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1. INTRODUCTION  

This report describes the prototype high-gain vehicle antenna 

for mobile satellite use developed by Antech under DSS 

File No. U1SM.36001-2-2761. 

This antenna, illustrated in Figure 1, operates with right-hand 

circular polarization in the frequency bands 821-825 MHz and 

866-870 MHz. The radiation patterns are such as to cover a 

range of elevation angles suitable for communication with a 

geostationary satellite from locations in Canada while having 

the ability to scan in azimuth in order to track the satellite 

at any orientation of the vehicle. 

The radiating part of the antenna is made up of three identical 

Panels of twelve crossed dipole elements arranged on a square 

grid three elements high by four elements wide. Each element is 

fed from a microstrip hybrid coupler to provide the quadrature 

phase required for circular polarization. These hybrids are in 

turn fed from reactive power dividers (one for each  vertical 

stack of three elements). These four stacks are connected to 

the outputs of a 4 by 4 Butler Matrix which provides the 

excitations to generate four beams (from each panel). Three 

additional beams are produced, by combining the patterns of two 

panels, for a total of 15 for the entire antenha. These beams 

are selected by coaxial relays driven by a microprocessor-based 

control circuit. 
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Chapter 2 of this report describes the signal-frequency 

camponents and Chapter 3 provides the results of testing of the 

complete antenna. The circuit details and operation of the beam 

selection controller board are included in Appendix A. 

Mechanical  information  may be obtained from Antech drawings 301 - 

10000 "Antenna Assembly" (1 sheet), 301-20000 "Antenna Panel 

Assembly" (3 sheets) and unnumbered drawing "Case -MSat" (2 

sheets). 
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2. 	COMPONENTS  

2.1 Antenna Elements 

Each element is a pair of crossed fan-shaped dipoles etched on 

1/16 inch single-side copper-clad glass-fibre epoxy board. The 

dipole dimensions are shown in Figure 2. They are fed by two 

semi-rigid coaxial cables with the inner conductors crossed over 

in front of the elements. These cables pass through quarter-

wavelength sleeve baluns which set the spacing of the elements 

from the ground plane. 

2.2 Hybrid Couplers 

Quadrature 3dB couplers are used both for generation of the 

equal-amplitude quadrature-phase excitations for the crossed 

dipoles and to divide power between two panels to form the three 

corner beams. These are made in microstrip form on 1/16 inch 

glass-fibre-teflon suhstrate with a dielectric constant of 2.33. 

A total of 39 two-branch branch-line couplers are used. Worst 

case measured performance data for a sample of twelve couplers 

are given in Table 1. 

2.3 Butler Matrices 

The microstrip Butler Matrix boards also use 1/16 inch glass-

fibre-teflon substrate with a dielectric constant of 2.33. 

Crosàovers are made from0.141 inch 50 ohm semi-rigid coaxial 

cable. Also integrated on the sanie boards are three way 
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reactive power dividers at the outputs of each Butler matrix. 

Therefore, (in the transmitting sense) there are four inputs and 

twelve outputs on each board. The layout of a Butler Matrix 

board is shown in Figure 3 and the worst-case measured R.F. 

performance is summarized in Table 2. 

2.4 R.F. Cables  

Semi-rigid 50 ohm coaxial cable (0.141 inch diameter) is used 

for all R.F. interconnections. sMA series connectors are used 

throughout. The cables between the Butler Matrix boards and the 

Hybrid boards are of appropriate lengths to form the elevation 

beam. The lengths of the cables between the switching box and 

the Butler Matrix 2L and 2R inputs are also critical as these 

provide the correct phasing for the corner beams. 

2.5 R.F. Switching  

Figure 4 shows in schematic form the positions of the fifteen 

beams with  respect  to the àntenna, as viewed from above. The 

switching of power between the corresponding Butler Matrix ports 

is performed by ten SPDT and two SP6T coaxial relays with 12V1X 

coils. The interconnections between these relays are shown in 

Figure 5. Also included in this Figure are the 3 dB couplers 

used to produce the corner beams 4A, 8A and 12A by exciting two 

beam ports simultaneously. The SPOT switches are shown in the 

unpowered position. The locations of the switches inside the 

switching box are given in Figure 6. 
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Measured R.F. performance of the switching box (between the 

input connector and beam output connectors on the switches) is 

' summarized in Table 3. Return loss measurements were made with 

50 ohm terminations on the beam output ports. 
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3. 	TEST DATA 

3.1 VSWR 

Return Loss measurements were taken for each of the 15 beams 

over the frequency range of 800 MHz  to 900 MHz. The results are 

recorded in Figures 7 through 21. Each plot contains three 

curves. The reference line (recorded with a short circuit 

termination on the directional coupler used to obtain the 

reflected signal) is a straight line except for amplitude marker 

dips at 821, 825, 866 and 870 MHz. The curve ininediately above 

this was recorded with an open circuit termination and allows 

determination of calibration error. The third curve is the 

antenna return loss. These plots show Return Loss of better 

than 17 dB (VSWR 1.33) between 821 and 825 MHz and better than 

12 dB (Vsies 1.67) between 866 and 870 MHz. 

3.2 Feed Network Loss  

An estimate of the loss incurred in the feed ccuponents for the 

array is given in Table 4. The components of this loss budget 

are based on typical . results of tests of the individual parts of 

the network. In the case of cables, loss specifications 

published by the manufacturer were used. A typical value of 

1.36 dB loss has been calculateci. 

t .  
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3.3 Radiation Patterns 

Radiation pattern measurements were made on an outdoor range 6m 

in length and elevated about 2.5m above ground as shown in 

Figure 22. Provision was made for tilting the antenna 

positioner in order to take conical cuts. These correspond to 

the azimuth patterns of the antenna in normal use with 

satel li tes  at elevation angles of 15, 25 and 35 degrees above 

the horizon. To measure single-panel elevation patterns the 

positioner turntable was set parallel to the range axis and the 

antenna panel was tilted to align the desired beam with the 

source horn. 

The azimuth patterns are given in Figures 23 to 58. 

Measurements were made for elevation angles of 15, 25 and 35 

degrees at 823 and 868 MHz with horizontal and vertical 

polarization of the source horn. Each figure shows five beams, 

the four beams generated by a single panel plus one of the 

associated corner beams. The zero degree mark corresponds to an 

azimuth perpendicular to the panel face. The patterns for each 

panel are very similar with 1L and 1R beams near +/- 150  scan 

and 2L and 2R beams near +/- 450  The corner beams are, however, 

a few degrees offset from the naminal 60°. Sidelobe peak levels 

are typically 6 to 10 dB below main lobe gains. 

Estimates of gain were made by comparison with a standard gain 

horn having a linearly polarized gain of 15.1 dBi at 823 MHz and 

15.5 dBi at 868 MHz. The resulting calibration means that the 0 

dB level on the patterns corresponds to a linearly polarized 
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gain of 18.0 dBi at 823 MHz and 18.2 dBi at 868 MHz. To 

determine a value of circularly polarized gain from linearly 

*polarized measurements it is necessary to make some assumptions. 

If the measured linearly polarized power gains GH  and Gy  are 

assumed to correspond to the major and minor axes of the 

• polarization ellipse and that the signals received from the two 

polarizations are at the correct phase to add in the 3 dB hybrid 

then the circularly polarized gain is 

2 G
c 

= ( 	+ 	
V H  

2 

An estimate for axial ratio may be obtained with the same 

assumptions as the ratio of the two measured gains GH  and Gy . 

The gain and axial ratio estimates for the azimuth peak of each 

beam are shown in Tables 5, 6 and 7 for 15, 25 and 35 degrees 

elevation. The maximum gain is 15.8 dBi and the minimum (on 

gain peak) is 8.0 dBi which occurs at 35 degrees elevation. The 

overall average axial ratio is 4.5 dB. The axial ratio shows 

best performance at low elevation and low scan angles; for 

example at 15 degrees elevation on 1L and 1R beams the average 

axial ratio is 0.6 dB increasing to 11.0 dB for corner beams at 

35 degrees elevation. . 

