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Where practicable, existing installations should be employed or modified to extend o
their usefulness. A relatively simple device known as the Retrace Insertion Unit (RIU) s
has been developed and can be employed with any of the Navy’s fixed-coil radar repeaters -
(such as the VK, VK-2, VK-3, VK-4, VK-5, VN, SPA-8, SPA-9, and SPA-8A), which total -
over 4000 installed or in production. The use of the RIU permits the modernization of
these indicators with a minimum of time and expense, extending their usefulness without
affecting the original utility, and preventing the obsolesence of equipments representing
a large investment in money and time.

The addition of electronic devices to facilitate the stated objectives, should be held
to minimums of size, weight, power requirements, and complexity. Disruptions of CIC
layouts necessitating shipyard overhaul should be avoided; where feasible, units designed
to be installed by shipboard personnel would prevent tying up the entire ship and would
result in savings in time and expense.

Due attention must be devoted to the possibility of failure or damage to components
during critical engagements. Two simultaneous approaches to this problem seem prudent.
First, more rapid servicing of equipment can be promoted by providing convenient per-
formance test points, through use of telltale failure indicators, and by employing plug-in
circuit packages which permit rapid replacement, allowing a defective unit to be repaired
at a more convenient time and place. Second, the failure of a circuit, unit, or an entire
equipment should not prevent the use of the basic device (such as a radar indicator, if
still in service) in the same manner as employed in CIC practice today.

Any devices, equipments, components, or techniques should be adaptable to all classes
of service. Although these problems are being studied primarily in the light of surface-
ship CIC requirements from the smallest picket to the largest command ship, the special-
ized requirements of the submarine and airborne CIC’s should be incorporated, or at least
considered, to permit adaptation with little or no construction differences.

The techniques, components, and their operational employment should be completely
compatible with present and proposed systems. Each ship, submarine, or aircraft CIC
should be able to be self-sustaining in conducting its own air defense, but should also be
able to coordinate its efforts with other craft in the task force, sharing data, controlling
CAP’s, and participating in all manner of defensive and offensive maneuvers, whether
those craft are fitted with present day equipments or with the more automatic devices
proposed for future command ships. The choice of techniques should be such as to allow
technical advances to be added as they become available, extending the useful life of the
system for many years beyond that of “short-term” or “interim” equipments adopted with-
out concern for a smooth transition as the technology and tactical employment demand.

SYSTEM DESCRIPTION

The Electronic Data System was designed primarily for use with the picket ship,
because in this service are found most of the functions of air defense performed on the
largest of command ships, differing in that ordinarily fewer targets are held under sur-
veillance, and in that the problems of task-force coordination are not involved. Since the
picket ship must often operate somewhat independently because of its station well inadvance
of the task force center, it must be self-sufficient in its ability to conduct air intercepts,
and to defend itself against direct attack. The larger numbers of picket craft will, in the
aggregate, involve more equipment than the command ships; they represent a greater invest-
ment, and a correspondingly larger conversion problem. The position of the picket ship
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Air Intercept Assignments — From the information presented and available, the super-.

visor will choose targets to be assigned to the Air Intercept Controllers, also on the fourth
line, pairing raids with optimum interceptors, and causing all pertinent data to be prop-
erly channeled by means of the Pairing Panel shown on the third line.

Three-Coordinate Target Designation — Targets entering the gunnery action ring or
area, roughly 40 miles in radius, will be noted by the Gunnery Liaison Officer from the
Automatic Summary Plotting Board ( ASPB), at which time they should begin to appear on
his short-range PPI. The Gunnery Liaison Officer switches the X~, Y-, and Z- coordinates
on the chosen target in one operation by matching the target number with the director num-
ber. Thereafter the designation is given continuously and the director action is observed
on the PPI. Since these three coordinates are already kept current by the CIC team, and
since plan coordinates will be continuously predicted through aided tracking (automatically
provided by Velocity Derivation), this method should give superior designation data and
result in significantly lower acquisition times. For the benefit of the Gunnery Officer
when stationed outside CIC, a small version of the ASPB (not shown on the block diagram)
may be installed at his station, presenting relative-bearing data on all targets being auto-
matically tracked by fire-control directors. Through this presentation, his assignment
of gun batteries to directors can be carried out with dispatch. Overriding facilities at
this point would permit the choice of target-designation data from Visual Sources for
assignment to directors.

Data Transmission — The Data Reporting System also shown in the bottom row, as
proposed, will sample all stored data, convert it to digital form, and transmit it over
standard voice-communication channels to the command ship. Target data would be
reported from each picket on a sequential basis timed by “transmit” orders to and from
the command ship.

