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Required for all

for 410-2 antenna

for 410-3 antenna

Twenty element Twenty element Twenty four
410-2 410-3 element 410-6
Number of 20 -20 24
Elements
Freguency 1.5-30 MHz 1.5-30 MHz 1.5-30 MHz
Range -
Polarization Vertical & Horizontal Vertical & Vertical &
: Horizontal Horizontal
Directive gain 9-17 dBi 9-17 dBi 11-19 dBi
Azimuth ~60° to ~22° ~980° to ~22° ~32°to ~15
Beamwidth o
Elevation Take-off 60° to 25° 60° to 25° 48° to 15°
| Angle
System Sensitivity -25 to —12 dBuV/im -25t0-10 -26 to —17
(10dBSNRin 3 dBuV/m, dBuv/m
kHz bandwidth)
Application Short/Medium Range Short/Medium Medium/Long
0-2500 km Range 0-2500 km | Range 500 -
4000 Km
Suitable for YES YES YES
Direction Finding
(DF)
Suitable for DF YES YES YES
with Single Site
Location (SSL)
Environment 160 km/h wind, 160 km/h wind, 225 km/h wind,
no ice no ice no ice
Instaliation Area 300mx300m 215mx215m 350mx350m for

410-6 antenna

Antennas
Antenna Height 41 m 410-2 29 m 410-3 41 m 410-6
Compatible with Yes, requires Yes, requires Yes, requires
RF Distribution distribution of 42 distribution of 22 | distribution of 50
antenna outputs: antenna outputs: antenna
-40 directional -40 directional outputs:
-1 omni (hor. pol) -1 omni (hor. -48 directional
-1 omni (ver. pol) pol) ' -1 omni (hor.
-1 omni (ver. pol) | pol)
-1 omni (ver.
pol)
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$A % Miz K5 R & I R 4%
3.0 1.0 dB 34.0 dB
5.0 0.0 dB 19.0 dB
10.0 0.5 dB 12.0 dB
15.0 1.0 dB 3.8 dB
20.0 1.5 dB 3.5 dB
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Frequency Sensitivity(dBuv/m) Sensitivity(dB
uv/m)
MHz 5m Monopole Antenna 402-3 Antenna
2 -0.8 -10.5
4 -6. 8 -25.4
8 -12.7 -23.5
16 -16.6 -23.7
30 -12.5 -21.2
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A Dielectric Comnpany

MODEL

402/410

HF Horizontally and Dual-Polarized

High-Gain Receiving and DF CDAAs

The TCI 402/410 series of circularly disposed antenna arrays
(CDAAs) uses a set of high-gain beams covering the full 360°
azimuth to provide very sensitive HF signal reception and
direction finding (DF) in a single structure. The 402 and 410
series log-periodic antenna arrays offer the ultimate for short/
medium-range or medium/long-range reception and DF. The 402
is horizontally polarized; the 410 is dual polarized.

Inreceiving applications, the 402/410 CDAAs require significantly
less space than a group of full-band, high-gain log- periodic
antennas providing complete azimuth coverage. This makes the
402/410 highly advantageous when available land is limited
or real estate at a premium. A set of 20 or 24 evenly spaced
beams ensures exceptionally sensitive receiving coverage at all
azimuth angles. Directive gains of up to 19 dBi are available.
Omnidirectional and 60° azimuthal beams are options.

In DF applications, the 402/410 provides signal acquisition and
DF with 1.6° rms azimuth accuracy, the limit achievable in
ionospheric propagation. The 402 horizontal array is the most
sensitive of all circularly disposed antenna arrays; other CDAAs
are vertically polarized and experience higher received radio
noise. The 402 is cross polarized to vertically polarized man-
made noise. Field measurements show that the 402 receives
much less atmospheric noise than vertically polarized monopoles.
Sensitivity measurements on the TCI Model 402 show outstanding
improve-ments of up to 20 dB over typical vertically polarized
systems.

* The ultimate in HF signal
sensitivity
- Acquisition
- Monitoring/ Communications
- DF

« Exceptional DF accuracy

« Single Site Location (SSL)
capability

* Short, medium, and long range
* Very efficient land use

The Models 402-2 and 402-3 are short/medium-range antennas
with good overhead coverage, which makes them excellent
choices for Single Site Location (SSL) applications. The TCI 802
HFDF system uses the 402-2 or -3 to measure the elevation and
azimuth angle of arrival. The 802 system then uses additional
ionospheric height measurements, provided by the TCI 820
Vertical Incidence Sounder, to determine HF emitter location.
SSL accuracy is +25 km at 0~200 km from the SSL site and 12%
rms at 200-1000 km.