The same technique has been used to estimate the gain at beam 

crossover points. Table 8 summarizes these estimates. While 

there are a few points at which the gain is less than 8 db i 

 these account for a very small part of the solid angle covered 

by the antenna. 
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In fact the average of all the crossover gains computed for all 

three elevation angles and both frequencies is 10.2 dBi. 

Elevation patterns for a single panel (Panel 1) are shown in 

Figures 59 bo 74. These patterns are taken through the azimuth 

peaks, for 823 and 868 MHz, vertically and horizontally 

polarized. No. elevation patterns were recorded for corner beams 

because of the difficulty of mounting the complete antenna for 

these measurements. The characteristics of the elevation 

patterns are shown in Table 9. In this table the polarization 

column shows the orientation of the source horn during the 

tests. As the antenna panel was turned on its side for 

elevation measurements the "horizontal" and "vertical" 

directions with respect to the antenna under test are 

interchanged compared to normal antenna operation. 

3.4 Weight 

The weight of the antenna is 103 lb (47 kg) exclusive of any 

radome or external cables. 
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4. 	INTERFACE INFORMATION  

A female SMA-series connector mounted on the switching box is 

provided for R.F. input. Refer to Appendix A for background 

information regarding the beam selection controller. A 10-pin 

connector, also on the switching box, is used for power and 

control connections. Pin assignment data is given in Table 10. 

Power supplies of 5 and 12 volts are required. The antenna 

control circuitry is isolated from the switching box so it may 

be used in either negative or positive ground configurations. 

The two supplies, however, must nevertheless share a conunon 

negative connection. The two alarm pins are at approximately 

+12V if off and 0.7V when on. Although the driver IC used for 

these alarm lines is nominally able to sink more than 1A, an LED 

in series with a resistor (connected to +12V) is recommended as 

an indicator which will result in minimal heating. The R.F. 

signal level input must be between zero and +5V with respect to 

the OV line. The threshold is 2.6V. A power/control test cable 

(with connector) is supplied with the antenna. The colour code 

used is given in Table 10. The switch settings required to 

select each beam (in manual mode) are shown in Table 11. 
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TABLE 1. HYBRID COUPLER WORST CASE PERFORMANCE 

Measurement 	820-825 	865-870 

MHz 	MHz 

Input Return Loss (dB) 	21.8 	22.9 

Output Return Loss (dB) 	15.5 	20.5 

Isolation 	(dB) 	19.2 	23.5, 

Amplitude Unbalance (dB) 	0.45 	0.20 

Phase Error (degrees) 	1.5 	-1.5 

_ 



TABLE 2. BUTLER MATRIX WORST CASE PERFORMANCE  

Measurement 	820-825 MHz 	865-870 MHz 

1L Input Return Loss (dB) 	23.6 	12.5 

1R Input Return Loss (dB) 	26.0 	13.7 

2L Input Return Loss (dB) 	24.1 	17.0 

2R Input Return Loss (dB) 	26.3 	19.2 

Single Output Port 	11.8 	11.9 

Insertion Loss (dB) 	(1.0 dB excess) 	(1.1 dB excess) 

Output Amplitude Error (dB) 	1.3 	1.3 

Output Phase Error (deg.) 	6 	10 

12 



TABLE 3. 	SWITCHING BOX R.F. PERFORMANCE  

Measurement 	820-825 MHz 	865-870 MHz 

> 	> 
Return Loss (dB) 	-20.5 	-17.4 

< 	< 
VSWR 	 - 1.21 	- 1.31 

Insertion Loss (dB) 
< 	< 

Ordinary Beams 	- 0.4 	- 0.4 
_ 

Corner Beams 	<0.5 	< 0.6 - 	- 

Average 	0.3 	0.3 
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TABLE 4 • 	ESTIMATED FEED NETWORK LOSS  

Item Condition 	Loss (dB) 

•Element match 

Balun Cables 

Hybrid Board 
Loss 

HB-BM Cables 

Butler Matrix 
Loss 

BM-SB Cables 

Switching Box 
Loss 

Input Match 

Typically 18 dB Return Loss 

5" at 0.1 dB/ft. 

Typical average, both bands 

Typically 1.5 ft. at 0.1dB/ft 	0.15 

1L input, average of both 	0.35 

bands 

Typically 2 ft at 0.1dB/ft 	0.20 

Measured average, both bands 	0.30 

Typically 14 dB Return Loss 	0.17 

TOTAL 	1.36 dB 

0.07 

0.04 

0.08 



823 MHz 868 MHz 

Az. Angle 
(deg.) 

RHCP Gain 
(dBi) 

Axial Ratio 
(dB) 

Az. Angle 
(deg.) 

RHCP Gain 
(dBi) 

Axial Ratio 
(dB) 

Beam 

^45 

-14 

14 

45 

60 

-45 

-14 

14 

45 

60 

-45 

-14 

14 

45 

60 

11.1 

14.2 

13.6 

10.2 

9.9 

10.8 

14.1 

13.5 

10.1 

10.3 

11.0 

14.1 

13.8 

10.4 . 

9.4 

3.7 

0.5 

1. 1 

4.9 

7.9 

3.6 

0.2 

1.4 

5.4 

8.3 

4.4 

0. 1 

1.8 

6.6 

8.0 

-40 

-14 

14 

40 

60 

-40 

-14 

14 

40 

60 

-40 

-14 

• 4 

40 

70 

12.5 

14.9 

14.5 

11.3 

13.0 

12.6 

15.2 

14.7 

11.5 

8.7 

12.4 

14.8 

14.6 

11.3 

10.0 

0.9 

0.7 

0.2 

4.1 

1.4 

1.5 

0.5 

0.1 

4.3 

8.3 

1.3 

0.4 

0.4 

4.8 

6.6 

1 

2 

3 

4 

4A 

5 

6 

7 

8 

8A 

9 

1 0 

11 

12 

12A 

TABLE 5. Gain and axial ratio at 15°  elevation 

on azimuth peaks. 

Measured from perpendicular to active panel. 

Corner beams are grouped with preceeding beams (e.g. 4A with 1-4) 
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TABLE 6. Gain and axial ratio at 25°  elevation 

on azimuth peaks. 

823 MHz 868 MHz 

	

* 	 * 
Beam 	Az.  Angle 	RHCP Gain 	Axial Ratio 	Az 	Angle 	RHCP Gain 	Axial Ratio 

(deg.) 	(dBi) 	(dB) 	(deg.) 	(dBi) 	(dB) 

- 	 -  

	

1 	-45 	11.7 	6.8 	-45 	12.6 	3.5 

	

2 	-14 	14.8 	1.9 	-14 	15.4 	1.2 

	

3 	14 	15.1 	0.7 	14 	15.8 	0.1 

	

4 	45 	10.4 	3.5 	45 	11.9 	3.9 

	

4A 	66 	11.1 	8.9 	66 	11.3 	9.7 

	

5 	-45 	11.5 	5.4 	-45 	12.7 	3.5 

	

6 	-14 	14.8 	2.2 	-14 	15.8 	1.3 

	

7 	14 	15.0 	0.9 	14 	15.7 	0.0 

	

8 	45 	10.7 	3.7 	45 	12.0 	4.9 

	

BA 	65 	11.4 	8.2 	68 	11.2 	10.0 

	

9 	-45 	11.6 	6.4 	-45 	12.6 	3.6 

	

10 	-14 	14.9 	1.5 	-14 	15.6 	0.9 

	

11 	14 	15.2 	1.0 	14 	15.8 	0.0 

	

12 	45 	10.6 	4.6 	45 	11.9 	4.9 

	

12A 	70 	11.0 	9.9 	72 	11.7 	7.4 

- 

Measured from perpendicular to active panel. 