NRL Techniques

A number of equipments have been developed at the Laboratory aimed at meeting the
operational requirements previously set forth. Many of them will have application in other
data-handling and systems studies, and have been designed where possible as independent
units. The features of the principal developments are as follows:

Electronic Pencil Coordinator — The Supervisor, Trackers, and Gunnery Liaison
Officer are provided with search-radar Plan Position Indicators having a conducting-glass
overlay which replaces the standard glass cover or reflection plotter assembly. The com-
plete assembly is shown in a typical installation in Fig. 2. Figure 3 shows the conducting-
glass plate and the mounting head dissembled to show the method of contacting the glass.
In Fig. 4, it may be seen that the conducting surface of the glass is excited in a rectilinear
fashion in two dimensions on a time-sharing basis allowing a single-contact “pencil” probe
to be used to sample voltages proportional to the X~ and Y-coordinates of the probe posi-
tion when in contact with the glass surface. Synchronous detection circuitry is followed
by the integration of each output, providing X and Y dc voltages. Suitable alignment con-
trols permit a one-to-one correspondence with the radar presentation immediately below.
Contact between the pencil and the glass conducting surface at any point is also detected,
causing a multiple-contact relay to operate and control numerous tracking and display
functions. Requiring only one vacuum tube (for the relay operation) and no dc power sup-
ply, the circuitry is relatively simple, and free from maintenance problems. The compact,
light-weight chassis shown in Fig. 5 is readily adaptable to a variety of installations. It
is shown installed as the third panel from the top of the rack in Fig. 2.
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A number of operational features have been included as follows:

(a) Only one push-button operation is necessary to “clear” a channel and prepare
for a new target. pop-

(b) EPC positionings and repositionings are made at the discretion of the opera-
tor, without requiring him to choose the same antenna bearing each time or
to be limited to a single or fixed number of antenna turns.

(c) Twenty~two antenna turns represent the period of time within which the oper-
ator is expected to make at least one, but perhaps no more than two, track
repositionings to establish an accurate velocity. Further repositionings by
the operator after the 22nd antenna turn do not affect the established velocity
for a nonmaneuvering target. Permitting velocity to be computed over a num-
ber of antenna scans results in a corresponding increase in the accuracy of
computed velocity and will integrate out many target and radar system vari-
ations such as fades, glints, and other short-term errors.

(d) The terms o and 8 have been used to describe system factors applied to repo-
sitioning and velocity computing functions. The term «is the proportion of
X and Y repositioning entered into store, and g is the proportion of the
change in velocityAX and AY stored with each repositioning operation based
upon adjacent antenna scans, In the case of Velocity Derivation, during the
period of 23 antenna-scans, the so-called B8, or velocity modification factor,
remains 1.0. This is because repositionings are always based upon the initial
target position, or reference point, unless a change in course or speed has
been noted, in which case 8 may be modified to become 0.5 or 0.25. The ¢,
or position modification factor, is always 1.0. The g factor term as herein
used differs from that used by others, since VD maintains a fixed reference
“point” for more than one antenna revolution.

(e) Discontinuous velocity integration is provided the tracker only, to correspond
with the inherent discontinuity of the raw radar data, and permit him to make
more accurate adjustments. The marker “jumps” at the instant the antenna
crosses the target bearing, which means that the marker moves in step with
the raw radar “paints” if the computed velocity is correct.

(f) Continuous velocity integration is presented to all other users of data, via a
store cathode follower, providing the prediction of target position between
radar scans,

(g) Target bearing is available as a dc output from a cathode follower. Slant
range in dc form can also be stored and made available if desired for R# data
users at a cost of one more envelope per target.

In Fig. 12, it may be seen that Velocity Derivation is accomplished by sampling the
position differential step-functions developed on the X and Y Store Capacitors at the time
a repositioning is stored by the tracker. These differential voltages are increased by the
AX - AY Amplifier to the scale required for Velocity Storage, then they are channeled by
the tracker’s store stepping-switch to the Velocity Store Capacitors. Individual cathode
followers read out the X and Y velocity voltages for other users, and provide the source
for the discontinuous and continuous integrations. A pair of transfer storage capacitors
charged to the outputs of the Velocity Cathode Followers are employed as constant-current
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from track position differentials. The five buttons at the indicator (the control box in
Fig. 11, which has been mounted at the left side of the SPA-8a in Fig. 2) control

the velocity computer operation, and signify: I = initiate; R = reposition tracking only (no
rate change); and 1, 2, and 4 = the denominator in the fraction representing the g factor.
The operator’s AX and AY amplifiers, and the XY to 6 (dc) converter are mounted in the
chassis shown in Fig. 11. .

In deriving velocity,

e
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where
X = the resolved coordinate of target velocity in knots,

D = the distance in nautical miles between the initial reference radar blip
and the last observed echo, and

T = the total time between the first and last radar “paints” in hours,

and

where
t = the time for one antenna revolution, and

= the number of antenna revolutions since the initial reference b11p, as
counted by the stepping-switch voltage divider.

