. Thus, thej accuracy with which a location may be found - ,
. | " is highly dependent on the! intercept geomé'try, the numbetr and size o i
o ! 1 of the signal bursts, and the period of time over which intercepts are i
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Lo QUESTION # 2= Reallzlng that it depends on c1rcumetances, please
$ ' give us.some data as to the ability of add1t10nal,|but presently avail- l

:- k | able, hardware and software to reduce the present processina time In ‘
l‘\\y 't | thie ~antevt nrocea ! he +ime Frnml

—der

V'8

EP \""!‘:"“:i"”-1 £ vare and software in operationaluse at the overseas
sitle J—ﬁés been ; continued evolution for improvement in both
accuracy~anderéduction in processing time since first deployed in April
| 1967. The Data' Format used. for the digital magnetic tape going to
NSA is made as brief and concise as possible so that it may be moved
electrically if the need should ever occur. The on-site processing
+ however, requires that this data be reformatted so that the precise
. time of each pulse is available in digital form and not the ‘time
relatlve to a one-second benchmark as given in the NSA format. The
reformattlng is essential when ever data is to be processed at the site.
The major goals for the operational software can be broken down into
the following categories:

1) Isolation of the single emitter family from a background of
-other families contained in the same data task.
2) Isolation of a single emitter from others of the same type or
family by sorting out the periodie antenna scans or bursts.
3) Determination of the center time of each burst and the Average
! Pulse Repetition Interval (PRI).
4) Emitter Location routines.

' The major area of eXpediting present software lies in the potential
for chaining certain of the present software routines into a series which
i operates from start to finish with little human interface or intervention.
| This technique is contrary to the existing philosophy of selective

' processing as opposed to Batch processing, and thus has not enjoyed
!
l
|
1

,! a very high priority in software development. At such time as the
-'I processing goals for the site become stereotyped and routines established
this chaining of programs into series can beoome cost effective.

. i In the Hardware area there is now underway a development of a simple
4//’ extension of the present Analog to Digital Data System (ADD/S), which .
&ill extract certain channels of the data stream and will automatically
reformat them into the laenguage required for local processing. This
Prlorlty Data Extractor (PDE) will operate in parallel with the estab-
lished system for production of NSA tape. It is considered that this
PDE system will when deployed, allow the local processing of selected
data from all three (L-kahd, S-band and X-band) portions of the ocean
surveillance frequency spectrum except in the Eurpean portion of the
. \\\\world where the data population is excessive. '

In order to successfully process X-band in Europe and keep up with
the data collection, it will be necessary to accomplish all the required
data sorts given above within the period of one hour after the data is
taken. This will require additional computational power and speed.

\ey“””' _Such a system , with outstandlng attributes of Pmw cessing Speed and
=~ "“I/O flex1b111ty ed, is currently available from the sape manuf-
| —i) computer system, Systems Engineering Laboratory
' rida. This computer is named the SEL Systew-du
vrinl 3 Ak w4 ©79% qnA A, HANDLE Via BYEMAN
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the special interest (Navy) Ocean Surveillance processing could be
increased by at least a factor of 10.
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The rist for attalnlng the present SEL-810 proce551ng capability with
, the new System-86  is minimal since the two instruménts are designed
i and manufactured by the same company a continuity 5f operational,
g?, L tralnlng and logistic background already is in existence.

'

‘The maj or

.f TR afea*of*advanta e of the System-86 is in the tremendous potential which
' being able to process data in real-time. ‘

Therefore,

n of presently available hardware and software the
sing capability can be increased by a factor of 4 and

[
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This memo is in response to your recent request for information on

L, 1) factors that: mfluence the accuracy of‘ Jtechniques and
j%)ﬂ)roces g §3 ﬂra.-ntaig pe gained by employlng additional "presently
‘T dvailablie lf-cfuware.}
B wi}; -lleu ofmgq formal ana1y51s report it was decided to address the

accuracy question by:

l. Presenting those factors that influence locations and discussing
their relative significance.

2. Describing the field-employed location rating technique and
giving examples of confidence.

3. Listing the number of Outstanding, Excellent, Good, etc. shipborne
locations that have been reported in a recent period to illustrate
the quality of present accomplishments against shipborne targets.

(Information for number‘3 above would be derived from recent location

reports in your file.)

. Our comment on employing additional '"presently available" hardware is
meant as backup to support the proposals already in your hands.

Please use this infofmation at your discretion and feel free to

N contact us if we may be of help in editing it.
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Response to Reguest 1

The major sources of error which influence location accuracy are

S ul):yebig%gzggs@tioning, 2) data handling variations in the electronics,

3z vari Ié'pﬁéf delays due to ionospheric and tropospheric effects, and

; o%} _ection site clock.

present, maximum vehicle positioning errors are within 1.5 nm.

(Techniques under development yield maximum errors of 0,5 nm.) Vehicle
positioning errors tend to produce comparable errors in the resulting location
when both vehicles reflect similar positioning errors. However, errors_in’qéga Lo
positioning of one vehicle with fespect to the other are often amplified when
deriving a location.

Present site clock accuracy is retained within 10 milliseconds and the
short term stability is within one part in 108. Real time errors within these
limits reflect negligible errors in location results,

Adaptive thresholding techniques in the receive electronics permit
calibrating out the significant system delays, leaving a time of arrival (TOA)
standard deviation less than 2 usec. TOA errors are also introduced by
variations in propagation delays. The magnitude of these errors does not
exceed 0,5 usec,

. The extent to which each of the sources of error affects the calculated

location, however, depends very strongly on the geometry of the intercept.
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Response to Request 2

Recent activities to pursue processing have revealed many
O areas where time savings can be achieved.
\\—/

in 3 to L hours.

Presently, routine data is processed
Selectively sorted high interest data fed directly to an

e ,Qn:;!igpg’ {;gk%mpu‘ger could certainly produce locations for up to ten emitters of
, T thewsamets in an hour,
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