Typical TCI Acquisiton, Monitoring and DF Application

820
Sounder
Comms Link
8400
i 8060 to Remote
gg'};";‘:&i‘cg DF Processor Location
by T 8410 Automatic Signal 8011
. > Switching Acquisition Comms 8013
', Matrix Equipment Server %g@gﬁé“n"

SRR
402/410 Monitoring N
Antenna Array and/or Comms g
Receiver 8

402 Horizontal Antenna Array
A central underground operations room houses all
electronic equipment components.

Antenna Performance

Model 402-2 Model 402-3 Model 402-6
Model 410-2 Model 410-3 Model 410-6
Number of Eiements 20 20 24 ) 7
[Frequency | 151030MHz | 15w0aomMz 151030 MHz
| 402 Polarization | Horizontal | Horizontal Horizontal
| 410 Polarization | \Vertical and Horizontal | Vertical Ve izontal

_DirectiveGain | 9to17dBi 9t017dBi 11 o
Azimuth Beamwidth | 60to22degrees |  90to22degrees 3210 15 degrees
 Elevation Take-off Angle | 60 to 25 degrees. 60 to 25 degrees . 481015 degrees
| _Environment . - 160 knvhr no ice 160 km/hr no ice | 225 km/hr no ice
(Height | 41meters | ometers | 4imeters |
Diameter | 300meters | 215meters | 3S0meters
Sensitivity (10 dB SNR —25 to —12 dBuV/m —25 to —10 dBpV/im —26 to —17 dBpV/m
| in 3 kHz bandwidth) | (typical system) | (typical system) | (typical system)
Sensitivity (10 dB SNR For 402-2 HP only For 402-3 HP only For 402-6 HP only
in 3 kHz BW) with no —-33 to —26 dBuV/m —28 to —16 dBuV/m —44 to ~27 dBuV/m
_extemalnoise | (ypicalsystem) | = (typicalsystem) | (typicalsystem) J
Short/Medium Range Short/Medium Range Medium/Long Range

Application 0 to 2500 km 0 to 2500 km 500 to 4000 km




Beam Radiation Patterns*: Horizontal Sub-Array
Models 402-2, 402-3, 410-2, and 410-3 (Horizontal Polarization)

Elevation

% €0

At 60° elevation
4 MHz
11.1 dBi**

At 65° elevation

8 MHz
12.3 dBi

At 40° elevation

14 MHz
13.3 dBi

Models 402-6, and 410-6 (Horizontal Polarization)

Elevation
0 90

At 35° elevation
28 MHz
17.4 dBi

30

Azimuth
90 80

At 40° elevation
4 MHz
14.6 dBi™™

* Plotted in dB relative to beam maximum
ek e N .
Directivity is given for beam maximum

At 35° elevation
8 MHz
16.1 dBi

At 25° elevation
14 MHz
17.8 dBi

At 10° elevation
28 MHz
17.2 dBi




Beam Radiation Patterns*: Vertical Sub-Array
Models 410-2, and 410-3 (Vertical Polarization)

Elevation
30 60

At 25° elevation At 35° elevation At 25° elevation At 25° elevation
4 MHz 8 MHz 14 MHz 28 MHz
12.0 dBi** 12.8 dBi 13.8 dBi 16.8 dBi

Models 410-6 (Vertical Polarization)

Elevation
- 0 § 80
Azimuth
30 80
At 25° elevation At 20° elevation At 20° elevation At 20° elevation
4.0 MHz 8 MHz 14 MHz 28 MHz
14.9 dBi** 14.8 dBi 17.3 dBi 17.2 dBi

* Plotted in dB relative to beam maximum
**Directivity is given for beam maximum

402/410-030401© TCI, 2001
R Data and specifications subject to change wmu:fut notice.
( www.tcibr.com
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Introduction

This proposal presents several alternative solutions for an HF Receiving System
(HFRS), and provides the explanation of trade-offs between those different solutions.
The HF Receiving System includes an antenna array, RF distribution, RF switching and
cabling necessary to provide RF inputs for a large number of HF receivers. There is
also an added complexity due to the fact that the antenna array is located several
kilometers away from the monitoring facility.

All of the HFRS components contribute to the overall system performance in
terms of sensitivity and dynamic range, but it is the choice of the antenna that ultimately
determines the system sensitivity. Based on that, this proposal first deals with the
antenna selection, followed by the discussion about the effects of RF distribution, RF
switching and cabling choices.