Corner beams are grouped with preceeding beams (e.g. 4A with 1-4) 
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Gain and axial ratio at 35
o 

elevation TABLE 7. 

I 

I 

on azimuth peaks 

	

823 MHz 	 868 MHz 

	

* 	 * 
Beam 	Az.  Angle 	RHCP Gain 	Axial Ratio 	Az. 	Angle 	RHCP Gain 	Axial Ratio 

(deg.) 	(dBi) 	(dB) 	(deg.) 	(dBi) 	(dB) 

1 	-55 	9 • 3 	11.4 	-54 	9.0 	10.2 

2 	-18 	13.5 	3.7 	-14 	13.1 	1.6 

3 	14 	14.2 	0.0 	14 	13.7 	0.5 

4 	53 	7.6 	5.1 	48 	10.3 	4.4 

4A 	68 	9.6 	10.7 	6.7 	9.8 	11.6 

5 	-56 	8.9 	12.9 	-56 	8.8 	11.3 

6 	-16 	13.2 	4.3 	-14 	13.3 	2.1 

7 	16. 	13.9 	0.2 	14 	14.1 	0.3 

8 	52 	8.0 	5.0 	56 	9.0 	8.4 

8A 	68 	9.7 	9.8 	68 	9.6 	12.6 

9 	-56 	9.0 	13.0 	-54 	8.9 	9.4 

10 	-18 	13.3 	2.9 	-14 	11.3 	1.2 

11 	16 	14.0 	0.8 	14 	14.3 	0,3 

12 	54 	8.1 	5.0 	57 	9.2 	8.4 

12A 	72 	9.3 	11.3 	73 	9.9 	9.9 

Measured from perpendicular to active panel. 

Corner beams are grouped with preceeding beams (e.g., 4A with 1-4) 

I. 
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TABLE 8. Summary of Gain at beam crossover points 

823 MHz Gain (s1Bil 	868 MHz Gain (dBi) 
Elevation 

Angle (deg.) 	Minimum 	Average 	Minimum 	Average 

15 	8.2 	9.7 	7.7 	10.3 

25 	9.7 	10.8 	9.3 	11.3 

35 	7.6 	9.7 	8.7 	9.6 

, 
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TABLE 9. 	Summary of measured elevation patterns 

Frequency 	Beam 	Polarization 	Elevation of 	Beamwidth 	Highest 	Sidelobe 

	

(MHz) 	 peak (deg.) 	(-3dB) 	Sidelobe 	Elevation 
(dB wrt pk) 	(deg.) 

	

823 	2L 	H 	26 	30 	- 7.8 	-22 

V 	22 	28 	- 5.2 	-20 

1L 	H 	19 	32 	-7.3 	-26 

V 	23 	40 	-12.0 	-33 

1R 	H 	22 	34 	- 8.7 	-28 

V 	23 	40 	-12.0 	-33 

2R 	H 	17 	33 	-5.4 	-27 

V 	• 	20 	31 	- 7.2 	-26 

	

868 	2L 	H 	23 	35 	-16.0 	-24, -44 

V 	20 	32 	-13.7 	-60 

• 	1L 	H 	21 	32 	- 9.5 	-23 

V 	21 	36 	-9.5 	-31 

1R 	H 	22 	32 	- 9.5 	-25 

V 	23 	36 	-10.6 	-29 

2R 	H 	21 	30 	- 7.2 	-31 

V 	22 	29 	- 3.9 	-23 

19 



TABLE 10. 	pOWER/CONTROL CONNECTOR PIN ASSIGNMENT 

Pin 	Test Cable Colour 	Usage 

A 	Black 	Spare, no connection 

B 	White 	OV, common 

C 	Violet 	+12V nominal, less than lA 

D 	Orange 	+5± 0.25V, less than 110 mA 

E 	Grey 	Yellow alarm 

F 	Green 	Red alarm 

G 	Brown 	Spare, no connection 

H 	Blue 	Spare,•no connection 

J 	Red 	RF level signal, 0 to +5V DC 

K 	Yellow 	spare, no connection 



I 

I. 
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TABLE 11. MANUAL BEAM SELECTION SWITCH CODING 

* 
Beam Number 	Switch Settings 

	

Si 	S2 	S3 	S4 

1 	1 	1 	1 	1 

2 	0 	1 	1 	1 

3 	1 	0 	1 	1 

4 	0 	0 	1 	1 

4A 	1 	1.0 	1 

5 	0 	1 	0 	1 

6 	1 	0 	0 	1 

7 	0 	0 	0 	1 

8 	1 	1 	1 	0 

8A 	0 	1 	1 	0 

9 	1 	0 	1 	0 

10 	0 	0 	1 	0 

11 	1 	1 	0 	0 

12 	0 	1 	0 	0 

12A 	1 	0 	0 	0 

0 defined as switch lever toward number; away 

from number is 1. S5 must be set to 0 for 

manual mode. 
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Figure 1 	MSat Vehicle Antenna 
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Copper Pattern 

Feed Cable 

Figure 2 Crossed Dipole Element 
(Full size) 

23 



OUTPUT PORTS 

INPUT PORTS 

Figure 3 	Butler Matrix (seen from circuit side) 
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Figure 23. Azimuth patterns of beam 1-4A at 150  elevation, 
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Figure 24. Azimuth patterns of beam 5-8A at 15°  elevation, 
823 MHz, Horizontal Polarization. 
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Figure 25. Azimuth patterns Of beam 9-12A at 15°  elevation, 
823 MHz,  Horizontal Polarization. 
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Figure 26. Azimuth  .patterns of beam 1-4A at 15°  elevation, 

823 MHz, Vertical Polarization.  
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Figure 30. Azimuth patterns of beam 5-8A at 15°  elevation, 
868 MHz, Horizontal Polarization.  
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Figure 31. Azimuth patterns of beam 9-12A at 15°  elevation, 
868 MHz, Horizontal  Polarization. 
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Figure 	32. Azimuth patterns of beam 1-4A at - 15°  elevation, 
OCU 



1 f 	f• 	• • 

11111111111 	11111111. 	all III@ MI Will ale Mil INN 1111111 ell. MI MI 1111111  I. 	MIIII 

SCIV11F1C-A1IMITA, etc. ARUM GEOMA cmArrNo.219 . 1•POWIMIV.ILL, 
') • • • • 

•n• n 

I .  

371 

gEreinrgaîtrelnl-IMILIM111111111!11211[11114111141,1MINELEFIMFEnniTIME "- i.i. -  
MIENlithEgineneELHElira IFEenE,P-ripennmemEmil'i--5:71-1: 12--nesErjr eeeril-±nrinrereeeneel liniq - 
1111slieeeeli lillaillei 11111-11 -Iniplp - :::: lid i 111111111e111EFE11111141E 111E11111E111 1 111111-:1111111111  iliege11111111 
legillings 149111  me gi illiole 1111 liu ; iligail illibeelifill11111111111111 1111111UP ihnillellillielEdiA2- 

1 
„.....p.....9.9„Eil 	 lgoliel, 3:1111ilt 1.1111111111legilei.aalidià "UMW" ME idegleilikill i 
111111111111111.01111111; adre peg upeling11

l
94111910111194:1111 6111/11111 airr011iallikeleililiCiilli aqi 

Illegollulem 11111 tairellophileviiiiim 1101111438 111 rJEE114311i11111 1111111 1111 -:11 1111111111111111111641 0 gai 
iel.e  Fogg ;Lk...mg  „1_,Emetui EIE =EEmiEEEEEEEIELAUEE1111 11111 1 IIIMMIll a  1 11  11 . 1 - _i 

11111111Flinn1EIEErE111E1111:11E1111aleala ea11111115111111"11e13"1-  1-  11-n11111111 	- - .11-i)1 1 	1 11111111111111111111111111111 
 1
,t.1_11111:51.135/9,311114181011_1mEre 	_ 	1E 

---- 3:8:71-1Den: 	eprIEEcle -1= in 11 nni ea -Dal EiNgliniillilil=1 	 m 
W e 

INIMMINIIII J .  14i'll I owe Inguleamul 1 
ge re .. J.4 -4.1.E.1.1...gliii i sell ilaillaglEfiell ledlliiiirteliMilfillelle '' Iiiinalingeitie : " :5  •a Ed_ ào 

; tit t ee t CUC ee te:Ce t 11111 tecelotrergretrt 11: : : : 212 2 21:111e 

Figure 	33. Azimuth patterns of beam 5-8A at 15°  elevation, 
868 MHz, Vertical Polarization.  
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Figure 	34. Azimuth patterns of beam 9-12A at 15°  elevation, 
868 MHz, Vertical Polarization. 