Assuming the antenna rotation rate is a constant, t can be combined with the voltage gain
established by the AX amplifier to form the factor

_k
Tt
where
k = gain of AX amplifier.
Then
£ = Kd
TN
where

x = computed velocity in volts representing 5{, and
d = position voltage difference representing D.

The same would hold true for the resolved Y coordinate of target velocity. No accounting
is taken of the ship’s velocity, or the effect of the ship’s maneuvers on the true

q

DECLA

j,i%
{5}
2
]
i
o






































































o DECLASSIFIED
“ NAVAL RESEARCH LABORATORY 39

more, especially when his work is supervised by the GLO, who assumes the responsibility
for decisions concerning relative threat, choice of director assignments, and pertinent tac-
tical problems.

Weapons Control Station — With some minor modifications, including the elimination
of the features exclusively devoted to Air Intercept Control, the EDS could readily provide
a basis for a Weapons Guided Missile and Gunnery-Control Station, with a nominal tracking
capacity of perhaps 12 targets, or more if desired. Eight to 12 directors would be control-
led by 2 minimum of personnel. One detector, one tracker, and one evaluator would supply
all data from two PPI consoles and one RHI console, with one or two relative-bearing tac-
tical displays for the Gunnery Officer and his assistants to work out optimum target-
director-gun battery engagements as well as general tactical strategy for the ship’s
ordnance.

Other Data

ECM — Electronic Countermeasures data must be incorporated into any data-processing

system which attempts to utilize all tactical data and provide a maximum of Fleet protec-
tion., ECM intercept is capable of very early warning and evaluation by entirely passive
means, and might be depended upon as a sole source of data during radar silence conditions.
Facilities can be provided to permit coded bearing data to be displayed on the tactical dis-
play through category selection so as to indicate significant intercepts in summary form.
Additional ECM data will appear on suitable status boards.

ASW - The nature of ASW data sources has posed some minor problems in the appli-
cation of data system of the EDS type. ASW location devices operate on sonar and other
physical target data which is generally less reliable than that obtained by radar, ECM, and
opticson surface andairborne targets. The problem here lies inthe necessity of establishing
the reliability of the target data, and identifying it as such, as well as the type of source
from which the data was obtained. This, coupled with the probability that the maximum num-
ber of targets (and consequently the tracking capacity) would be small by comparison with
those encountered in the air-defense problem and with the fact that the targets move much
slower would call for a considerably different approach to the data-handling problem.
Nonetheless, most of the electronic techniques of the EDS could be adapted to the ASW data-
processing requirements.,

Significant summary data from a hunter-killer ASW team could be added to the tacti-
cal display, as in the case of the ECM data, permitting command to be advised of positive
contact data. The category-selection facilities would present this data in any combination
with other stored EDS data.

Navigation — It is conceivable that the EDS may offer some aid in the problems of
navigation. Specialized equipment adapted to this purpose could be installed in the COTP.
If assigned to the tracking of surface craft, the problems of station keeping and surface
tactics would be eased. Automatic plots may be of assistance in the routine keeping of
ships positions. Further study of this problem must precede a more detailed proposal,
but some indication of the utility of this feature may be obtained in the forthcoming oper -
ational evaluation.
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APPENDIX A
Tube Complement and Weights

The following is a tabulation of the vacuum tube complement of the Electronic Data
System as of the present time. There are occasional minor changes in this number, usu-
ally resulting in a reduction, due to continuing efforts to improve its suitability for Naval
Service. Unit weights have also been tabulated and totaled. The major sections of the
EDS are treated separately. These features may be added in various combinations as
desired. This list does not include the standard radar indicators which are presumed to be
installed prior to the introduction of the EDS.

Tube Unit No, of  Tube Weight
Unit Envelopes Weight Units Totals Totals
(1bs.) (1bs.)
Capacitor Store 5 50 1 5 50
Supervisor or Tracker Console:
EPC 1 10 3 3 30
RIU I 8 8 3 24 24
Commun. Panel 1 5 3 3 15
Total per Console 11 23
Power Supply 20* 325 * 1 20%* 325*
55 . 444
DCACPC (ASPB) 9 7 1 9 7
ASPB 0 300 1 0 300
ASPB Servo 4 25 2 8 50
ASPB Servo Power 2 50 1 2 50
TNIP 0 1 1 0 1
TDIP 2 5 1 2 5
1 413
Velocity Derivation 5 track 24 tracks
120
HSI Store 0 20 1 0 20
XY-R6 (RHI) 10** 100** 1 10**  100%**
AIPP 0 15 1 ) 15
130 135
Air Intercept Controllers (Two
handling four intercepts each)
RIU III 9 8 2 18 16
8CES 25 8 2 50 16
AICP 0 12 2 0 24
Commun. Panel 1 5 2 2 10
70 66

*This power supply has a 100% reserve for the EDS when all
features described in this report are included

**Redesign of these items should result in reductions in both the

weight and electronic circuitry ‘
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