Antenna Selection
The requirements for the antenna are to provide very sensitive HF signal
reception, with full 360° azimuth coverage, for HF signals transmitted from distances
ranging from nearby to thousands of kilometers. Clearly, to achieve this type of
performance it is necessary to consider a multitude of antenna parameters, and
carefully examine the tradeoffs between those parameters.

Antenna parameters include:

1. Frequency Range
a) Low frequency
b) High Frequency

2. Azimuth Coverage
a) 360° azimuth coverage
b) Directivity

3. Elevation Coverage
a) Propagation Distances
b) Polarization

4. System Sensitivity
a) Antenna Noise Factor
b) Environment RF characteristics

5. System Expandability

The requirement for high sensitivity and full 360° azimuth coverage dictates an
antenna configuration that uses multiple circularly disposed, high-gain, log periodic
antennas. Based on requirements, and in conjunction with the requirement for full
frequency coverage from 1.5 to 30 MHz, TCl recommends the following antenna
configurations:
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e Inward facing array of eight horizontal 548-3 log periodic antennas
e Outward facing array of eight horizontal 548-3 log periodic antennas
* Inward looking array 402-3 consisting of 20 horizontal log periodic antennas

The performance characteristics of these antennas are summarized in the following

table:
Inward looking Outward looking Inward looking
eight element eight element twenty element
548-3 548-3 402-3
Number of 8 8 20
Elements
Frequency 1.5-30 MHz 1.5-30 MHz 1.5-30 MHz
Range
Polarization'" Horizontal Horizontal Horizontal
Directive gain 7-12 dBi 11-12 dBi 11-12 dBi
Front-to-Back >4 dB >12 dB >12 dB
Ratio
Azimuth ~70° to ~30° ~70° to ~30° ~70° to ~20°
Beamwidth
Elevation Take-off 20° to 60° 20° to 60° 20° to 90°
Angle

System Sensitivity
(10 dB SNR in 125
Hz)®

-50 dBu to —35 dBu

-50 dBu to -35 dBu

-38 dBu to —24 dBu

System Noise 36to 14 dB 36to 14 dB 44 to 14 dB
Figure®
Application Medium Range Medium Range Short to Medium

500-2500 km 500-2500 km Range 0-2500 Km
Omnidirectional Requires a Requires a Included
Coverage with separate antenna separate antenna
Horizontal TCI Model 530-3 TCI Model 530-3
Polarization
Omnidirectional Requires a Requires a Requires a

Coverage with
Vertical
Polarization for
Ground Wave
Reception

separate antenna
TCIl Model 638-2

separate antenna
TCI Model 638-2

separate antenna
TCI Model 638-2
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Suitable for
Direction Finding
(DF)®

NO

NO

YES

Suitable for DF
with Single Site
Location (SSL)*

NO

NO

YES

Optional High
Directivity
Beams®

NO

NO

YES, directivity up
to 18 dBi

Environment

160 km/h wind,
no ice

160 km/h wind,
no ice

160 km/h wind,
noice

Installation Area
Required for all
Antennas

250mx250m for
548-3 antenna

91mx91m for
530-3 antenna

15mx15m for
638-2 antenna

Total installation

350mx350m for
548-3 antenna

91mx91m for
530-3 antenna

15mx15m for
638-2 antenna

Total installation

215mx215m for
402-3 antenna

15mx15m for
638-2 antenna

Total installation

area 500mx500m area 600mx600m area 450mx450m
with with clearance with clearance
clearance area® area’® area®
Antenna Height 40 m 548-3 40 m 548-3 29 m 402-3

Compatible with
RF Distribution

Yes, requires
distribution of 10
antenna outputs:

-8 directional

-1 omni (hor. pol.)
-1 omni (ver. pol.)

Yes, requires
distribution of 10
antenna outputs:

-8 directional

-1 omni (hor. pol.)
-1 omni (vér. pol.)

Yes, requires
distribution of 22
antenna outputs:

-20 directional
-1 omni (hor. pol.)
-1 omni (ver. pol.).

" Polarization for sky wave reception. For ground wave, that is vertically polarized,
there is a separate antenna.
@ System noise figure and sensitivity are based on the similar RF distribution and
switches connected to all antenna types, to allow the comparison of the antenna

8erformance.

) Model 548-3 antenna array cannot be configured and/or modified to be suitable for

DF use. Model 402-3 is specially designed to be suitable for DF.

“ Model 402-3 is specially designed to be suitable for SSL operation.
) Model 402-3 can be optionally connected to the beamformer units that provide -

narrow highly directive monitoring beams.
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® Total Installation area accounts for the spacing between various antennas and
clearance to the nearby structures.