••n •• •  V • 
SOENTIFIC•AlWirrA. !IC_ A A. GEORGIA 	OWING. 211,  

• • . 
11.1V.t.A. 

1111111 	11111111 111111 	BM 1111111 1111111 	Me 	MIII1 	MD 111111 as um mu as 

 1% 	I.:. ! I  :4%,  111 pi.L.35,1-# 
1.1[140-: 

f 2 2 2 	2 2 2  

•He! • 11-7-,t.- Arg 	 Trr5TTI.- 
e18:dAtt -- 	 1 7-•- ..,71;f411 .-- 	 j . 	 111 .141  A-- • 	 7 	 -  

LiEr .  
45 

8 	 r 
:: 2:2: 3 	: 2:212 	m 13 u2t1 	 18e t 	trt 	 t ggt 81111C111811111. 

Figure 35. Azimuth patterns of beam 1-4A at 25°  elevation, 
. 	823 MHz, Horizontal Polarization. 
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Figure 39. Azimuth patterns of beam 5-8A at 25°  elevation, 823 MHz Vertical Polarization. 
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Azimuth patterns of beam 9-12A at 25°  elevation, 
823 MHz, Vertical Polarization. 
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Figure 41. Azimuth patterns of beam 1-4A at 250  elevation, 
868 MHz, Horizontal Polarization. 
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42. Azimuth patterns of beam 5-aA at 250  elevation, 
Figure 

$68 MHz, Horizontal  Polarization.  



mu nu ireallIer 	man 

C 	

» mie me-  MU mu-  immr- 	IlMe- MM- MIL_ OM___ 

IOCHTIC•ATLANTA. ec. AILLATA. GEOleGIA 	CHAO P.O. 219 
CC Ci airCi .1===C7iC 

. 	
• 	•lipmewes... EdEciEEmilglIEEEEEMEEMEEEEEE 

 

. 	. 	. 	, 	. 	. 
p 	' 

ElECIFIÉTÉÉÉE11111ellEEE1 liÉE EIEEEe ÉliElEEE -  EgrefamaimarEETEIEEEE Ealliesel EglimEEmEllailffloo-e---110E-E.9p=118..rrEE.E-5 50 Eh, I__ eitg.„,c.I.,uoicic E,E  ics=c- ,-EEEEzE E.--,E.EEEEE EzEEzE aceEEE Ez ..zniE .  ci  EicE.g m- EzczaugcsiEEE EsEEPEE-sEE-c-EE-1- 2  zEzEgEm,E 
31111111 1111111111111111ÉMI 1É_ ggela re ligE 11 E-ii iiillidEphill EgEgaiEliar M y:0E1pm paillE---121111à-enie=-eg tdeet LI:eh:4 I 

E-  E Ill EEMEcIllElmilElsEEiEE: 1E aEliid !Mue =il EEIEEEIE10114 lilliElEEEIdl:E=E1 2EIIIEElld ilEralellfal Iligli li'llfflife rilleg 
.1_,0„ _ _zscieccgEdEgetààlz-E czczm Mcca-m m c EEE- -E EE:gEE g= 2  -t 2- 22  : =LI - ' 51-11-Es m eE EIEE 1E315E11 E 	Eà- lEEElzhecceEE EEE E 

liulli 1 liEEEich„E,ElliEgg id 114.1 ÊEE  Ilp É : 11 OlizgebEEEEE 1113EFig1 clefi
in  

E iE 1-15-ig1 AMIE di ;-- 41111151141 PME 341=1115  EEIEElig, I ildellillieel'ÉdeligIglim MI ni eil 11 PM 	=Ill le  -- - eel II ell-WIE 1 3111115311V 
I 

=151111111 c1/1111IINIEFEI li %Hi*" 11 rem Hi le il aiielau ;EgE =1 	 e 

	

= , I! 1E IÉE *Ir - 	 011011=112251 3  I% "lie 
11P :1131115  Mil 	nE 23 1 rescirlig...Em„EEEIEic  ., >al 1.: 	

- 	
5 

gà  pla EE c„:l zi EEEMEEE EE:c2  1-_„6.,1  : -ELEEE4sEE Es IEEEEzzE a Iiii zEI.ElczEIEE E EEE: 	É EEzE 5_ glial gg EgEgzggcmullc-zffl E - m 	EE 	É El HÉ ma= Epezzle z às t-etc âà sEDEE5EEEEmzEEEzzE - 	mE r.: 	- 	- g: E - ' EzEEE -E22- I 

mi mol , umEHEEE !pâli EE E m 222 52Ê el= =3É3  mig EdireisErE 	-s.ler E 	n1134E51311 -ne igiiiii 1  111111111111411iii  iiii 1 -1113 
0Ei 

ocE-E 	5 E EE  : cE Ez - z mzz . EFIESIEEEEMEEIE lEEEIEEEEEE 2  :12 22 2  t* 	= 2  = .1,2 2= =522  =Eu = 	mec 	a! c - mcc . -cc . 	: c  
.., 	1. c. E 1E-.Ez- 	-z., --zi. , E- E   E,E,EzEiguigEEcee ..ems-xczczEE mmEEEEEEEE EE EmEE E 23E E 	EME 	zm E En2  é 222E 	E IEEEE1E42 2E-  EE EEEE1 z 221 iiige-IIII-Eqz2 EEEEEEE 2E221E2=E2 	52 E

EEE2 
 nez E E nE pi: =su e= =E- iE .......2= 	c-c-e-ezzzzczEmEE giEcEz  ce- 	-E-E- : 2  Ez 2- 	c---nt -  - 	

csE 	Ee 2:3E1 2 2-1- 	. z 2- :=311-3 - E mE 2-E-mc2E Ee2  z 1111111111111111WelpilliEE„„meamg liE1-3EÉ EH* - Ilaglii1EE EE E 	lig E 02  113E 1E1 22E 33 1:231F 233133131-- 	- - 

nE 	

- 

g= : -Iccm 2  EEzé EEmiElze- 3E 3- :2=- 2  -3  -2-2  -- 
lililidiliE111331-1111111e3ein nlie-e13 	 _. 

c. 	z EE zamcculEEEEmEE E c EEEgEE 2  

	

-c2m., 	E EE z mE aiE gm emzucom EE E  1111131E1IIIIIIIIE 2EIIIIEEE iiE -- 	 , 	p. EE 13.13 1É 111111iiiIIIIEEEEE E..  .1Ezi .mEE .,=== Es- --cm: EzzEE .. Et - - c--E:c .  .1- 2 - - 2  - 	- ' 	 z --------- zczczneczEzzur 
crF 

r,  74 

" Ir 

- càz. -ZEFEWEE EE 3 2E121E' EEE12.51E511E1411 

3 1 	mmmmn -  

• • 

	

1 	 z 

--z =g-emgcElczEEmcm. cmc mz Oz E-mmmmzi Ezzcz cc lz- 	 . -- pc mggege„ em zmzEgzgi zz qugzEzEug mgEzEm a ,gc„„c -- .. g cl E 

	

1 3,  c„.. 	

ee 	i - 	-c-: - 	: -: 	

cân 	 n e.E5kZEE 2  E-E 25 EE E5E25E- 2-EEEnErnmE m EE %EE -m2 2  EE 5 Ez me- 

	

E 	lere1911113e= 1  lie1= 3  11113041115eliE E E il 133   -Em-,,.,, 	zcv,: -Eh 	-- -z-zà..---EE-- ---- -3 	-cc- c 
- - E-E 

- m 	: 	: 	: !:. = - 	ImElOcrdEE EE20EzEzcz cz. czEEEzktm gmcmcg - 	
mme-zzz-mcz: -zE - 	z - 

11 11 	 EallegiFEE2 e22  EF.1 	
z 

	

1E E 3 	1 iii 1 i MI' 

	

---- . a 	---- - - - z czel 	z .- 	E - : cE E E LI . 	EPeeeznicVE 2112E52  .-dm PEE EE1E=23  =Ez-EEz2E E 
li 	z 	Me 	 E 11 E 	z.:32E- - -" e 2 	IMM!Milleciiiilifell 11 Iiii=0111 nil 1=1111,1 : I ,1 , 1 u111141111111 zg:f umcm EU: . uzzczE 2E3 --L E 	rire-M5e.mg5E EnE 2En22: - é 	EE 2 25 2 	=2  ErEo-- 2zE 22: 2  - nE 80Em-cE -me = 12E -E4 	2  E 	2F.E 3.55.5 3 12.à eUEE =7E AIEL.:E. 	UreeteEe249 .•e=147352  a 2En ele-Fie eeEw=nEl= =2E21321-3  12 2EE-22E1 1E2  EÉ, El m 	Eg :mg= :En 
1  il Elle il 1 	3 E 

	
f 

	

111 illi 	
,tu 	 5meez 	g:A.F:men- 2EEEME - 	zE 2E3 el EE,EEzn22:-2 21c -2Ez E z 	mcIEEmc ccE gl 14-  Tiiii Jigjegel à Érli É = si 1E leiiiillegililbill In.n.? - n  enli 511 .. gE -ee EE E 	Fi 	1 E ei2- 	zn dg ----- -12111E i augiE 	g E5E,Ellz-ggâ-ege-z-ggE 351mEeEE EMEE lin 11 se mm :a: zz : 	mg 	- mii u  - - z rec-: c g.EUz-E Rem E 2° 	

a 
=22 	d EEEEEEIEleuEEliell leeElIcEE1 cc:  n zE 	--zt- mre.- ,--E: --- -- - = 30e2E  7 43  R. ii Mi ni 	NE 	1 - =i- e ErdiEdàlE. àegi i iligE : iE Vielligilegill Mg l'ail! Mil I di g g: -  e, EE Ead 	, .. ,.,, 	u. EgEoElEiEgà EmigE 1 EEE1 11 	E- 5 .  - 	2. E ';EE1EEEÉE [II E gE 32  EE-Eg". EiEgir HÉ . 	zE EE Ersiz 	, -E EEE 	: E 	 .c- cE. .: mz cc: IcE - zm cElzmm zcz-z 	2 

 :El ::: - ==. g :  Hz:- „. „.-„ - • 	 El -.2  EzE - m EE tEE2mE rczun mez -te z Eml--- 22 222211 I= = reareen 3  .3 31 ier23E7337E 	-- -2 2  'E 2- Eu-2  E3 221 
- :1 - .: - cm -zz-zzzczu EE gre 2- zz dzezz gc:mgg- u2  - .".7:: mc: g ,,;:e.Eg geg  t 4E, . .E.-cygeE  	-gg =g E ci. E2  --legs -3-2  z-z5p1:!5.gEilliE cicgcuccErgmcmcc Em Esz gmEE zEEEgggggz,imecugzem - z cg: 	mg cMCCrai-uCC9 mq Wc. : :cieeelegC Ccg cm.cmccgc c cC gpji g gzi gi ImIrc 4.-  legii lillEdi deilliggiitffli3E. yellIE Irifflefiefieree4 - PNEP 4 l'emEVi wer 1E -4:1-1;:liggiell el .-ie===-1„e„ ;g1g= ..33113eLeeeee  en  '' ne  

Irc.,E mil me ....- 1 9aCCCC. zzuzczmE -g 	z- Gr. 3 : ...335n33',13p11'=" 12 	=3 W.: 	'3 cmcm:u 4E- - alia- - --mc--i .--- :-.2 m-c-EE-EaEgmz - gEz nunc-Es-1Es z 1 .7111 m. - n g cz-z zE-EE5EzzE-EzzEzz E ---Ezzcz Ed - 222E:  22 .-irdiEz :- z1EzeJ : 	cl EdE EE3 EElleElEnEEE in5E 2FIEEEEEEzEg;EE1 5 2EEEE E-EEEEIMPLEEHEEEÊEE-EEEEE EE 
1 

	

-- 31111111111 Ilir 
le, 	m 

diVIE Nitr Le  1E 5: riri 
z 	: c 	

q MM !Mina ligegliiilliglilligileglIgie1111111111311111iiii 
Mil le 111111iNgle gilil"911  ln ell  g:: 	g ms - --- Eaz gmaz gEmEzzEzzgE Ee ,,,c chwizezzzzgazgEEEEEgigEzzczEalc, --EBEEIEEEEEIggg mEEEzzz - Emz 	11101E% EE10 liei 	gléE 	.2  E2 3  EEi ce 5Ez-E e1- 2-EE-225c n4-1 =EEE:E522222ezEBc 2-225Ee22E222zzEe En-zczE-m--szti2 

	

111 1111111111mimmigig sliaill. og pggslifilel'i' 11:d'IFE 	11=1 3  ,1  i i Mg 511e  30101 	eiges111113i11100111113331111111I113iiilleie 111111111illehl 

	

'Pliai! 	Ileigl I 1:21Eige 1 hie lelleeill 4111-5-e-lil leeleielleiedleel ei  ielgelielll nii -._ 111101
[111111IIIIIIIIffliiiiiiiiiilliligeelifalliE = ciElElellE EiliEleeldiEllillillidggliglillgilli:ÏL illiiill

erdileiliiiiiiliiie  illilliill 
-1 ,-.:,_ 

	

Ecs 	El 2  1 in 	- 

._ 	. c 	c.w.r.. .c c  -_ zekE nrczmnfugE Em _glE I. zmE c4EEllzEmzEEsszEEzEmzEzz,.mczl Edz E 11.  
÷:-.-- . LL r,.•:1111141MMPALIMIIIIIILL,"ggiligirighriiiiiefEliki Hi regeigilniikeidelikifilIduirdliilthilignal :P;É':  ,EEMIEE MillEhailltlill Ingss.lo .M.I:p. -,FUh.etlf- Full 1 « ,tu-  11 - g IlLeRMIWINWIIIIIRIMIIIIM111111110111111f11111111,11U11111 11--7: 	111110111118111141Williii111111111 

Li 
14,11,11i_ ....... :Il'il 'L ili 'r  î -Li 11 lilleggeilaildifilliginaliglibilielill illgilgfignierlle l'''' digAgelidelliniiifilillIM ipiE il.. ! 1. :, -1  i.tf,L A.: ,  Il eili .1EArillry E'l liegogeglguagglEgigEhiggelille 11.111111111117: 1. 1 -= .:. .., -2122 21121211EPOEFIEWIE21E11141 -.4t: 	1 	l' [ 	' . 1-  - n 3  - 	iii 	te r . 	î - --= :=E -9-...- -.-: .-.= . . 	-. 	. 	= - i : 	"r1:  I- :...4- 41.141 r- , fli, 	cE --  1 	z--i I. FÈ c 	ilEz Iiiilzsgilidie iilliElifl Ei- - j : 	1] 	1 - .1i [1 :: ;.'111=115 1111É1111,M=1111=ÉÉ,11 EEEÉÉe ;1:;.-hil i..141 :fl .:-1 