Antenna Patterns Comparison

The elevation and azimuth patterns for three antenna configurations: inward
looking 8 element 548-3 array, outward looking 8 element 548-3 array and 20 element
inward looking 402-3 array (both element and beam) are shown below. Figure 1 shows
comparison of elevation patterns for a standalone 548-3 antenna, and both inward and
outward looking arrays consisting of eight 548-3 antennas.

Figure 2 shows the azimuth patterns for outward looking configuration of eight
548-3 antennas, and Figure 3 shows the azimuth patterns for the inward looking
configuration of eight 548-3 antennas.

Figures 4 and 5 illustrate 402-3 patterns for both individual antennas and
directive beams. The beams are created using optional TCl Model 8507 Beamformer
that combines outputs of six adjacent antenna elements.

It is clear from the pattern data that the performance of outward looking array of
eight 548-3 antennas is the same as the performance of a standalone 548-3 antenna.
At the same time, the pattern data indicates that the inward looking configuration of
eight 548-3 antennas exhibits both loss of directivity and decrease in front-to-back ratio
compared to a standalone 548-3 antennas.

For these reasons the outward looking configuration. is a preferred solution if 548-3
antenna is used.

The azimuth pattern comparison between the outward looking 548-3 array and 402-3
array shows that 402-3 array has higher directivity (by about 2-3 dBi) at frequencies
above 4 MHz, and the azimuth beamwidth (-3 dB point) is about 30% less (narrower
beamwidths provide better suppression of signals from unwanted directions).

402-3 array has higher directivity and natrower beamwidth above 4 MHz than 548-3
array.

NOTE: Although the optional directive beams for 402-3 array require more complex RF
distribution, the beams provide yet another 2-3 dBi increase in the directivity over
element 402-3 array, and further narrowing. of the beamwidth.

Elevation Patterns

Antennas can be categorized, in terms of coverage range, as short range (<500
km), medium range (500km to 2500km), and long range (> 2500km) types. Basic
difference between these ranges is the elevation (take-off) angle of the received signal.
For short ranges the take-off angle is typically 60° to 90°, whereas the take-off angle for
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the fong range is typically 10° to 30°. Therefore, an ideal antenna would have an
elevation pattern that would be constant from 0° to 90°.

Figure 6 shows the expected values of the take-off angle for various transmitter
distances (100, 500, 1000, 2000, 3000 and 4000 km), as a function of frequency and
time-of-day. The expected values of take-off angles vary from almost 90° for close in
transmitters to <20° for long range transmitters (>3000km). Both 548-3 and 402-3
antenna elevation patterns cover those elevation ranges, but 402-3 antenna has
significantly better performance for the close in targets. For example, at 3 MHz 402-3
antenna directivity at 90° take-off angle (elevation) is down only by 5 dBi from its
maximum directivity, whereas 548-3 directivity is down by 25 dBi from its maximum
directivity. The difference in directivity relates directly to the system sensitivity, so the
548-3 array will have a 25 dB reduction in the sensitivity for close in targets.

402-3 array has better sensitivity performance for short range signals than 548-3 array.

System Noise Factor

For a particular antenna configuration (including the RF components following
the antenna) it is possible to calculate the operating noise factor. Note that the noise
factor determines the amount of signal power needed to produce the required signal —
to—noise ratio (SNR) in a given bandwidth. It can be shown that the total noise factor of
the receiving system fis given as:

f=fh—1+1frr (1)

where f, is the amount of external noise and frr is the noise factor of the antenna and
RF components (loss in available power). The external noise itself has various
components such as atmospheric, galactic and man-made noise. Figure 7 shows
atmospheric noise factor (four curves for high and low sunspot number in summer and
winter), man-made noise (three curves for different environments), and three antenna
noise factors (402-3 element, 548-3 and 632 short monopole). Note that the galactic
noise is not presented because its effect in the HF band is negligible. The noise factor
data for the Model 632 antenna, which is a 15’ whip antenna, is shown for reference
purposes.

Note that the antenna noise factor was calculated using a simple RF distribution
consisting of cable, RF switch and the receiver. Although any changes in the RF
components will change the noise factor, the noise factor change can be made the
same for all antennas. This allows us to compare only the antenna effects on the noise
factor.

From Formula (1) it is evident when f,>> fzr the antenna noise factor fgr does

not contribute to the total noise factor £, making the receiving system externally noise
limited. In the case when fze>> £, the system is internally noise limited. An ideal design
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would always be externally noise limited, but there are practical constraints in achieving
this objective.

From Figure 7 it is clear that both 548-3 and 402-3 come close to the ideal, externally
noise limited design, with the 548-3 better at frequencies below 3 MHz.