: . ; • 	 _III,. 	_ - 	_ - 	• 
.1-.• : j 	..r: 	1 : - - 1.:.• . 	e. 	reirMinnegihnu  IROMM11": :. -, f 1:111- 1 	- • ' 1. p 	t , - - - I . 4:EimaniEmoligulillinumb 

	

, 	r-indmigniongumn:-.1.-1:-.rpt4.' (iti .,;.: goadollideiorprimiî lion .1 1 ,, li'M t Itili.i.. 	. _ •- 	3- 	. - - -V 	
n n2 : • ! -1 -  :' 4  .1:: _,  J._. 	f #P1 	5  3  	"Ai "1 . 11-1- 	1111111-111-â Ill ellift 1 'Il- 	; ;il: 	: 1.-1:- •.-1- --r 1 _„i_4g_L - id.:1:.--4 Li  :L: ::.i : :% 1: 7-: T 4  . ;'i: - Il 	-*::: : - :f.r. T-'*- : : El 	- 	9 	411_ ' ' I I .  ''' t'II: 1 I. :  ,• LI: :i• il ' : i '. - ' 	111 1 ' 	i - 14. - 12 .-2à 	lile 	us 

	

!1.._ ..1:„1.; Ill  L ::.. .- -: igg z t 	I .. .vt  Eigg „, - - 	. . 	r,,,•. i-n 	rri-, ' 1--, , .7t:', 	-P-+I-Er+r-H 	L ._ 	.. ' :-. ,.i 	. . . , .. . 2  .. - . i" . ,. DIL..", . 
1 	... : . 1.; ; 1 13(.,  14 . 	s: • 7.. ,.:. 4 .:.„: --,,,... i  . 	. 	- ...., 	il 

	

-1 , - , - - BIT "; ' 	ii... 	OLITIM-13E-  r.;": : ; 1  ' 1' 1 1P1-1 1" .-- - -11,5i ; L it . . :i 20. - ;. ...,r7:D . _ -- n31''i• 	. 4.4 . :;.. , ge _ •... 	• - 
--2 	e-  ' I -e  - "" 0 	

lal ' Eggp 	1: .4:1 	14 1 :._;;. - :1 ; : 111.14! ill !•11::,,:ki; ..14 _ 11 - I. r k:?.:11. - - 1 2  ..,E#0 .1.6 
• - - - 	- 	i . ,H1. . L-1: 	I. É.,01  I : e. .f i .1130,.1.1:te_14100 -17 : • _ - 1 0:. 	Ë - r.: • 40- IF .:4M " 6 	- 	.. 80.  : : : : : : : : : 2 2 11 :Iddidaddil ww2IIIII g g wu:rut:tu : :::::::::::::::ss s 

Figure 43. Azimuth patterns of beam 9-12A at 25°  elevation, 
868 MHz,  Horizontal  Polarization. 	• 
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Figure 44. Azimuth patterns of beam 1-4A at 25°  elevation, 

868 MHz, Vertical  Polarization.  
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Fiaure 
45. Azimuth patterns of beam 5-8A at 25°  elevation, 

pen mu., Vc›efiral Polarization. 



soetemc- .ATure—  A. ir4c.. AnikrA. GEORGIA CRARTNO. PM» SS ILIA. 
• 

219 

-- 
t !:::: 2 2 2: 	 :::::::::::: od 	 w 	au t 	tr tit iCCMCC:C:: 	CC2C CC C ell it 

MIMI Impi as am a* an me am 	«II au me 	Ilme 	ow am 

Figure 	46. Azimuth patterns of beam 9-12A at 25°  elevation, 
868 MHz, Vertical Polarization. 
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Figure 	47. Azimuth patterns of beam 1-4A at 350  elevation, 
823 MHz, Horizontal_Polarization. 
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Figure 	48. Azimuth patterns of beam 5-8A at 350  elevation, 
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Figure 	50 . Azimuth patterns of beam  1-4A at 35°  elevation, 823 MHz, Vertical Polarization. 
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Figure 51. Azimuth patterns of beam 5-8A at 35°  elevation, 
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Figure 53. Azimuth patterns of beam 1-4A at 35°  elevation, 
868  MHz, Horizontal Polarization. 
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Figure 54. Azimuth patterns of beam 5-8A at 35°  elevation, 
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Figure 
56. Azimuth patterns of beam 1-4A at 350  elevation, 

868 m87. Vertical Polarization. 



MO MI es as OM Ma 	MI MO 11111111 	one im 	en La OM 

, 	• • , 

• • 	 SCENTIFIC.ATuvew. r«.- ...Irv.", ,,c.,....... 	 CHAIM  P. 2110  
.».e"21:515155E13ineilie114118111.""511113115111111111111MIfflilillilligliiihijigiliiiIIIINIIIIE EMEEEEEllellEEI WEE 

Ene.'ela.lalaaaaaa --EneeleeeEEE:E=lenne-_,IiE-En-cc.c-rem c-cc- cr. . c. a-. cm- .24.5:-.-c  ___ _ Ill 2. 	2  ______11___:_l_r__ ________011  Ellie  

il  Ile 13neeeleellnell"E":"1"1-221"111"913E119E1191E1111144511":1E111121111111111 11 1111411111E1 HIM Meg Ill 1611 RIK= r. pi  

le  

11111111111'111lillillen""lia"nal um'InehlilllenellE m-el El IllalleildillEE Ill Elg .11_ 11 AIM I lirikellbellEllemilill, rill  

II  I "Al"  !lElleilliellilliiillE9 !Men/ elliElkell/E0111 lilEEEllellEggglgigEgEVE milllEggEg Fill el.! êm  1 e _Ili_ .. ei, .1_4_, _i. Enz  , .,. _ 

I 11111.1111 gillligell-11111011111/1 li11111111111111111-illiillicilllilleglilllffllgi glIglillll 1 

. EE u 	

.11_1111111111:111 aml 911111111118:11111111111419:1111110 a 

==== anellgulagglae"n"g-  gelleggEg"MgEngE=E gue- EEenEnEIEE"EEEPIEE -EEEEEEE:EcEEEcilliEEre lElElecEE1 4 2  12 	_5_ 	à 
pill IlEggEOPE-E EE.ccEmmeEllialgc2mmumaRilmsEasEc eEEE mEE=E. .-E.---c EE  Lc552555515215  _re.„1E3_ :vac: c. le  ..e.  rev: lips  gmillimille wipe  

gee-  11111 -el  "312111-1.°921323-2-2e "e231e1  -.. 52'enice22.1 112Minee2"12na ree 	
l 

nnn= n  eal'Ealee I'lae : elaleda 1E laelâc.âe E EE=EIE EEEccE.Eam ccce cnecl _ I 
22"  c c - lcccE--"allmeasE n eae0E" gagEwlm EEE egeg "IEE. -A cm Ecc.ccE:-Ec. -En eccc. c ...cc52.2 cEci. „-2_21.c2  ..... _ „..„.c........_ cc,,c_cycc.”_ .1 c....... c_..c...13:  ._ 

reel  u clle-m 11---11  -- releelegeà -'15-049 MI Pr '1112111= 112  Ell LIIIIIIEEill EgEE "igggE gEggligil gi mghlligi ligEllg lei g ling llidieggl 
.1=nllel-.1111likillill1111=E=111 , L. ,E = = ..== - _ -= -. .4,- ., . ,.= ...e, .au  .1.1m_ reE .1. cic cum.g _ go..tici.mei zumim i rre ang  ... lei  
Ilea' 1111111MM :AMINO IIE It ne 	e-  	el Pi  El EE1 In 	glE gge. able:9E E = E Elp= à 	= = .... -= 

1  ell  in1111110110111111111cpc E 	EE 111 IlleilE Ell MAI 
hall! EllEEc.011EELEE-Ell g= E El iliE-E E - 	 2  Ell -.411 all 	-cm e"1: EE Ee3.:  

	

- 	... 	cc: meiElic--usalEEIcc: cc E Ec, 1= II 	I lrie c EEE" E= ET. 

Mil llgillegiegliiilEE=  1 l ai El E_fie . 	. _ea Eg iggi lmg li . ieR igr ig Ili lag , - -_=--m_ Ag.b...ie .c.. nag:1E EE 	E cE gE cEEEIEE 
Legg-  1 iteelp EEEE EcEEc: 5:23 51i op in erel we= 
=ea reaaaaall e  glee  11111aliaaa c- .c c-  

Pal - l-lalaaalllaillinaca  Mee liellge-lii 1 `i "1E 51 BEEEE.1111.g q - 1 E 11§1 e e 1 	egg 	. ,_ . ......„ ......., ....„. a_ .E31_. __ _ c  e_ _ccggg 

e i= 1.41ii ligbilliiliifill li Pilillll IF" 	El  1= 	eEEE ' e  "a 'all 1 e a 	EdEÊ = 	n r.m m mimmmomplEuel. . 3511EllmEed li e _ 11 1 55111 
- 	E.15,fflE,..".". 1,,E,5 	5  a  met . E,E 	3E -: gLe EEdE pc- 	ncEr. , :3.. 	

i'î Eiln  e  ll 1  JI  - illibli gilliii Illciligibli 11. :I IMO Illii E - 	-c cc= - ccc. -------- 	 cE cc EEE: Ear- en 

r  ' 3' e""' IeEl3l3"3  4: 	: - -E::::- "e 	2: Ee  en  -- ee'e=  "me 	n= 1 c al
l 

 e g=e 	dl 	eliEl 	E i =-Iquilc-EEE :In EE:cEclIc cEEE EFEE2-. c .,•,. 

	

eî ." - .' 	1 i---------  =F. eeEEEi  a EEEE 	'12  " Eeieg 	e 	ei n Be i-keng. Elcd PE: ccilaccEc EcEc =Liz:me E BEE_ 
. 	2  -- ellen-eeceeeeree2- 	- 1"-E- 	2 	- - 	-r-  ' 	nee  n 3= e  --E----;- 	-- . ZU ... 7 .11CCa =IC = LIE CCMECESZE =CC FEEMZ=C731 IC= 1:  

e e  :Fee 1 1  : 12 1133353  e I' e l I 

	

a M: gieeiln4 	el n e lE nee eel keeEncE"=EW E EEE-EmEE EEEE -EffmEE ee. . EE= E alEcE.cc :mac.= 	- - c 
re niele:«"E 131ineneei 125' 	-.2  - 	- . n  -2  --eeeee  : 	: m 	C -m= smEEcuEce -=,-.. c r c. Ec 	- -,-E.222  _22222  1222221222 5 522  
E 
 eeelee  eel«  2- eneeneg- e-E-  lee=  e ee 2  : e 	22 2 	22 e 	n  En=  ene-inne 	"le  ne Ea aEaEnnanaallE el: e n elEEEEll lEsIEEl âgEELEEI c .ge 

2 22-21 ' 1""22"111111eileeneaale 	nn  " :E m= c EP-EEnE E. -- EN 	= cm: cmcEes 	c ,R E2L. .. 2_22 _____ 5_ _ _ ___ _ __ __ EEEIRIEec EEI E 
illilltkelffillileedlilliea :annul"  Ili - e- "E EeEl ene  EE = EE Et g -- . 22 4 	= bg EE li EIIIIIIMEIEll î 1E - gg 1 == Pleile„.., .4 . E, . 
FeumEaffiErte1125=E"":--:PEE Ell:::" - 	_ -1 E EllE2101 -E _I El Ec zleil2  -Ewsep 	- e  Et. __E5  1522251 -EllE5512 1 12I5ii m  ii à icc3055.51 .011. 

3 	

ha  8  

'2221'1111raire  ilulelll-nne  lanZU"'P 11111 11 1 enenhIllE -E 1E FM -MiedelE HU 	1 Fal Ê EEpcollip Emir Ec2  145à5- 5  .5= 51E159clic ic c3Iii_ 

gelellibill111111ffli 	0=4 EWE Be 3 = " EE aaeean 	eiEE EeE- c- c= 2: 	cE a:a E 1E, _,..m.,. e 55.22:1 El2=2_Ele...zE 	5 5 11,1R. mi E., ., 

	

nc-n Er: :-.mmE 	- : 	_v.:- 	:cc= ::.4 E-scEmE EEIE: 	E s22- 2  m25  :eel E_E.03p,11,E=AcE  I, lc  c  1.13_317 _ 

-- PelegigigAge legeiggelg. g -91= g-= 2 ei : = 1 en  =egg 5 Em - EF= re= EEEI 
el:  am-eau-a---455-- -E. .e.e..0. E 211  It" E 15 =EE E 	EEc el. e. 	e - - : - I„ H.::  III !Fr MEW 41. letiblfiggligell li : mi lade ;1111: c.: cum4. . e-gm.: E gE 2  __C....e...mt..._ cn  .. 

11 die "WI uriee-eleie 3 33  . 1  ' 1 " le" gl: ii= U111' :"É. 5gg 	•itamm enlan 1E E=EE LEI: ilki0=E i= EEE,En.gEEEE===,É===1.= El ered E le 5e2  1 

-- -410.11 :155-1111 AllellErell:111 elle 2-111 Ye Illi ;;3  h ie  e 1:  --- :;1 931! ll 3113 331el IfflillifIll 1 :3211111111111411141 É 11-111E 1 1141111E1 
e;  - 	.4-1_---ii--!-9--7--- Eem----- El___ l_ EA! _-_mi.41_EAti - Eq14...4 	1E.Iiii llE-2  ifm=liedssy essccsesmssEEEcEccmc =mr. czcEccrocces-ccmcm 

elg Well 4491 EnlEgegl eenaellelebEeeeengel  lEll 11=le„E-aa I.:- E EE11.1=AlismErn â. LEMIEMPIII lill II eitgilegee 
11111111111111111111Ehli 1-9111 10110111111111111111r NNW 1 11 1 11101 Ital111111111111111111$11111 11:111111111111111111411 1114111111111 r 	

; limmilimilliallalle El Ill Ilitiollaillgelv Ili milliu 1 umil.3111  
10-11-iu-ligilliglol Ill ...1 à milumbilleille Ili î 1101111i111111111111411 51,0101timmild 15111.1! ' airemillar -' li 

111  - -- mg -- --II-  Oigg---E=1-b54 Pli : 	ilemiggglemlneEDE mum 1 egE Ehelleaggg Eggeggel.miegged gliglegiggliglimE Imo gg . gagglg 1119, 
EN' 	im 	. 

. g-.... '4"..-  :--,-. : El  LE Ekelliej"  -= reellikelregellihr335 :51101  15 Ilie Firrellre11,11M E  Vie_Minald unglq9 	- f R52  5 .-:' --:2:1 E -3011-0=1-2911ceen  - 1 en. 	nE .1E-Ei-...E3c.cEEcEE= _cc _.= c -cEl _cm .. e 1  Lid 
-**5  ''' 	 Illtigill= 1  inn C  gelefigileilMEnee Will ilailil 311 Ill  I' Illn 119À1111  likA111111111111 ;AL. if cm  le /Ill .• 

e  * ..n  . ; 'P.  ' ' nellienn -e 3E  ' 	8  .- Elin -nree  ' lire2191diiirellill'Élwalne  Milne-  Wiriee1121114-11111 4111111MINI119411111  
N 

I'. - j' e,J;-.21.1alir Ora ifteldrgEaddihdiblhailierapirlierpitseiree 111 - widirelle donapp 
. 11.,-.: 	.  