System Sensitivity

System sensitivity relates the signal strength (dBu) to the output SNR, while
accounting for the antenna directivity and noise factor variations. The sensitivity for 632,
548-3 and 402-3 array is shown in Figure 8. In this example SNR is 10 dB and
bandwidth is 125 Hz.

Figure 8 shows that both 548-3 and 402-3 are highly sensitive arrays, and both provide
substantial improvement over 632 antenna at lower frequencies ( f < 6MHz).

DF and SSL Capability
The 548-3 inward looking array is not suitable for either DF or DF with SSL.

Model 402-3 array can be used for both DF and SSL applications (requires optional DF
and SSL processors), and provide very sensitive HF signal reception for both monitoring
and DF purposes.

Installation Area Requirements

The 402-3 requires significantly less space.than the array of full-band, high-qgain.log-
periodic antennas, such as 548-3 outward looking array, with complete azimuth
coverage
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Figure 2. Azimuth Pattern of a Single
548-3 in 8 Element Outward Looking
Array Configuration
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Figure 3. Azimuth Pattern of a Single -
548-3 in 8 Element Inward Looking e
Array Configuration Co
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Figure 4. 402-3 Individual Element

and Beam Elevation Patterns
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Figure 5. 402-3 Individual Element and Beam
Azimuth Patterns
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Figure 6. Elevation (Take-off) Angle Distribution as a Function of Transmitter
Distance, Frequency and Time-of-Day
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RF Distribution, Cable, RF Switch and Receivers
The configuration of RF distribution, cable, RF switch and receiver components
connected to the monitor antenna depends on many factors. TCl's proposal for these
components is based on the following assumptions:
¢ Antenna site and monitoring site are 2 km apart
« There are N receivers connected to the antenna array, and it should be possible
to connect all receivers to any of the available antenna outputs (10 outputs for
548-3 based solution, 22 outputs for 402-3 element based solution, 27 outputs
for 402-3 beam solution)

The problem of significant distance between the.antenna site and the monitoring site
can be addressed either by:

a. Using long runs of coaxial cable (10, 22, or 27 cables) with possible use of
preampilifiers (site survey will determine if preamplifier use is recommended)

b. Installing RF distribution, RF Switch and receiver at the antenna site and
remoting both audio outputs and controls via fiber optics to the monitor site

The final solution for this problem will be recommended after the site survey, but for
either solution the proposed RF distribution, RF switching and receivers will not change.

RF Distribution

The RF distribution has two components, primary and secondary RF distribution.
The primary RF distribution provides splits all antenna outputs to provide all inputs to
the secondary RF distribution that provides inputs to all RF switches. TCI proposal
presents three alternatives based on three different antenna types:

¢ Outward looking 548-3 array (8 elements), 530-3 and 638-3 antennas (10
antenna outputs)

e 402-3 array (20 elements, 1 omni) and 638-3 antenna (22 antenna outputs)

e 402-3 array (20 beams, 5 elements, 1 omni) and 638-3 antenna (27 outputs)

RF Switch

For each of the antenna types TCI proposes non-blocking TCl Model 7184 RF
switch with either 96 or 192 outputs (configured as four outputs per switch).

HF Receiver

. TCI proposes either 96 or 192 TCl Model 8172/3 Receivers. The difference
between TCI Model 8172 and TCI Model 8173 receiver is that Model 8173 has

additional built-in digital pan-display output.

The pricing for these configurations is presented below. Note that the installation
cost is an estimate. TCl recommends using local contactor for the installation works
(with TCI's supervisor help). Also not included in the price is the cost of connecting the
antenna site and monitor site (RF cable or fiber optics). ‘
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Pricing
The pricing information is presented for three system configurations (ltems 1, 2
and 3):

e 548-3 antenna (Item 1.1)
e 402-3 antenna, elements (Item 2.1)
e 402-3 antenna, directive beams (item 3.1)

For each of the antenna configuration there is a primary multicoupler with 192 RF
outputs (Items 1.2, 2.2 and 3.2). Primary muilticoupler is followed by either 96 or 192
output non-blocking switch. The outputs of the switch connect to either 96 or 192 HF
receivers than can be either Model 8172 or Model 8173.

All of these combinations are listed in the following table. Note that for each antenna
configuration:

* aline is for the configuration with 192 receiver channels (Model 8172 receiver)
¢ b line is for the configuration with 96 receiver channels (Model 8172 receiver)
¢ cline is for the configuration with 192 receiver channels (Model 8173 receiver)

e dline is for the configuration with 96 receiver channels (Model 8173 receiver)
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System Configuration

Ant Primary Muiticoupler RF Switch Rx
1.1 1.2 1.3 1.4
a [8x548-3-02, 10 RF Preamps, 2 6 racks each containing: 2 8105 [192 each 8172
1x530-3-02, 8105 Multicoupler, 70 [multicoupler, 8 7184 RF switch, 80jreceiver instalied

1x638-2, total of
ten outputs

8x548-3-02,
1x530-3-02,
1x638-2, total of
ften outputs

RF cables, 1 pre-wired
rack

10 RF Preamps, 2
8105 Multicoupler, 70
RF cables, 1 pre-wired
rack

interconnect cables, 1 pre-wired nd cabled in 8
rack racks
3 racks each containing: 2 8105 6 each 8172

multicoupler, 8 7184 RF switch, 80jreceiver installed
interconnect cables, 1 pre-wired nd cabled in 4
rack acks

8x548-3-02,
1x530-3-02,
1x638-2, total of
[ten outputs

8x548-3-02,
1x530-3-02,

10 RF Preamps, 2
8105 Multicoupler, 70
RF cables, 1 pre-wired
rack

10 RF Preamps, 2
18105 Multicoupler, 70

6 racks each containing: 2 8105 [192 each 8173
multicoupler, 8 7184 RF switch, 80Jreceiver installed

interconnect cables, 1 pre-wired nd cabled in 8
rack acks
13 racks each containing: 2 8105 6 each 8173

multicoupler, 8 7184 RF switch, 80jreceiver installed

1x638-2, total of  [RF cables, 1 pre-wired jinterconnect cables, 1 pre-wired nd cabled in 4
ten outputs rack rack racks
21 22 23 2.4
a [1x402-3, 1x638-2, |22 RF Preamp, 6 racks each containing: 4 8105 [192 each 8172
ltotal of twenty two }4x8105 multicoupler, [multicoupler, 8 7184 RF switch, eceiver installed
outputs 1xHoriz.combiner, 154 [176 interconnect cables, 1 pre- nd cabled in 8
lcables, 1 pre-wired wired rack © Jracks
rack
b |1x402-3, 1x638-2, [22 RF Preamp, 3 racks each containing: 4 8105 |96 each 8172

ftotal of twenty two

4x8105 multicoupler,

multicoupler, 8 7184 RF switch, |receiver installed

outputs 1xHoriz.combiner, 154 [176 interconnect cables, 1 pre- nd cabled in 4
lcables, 1 pre-wired wired rack ﬁacks
rack
¢ [1x402-3, 1x638-2, [22 RF Preamp, 6 racks each containing: 4 8105  [192 each 8172
total of twenty two [4x8105 multicoupler, [multicoupler, 8 7184 RF switch, |receiver installed
joutputs 1xHoriz.combiner, 154 [176 interconnect cables, 1 pre-  Jand cabled in 8
cables, 1 pre-wired”  |wired rack racks
rack
d |1x402-3, 1x638-2, |22 RF Preamp, 3 racks each containing: 4 8105 196 each 8172

total of twenty two
joutputs

4x8105 multicoupler,
1xHoriz.combiner, 154
cables, 1 pre-wired
rack

receiver installed
and cabled in 4
racks

multicoupler, 8 7184 RF switch,
176 interconnect cables, 1 pre-
wired rack
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3.1

3.2

3.3

3.4

a [1x402-3, 1x638-2,

total of twenty
iseven outputs

total of twenty
seven outputs

1x402-3, 1x638-2,

[27 RF Preamps, 7
18105 multicoupler, 3
8507 Beamformer unit,
1 Horiz combiner, RF
lcables, 2 pre-wired
racks

27 RF Preamps, 7
8105 multicoupler, 3
18507 Beamformer unit,
1 Horiz combiner, RF
cables, 2 pre-wired
racks

lwired rack

wired rack

6 racks each containing: 4 8105
multicoupler, 8 7184 RF switch,
[216 interconnect cables, 1 pre-

3 racks each containing: 4 8105
multicoupler, 8 7184 RF switch,
216 interconnect cables, 1 pre-

192 each 8172
eceiver installed

nd cabled in 8
racks

196 each 8172
receiver installed
and cabled in 4
racks

otal of twenty
even outputs

total of twenty
l[seven outputs

1x402-3, 1x638-2,

1x402-3, 1x638-2,

27 RF Preamps, 7
8105 multicoupler, 3
8507 Beamformer unit,
1 Horiz combiner, RF
cables, 2 pre-wired
racks

127 RF Preamps, 7
18105 multicoupler, 3
18507 Beamformer unit,
1 Horiz combiner, RF
icables, 2 pre-wired

racks

wired rack

lwired rack

6 racks each containing: 4 8105
imulticoupler, 8 7184 RF switch,
216 interconnect cables, 1 pre-

3 racks each containing: 4 8105
multicoupler, 8 7184 RF switch,
216 interconnect cables, 1 pre-

192 each 8172
receiver installed
land cabled in 8
racks

96 each 8172
receiver installed
jand cabled in 4
racks

Pricing Matrix
System Antennas Ant. Install Primary RFD RF Switch Receivers
Configurations Estimate

1 1.1 1.2 1.3 1.4 Total

a $264,076  $200,000 $43,050  $415,800 $747,600 $1,670,526

b $264,076  $200,000 $43,050  $220,500 $407,400 $1,135,026|

c $264,076  $200,000 $43,050  $415,800 $848,400 $1,771,326)

d $264,076  $200,000 $43,050  $220,500 $457,800 $1,185,426)

2 21 2.2 2.3 2.4 Total

a $1,275,750 $450,000 $94,500  $737,100 $747,600 $3,304,950)

b $1,275,750 $450,000 $94,500 $384,300 $407,400 $2,611,950

c $1,275,750 $450,000 -  $94,500 $737,100 $848,400 $3,405,750

d $1,275,750  $450,000 $94,500 $384,300 $457,800 $2,662,350

3 31 3.2 33 3.4 Total

a $1,275750 $450,000 $185,850 $793,800 $747,600 $3,453,000)

b $1,275,750 $450,000 $185,850 $409,500 $407,400 $2,728,500)

c $1.275,750 $450,000 $185,850 $793,800 $848,400 $3,553,800)

d $1,275750  $450,000  $185,850  $409,500 $457,800 $2,778,900
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Summary

TCI proposal present two antenna alternatives for the HFRS, one based on 548-
3 antenna array and one based on 402-3 array (elements or directive beams).

Both solutions provide superior signal monitoring capability, with the 402-3
providing the room for expansion in both monitoring (use of beams) and DF and SSL
applications.

If 548-3 antenna array is selected, it will provide significant improvement in
sensitivity at low frequencies (<6 MHz) compared to the 632 antenna, which is currently
used for the DF application. It will also provide additional signal selectivity based on
antenna directive patterns. This antenna also requires a separate horizontally polarized
omnidirectional antenna, which significantly increases land area required for installation.

If 402-3 antenna array is selected, although it is slightly less sensitive than 548-3,
it will also provide significant improvement in sensitivity at low frequencies (<6 MHz)
compared to the 632 antenna. Additionally, 402-3 array can be configured for
monitoring to use directive beams, and it can be also used as a DF antenna compatible
with SSL measurements.
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NM-16A  (S0-515)
NCCRTR Cisco 3640 LBO:  172.16.9.2 (Prantom) 3: NM-8B-S/T (BRO-BR7)
LB1: 1721611
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EO: 172.16.205.2 E0: 172162252
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CCCPRT CCCNC ccews
CCCWS DGTIN 04350-1958  To:SW1
E-ner: 173.16.2.81 E-ner: 173.16.2.61 E-ner: 173.16.2.101 Enner: 04350-2349  To:SW2
— Ener:_173.16.3.101 04350-1967  GENERAL
04 350-1980 ALARM
Taichuna (04) EO E1 " - Unuseo:  BR4,5,6
1731622  173.1632 Sior & nxmm\m% S4
22 N
CCCRTR Cisco LBO: 3: NM-88-S/T
3640 LB1:
354 350 354 350 04354 04350 04354 04350 04350 04350 04354 04350
pu:_-0079  py; _-2531 Ph:_-0068 ._-2516 Pu:__-0069  py;_-2263 Pu:_-0070  py:_ -2262 Pu:_-2207  py:_-2063 Pw:_-0071  py: -1983
173.16.10.1  173.16.20.1 173.16.30.1  173.16.40.1 173.16.50.1  173.16.60.1 17316701 173.16.80.1 173.16.120.1 173.16.140.1 172.16.150.2 172.16.160.2
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BRO:  173.16.10.2 BRO:  173.16.30.2 173.16.50.2 BRO:  173.16.70.2 Pu:__-5393
S0 173.16.20.2 80: 173.16.40.2 173.16.60.2 S0: 173.16.80.2 S0: 173.16.120.2 §0: 173.16.140.2 022388
pLBO:  173.16.9.6 FLBO:  173.16.9.10 173.16.9.14 pLBO:  173.16.9.18 pLBO:  173.16.9.26 pLBO:  173.16.9.30 Py: 6507
LB1: 173.16.11.1 LB1: 173.16.31.1 : 173.16.51.1 LB1: 173.16.71.1 LB1: 173.16.111.1 LB1: 173.16.131.1 A —
EO: 173.16.15.2 EQ: 173.16.35.2 EQ: 173.16.55.2 E0: 173.16.75.2 EO: 173.16.1152 EO: 173.16.136.2
Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO
TaicHung-1 (FEnavuan) (04) TacHune-2 (Wuch) (04 Nantou (049) Yunun (05) T3 T4
CFS1WS CFS2ws CFS3WS CFS4Ws CMS1WS CMS2ws
E-ner: 173.16.15.101 E-ner: 173.16.35.101 E-neT: 173.16.55.101 E-nev: 173.16.75.101 -NeT: 173.16.115.101 -neT: 173.16.135.101
CFS1SV CFS2sv CFS3sV CFS4sv CMS1SV Cmsasv
E-Ne: 173.16.15.111 E-ner: 173.16.35.111 E-ner: 173.16.56.111 E-net: 173.16.75.111 -NET: 173.16.115.111 E-neT: 173.16.135.111
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SCCPRT SCCNC SCCws SCCWS DGTIIl 07 236-2092 To: SW1
E-NeT: 174.16.2.81 " E-neT: 174.16.2.61 - E-net: 174.16.2.101 '— E-ner 174.16.3.101 072362095  To: SW2
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SCCRTR Cisco LBO:  174.16.9.2 (Puantow) 3: NM-8B-S/T (BRO-BRY)
3640 LB1:  174.6.1.1
07212 07236 07212 07236 212 236 07212 07236 07212 07236 07236 07236 07212 orge hesoiS1-15
Pu:_-0388  py:  -1460 Pw: 0380 P -1489 Py -0390  py:_ -1607 Pu: 0391 pu:_ -1631 Pu:_-0392  py. -1723 pu:_-1820  py. -1883 Pu:_-0393 P BRS5,6,12-15
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BRO SFS1RTR SO BRO SFS2RTR SO BRO SFS3RTR SO BRO SFS4RTR SO BRO SFS5RTR SO SMS1RTR S0 SMS2RTR S0 028191
—_— —_— Ph;_-5392
BRO:  174.16.10.2 BRO:  174.16.30.2 BRO:  174.16.50.2 BRO: 174.16.70.2 BRO:  174.16.90.2 022388
S0 174.16.20.2 S0: 174.16.40.2 S0: 174.16.60.2 S0: 174.16.80.2 S0: 174.16.100.2 80: 174.16.120.2 80: 174.16.140.2 Px: __-6529
pLBO:  174.16.9.6 pLBO:  174.16.9.10 pLBO:  174.16.9.14 FLBO:  174.16.9.18 pLBO:  174.16.9.22 sLBO:  174.16.9.26 PLBO:  174.16.9.30
LBt: 174.16.11.1 LB1: 174.16.31.1 LB1: 174.16.51.1 LB1: 174.16.71.1 LB1: 174.16.91.1 LB1: 174.16.111.1 LB1: 174.16.131.1
EO: 174.16.156.2 EO: 174.16.35.2 EO: 174.16.56.2 EO: 174.16.75.2 EQ: 174.16.95.2 EO: 174.16.115.2 EO: 174.16.135.2
Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO Cisco 1601 EQ Cisco 1601 EO Cisco 1601 EO Cisco 1601 EO
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SFS1WS SFS2wSs SFS3WS SFS4AWS SFS5WS SMS1WS SMS2wsS
E-neT: 174.16.15.101 E-ner: 174.16.35.101 E-NeT: 174.16.55.101 E-neT: 174.16.75.101 E-NeT: 174.16.95.101 -NET: 174.16.115.101 -NET: 174.16.135.101
SFS1SV SFS2sv SFS3sV SFS4sV SFS58V SMS1SV SMS2sVv
E-ne: 174.16.15.111 E-ner: 174.16.35.111 E-nev: 174.16.55.111 E-nem: 174.16.75.111 E-ner: 174.16.95.111 -NeT: 174.16.115.111 E-neT: 174.16.135.111
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05271-1162 Aupio 8067 06298-1146 Aupio 8067 07 732-0437 Aupio 8067 08734-8136 Aupio 8067 089 35-7466 Aupio 8067 092873-4618  Aubio 8067 092873-4619  Aupio 8067
05271-1160 Mooem/Router 06298-1145 Mooem/Router 07 732-0435 Mooew/Router 08734-7918 Mooew/Routen 089 35-7465 Mooew/RouTter 092832-4344  Mooem/Router 092832-6445  Mopem/Router
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