-I-  gilleleblielliellfilligiBleiligiefiligeilliiiiilliEllEEEMEM111•1  22,1911371111iillii c -1111111.11111111M111111111111111110111111:1111011M1111111111111111 : 

	

:_le.7 j _...: 	21:  eill1121:111514 111111110111 

	

1 	 1 
_JEE113_c MEEMMM.:j :-Ï,140 . 	.. . -aindi emilim :wee  

	

.::' - cencinni:11"="''eleeeneinneeelerie21-32"1/1E1E511:111111111111111111111111 112 1,111-  Al lr 	.' :' r eel II= eneE-ele e-n1  •'-' PEEE lEcE I- EilEnes 3E9112115._:5E lpecc :EcEc .1 1:ccEm 21 	_ à 	.g . 	cc  , 	;F t .1., ,,,:lli .7.,,_», ..teell  1 mien nis  
RRE 	1 -  ', 	_:.1:. 	c 2.. _ i  uà E E 

	

::' . .. aliffillill ilbeEl iimpued im. mi 	„hill  .......9. 1. pri: 	 L .._. :_, 1:  . t , i .r.  ..,,,,_,.. .,.. lie hamyyd.  
Ali: - - 	8: . 	1 & ILIMARE.I .  Edhiall . : 	: 4 .., 	MI 	9 !.:1.:,.t. ..«, 	11 : ,:iii .-..„,::i.:= 1::11 if 11,,,,. I. , :  ,. 1.,i711: 4: ehohneidehil  

	

: ::::" - :t:' : - : 	11 	I 	I. -T-El. -11.14 -31  I--  - neliNg  /- MIMI - 	

di 
 ._ . ,, 

- .tftii-.-i-,L,-1-7-..Tii-r. 	- • .. r• i  . ,.• I,- . 1:  ..-7...,. }:„. : L. : z1±-  E .•-t• --i. 	?.1_ ., j :  • . 9111, 1: _Al ell.!: 7 zzar ..1 ., e pi 	9 c ..7 . i.3. „..1:  _.: 7.. -:_1121-t-ti'  ' _.: 11 :442.5.....:L1111-.;L::  h..1. 1 7:1716.. illei 	lit c.-Ite,Là11,01. 1411 
1 

-----.1„, 

00U-7:1-:',1-±#.1-_-reder : _,,- ii2ete  . 	= 2...-.1  : 2::  - -•... I !HP : r Ei . LW NGi- -1' «gh 	1: -. &'' an= : 
	 ddooddW4WwwwwultutluCtbkbi 	t ::::: : : : II:: ::::::::ell 

Figure 57. Azimuth patterns of beam 5-8A at 35°  elevation, 
868 MHz, Vertical Polarization. 	• 
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Figure 58. Azimuth patterns of beam 9-12A at 350  elevation, 
868 MHz, Vertical Polarization.  
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Figure 60. Elevation pattern of 2L beam, 823 MHz, Vertical Polarization. 
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Figure 61. Elevation pattern of 1L beam, 823 MHz, Horizontal 
Polarization. 
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62. Elevation pattern of 1L beam, 823 MHz, Vertical Polarization. Figure 
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Figure 63. Elevation  pattern of 1R beam, 823 MHz, Horizontal Polarization. 
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64. Elevation pattern of 1R beam, 823 MHz, Vertical Polarization. 
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Figure 65. Elevation pattern of 2R beam, 823 MHz, Horizontal 
Polarization. 
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Figure 66. Elevation pattern of_2R beam, 823 MHz, Vertical Polarizaticn. 
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Figure 67. Elevation  pattern of 2L beam, 868 MHz, Horizontal Polarization. 
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Figure 69. Elevation pattern of 1L beam, 868 MHz, Horizontal Polarization. 
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Figure 70. Elevation pattern of 1L beam, 868 MHz, Vertical Polarization. 
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Figure 71. Elevation pattern of 1R beam, 868 MHz, Horizontal Polarization. 
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Figure 	72. Elevation pattern of 1R  beam, 868 MHz, Vertical Polarization. 
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Figure 73. Elevation -pattern of 2R beamf  868 HMz, Horizontal_Polarization .. 
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BEAM SELECIION CONTROLLER 

1. INTRODUCTION 

The function of the Beam Selection Controller is to 
select from fifteen possible channels the one with the 
highest signal level. The choice is made by measuring the 
magnitude of a d.c. signal from the microwave receiver, the 
level of which is proportional to the received r.f. energy. 
The Controller selects each r.f. beam by setting the positions 
of two six way and ten 	SPDT miniature bi-oadband coaxial 

• switches. 

2. CIRCUIT DESCRIPTION 

The circuit schematic of the Beam Selection Controller 
is shown in Figure 1 with a Parts List_in'Table..1- 

A single chip microcomputer, Ull, with integral analog 
to digital converter, performs the following fùnctions 

1) Selection of the r.f. channel. 
2) Quantisation of the input d.c. signal (indicating 

r.f. signal level). 
3) Alarm indication. Activated on failure to acquire 

an adequate r.f, signal on any channel. 
4). Automatic or Manual conl.rol. 

Also shown in the schematic are interface drivers, Ul 
through U10, between the microcomputer and the actuating 
solenoids of the r.f, switches. The .drivers are required to 
translate the 5v, level signals from the microcomputer to the 
12v. levels required to operate the solenoids. Each output . 
driver is equàped with a LED for ease of identification.of 
the currently selected switches. The uutput drivers are 
capable of sinking up to 1,5A, and are protected with diodes 
to clamp induced reverse EMF from the solenoids and with 
1000pF capacitors,C1 through C22, to limit the rate of rise 
of switching transients to prevent second breakdown of the 
output transistors:. 

Figure 2 shows the physical layout of the components 
on the circuit board while Figure 3 shows the connections to 
the r,f, switches which are shown in the unenergised position. 
The 'connection scheme is such that for any channel selected 
only two switch solenoids have to be energised and ±n -addition
each of the output driver chips, Ul through U6,carriés only a-
single switch load at any time. Table 2 defines the assignment 
of the microcomputer ports to the r.f. switches. 

Table 3 shows which r.f. switches are energised for 
each of the possible 15 beams, 
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3. OPERATION 

Figure 4 shows an overall flow chart ot the operation 
of the Beam Selection Controller which, as shown, can operate 

, 	in basically two modes: Manual and Automatic. 
3.1 Automatic Mode. 

The Automatic Mode is cOmprised of two major routines: 
.A) The Search Routine. 

This routine controls the sequential switching of 
all 15 channels to determine which channel has the 
highest r.f. level; The Search routine also generates 
the Yellow Alarm signal whenever a search of all 

• channels produces no signals above the threshold. 
Should a subsequent pre-determined number of searches 
(20 at present) continue to find no signals over the 
threshold the routine will activate the Red Alarm 
and reduce the search rate to once every two minutes. 
CThis reduction in search rate is designed to prolong 
the life of the mechanical r.f. switches), 
In normal operation the search routine will determine 
the channel with the highest -r.f. level and thenhand 
control over to the Monitor Routine. 

B) The Monitor Routine. 
The input signal level of the optimum channel determine , 

 by the Search routine is continually monitored by this 
routine to ensure that it remains above the minimum 
threshold. Should the signal level fall below the 
threshold the Monitor routine verifies that adequate 
signal level is not available on adjacent channels befo 
returning control to the Search Routine. 

Search Routine Operation, 
A detailed flow: chart of the Search Routine is shown in 

Figure 5. FOUT locations in memory are assigned as: 
A) Flag store (used by the Monitor Routind) 
B) Highest r,f, level channel address. 
C) Magnitude of highest r.f. 1eve1. 
D) Current channel address selected.. 
As is largely self-evident from the flow chart, the routin 

sequentially addresses each of the fifteen channels, testing 
each new input against a store of the highest level measured 
to that time. The highest channel store (address and level) 
is overwritten with.the current channel address and level 

• whenever the current level exceeds the stored level. When all 
fifteen channels have been measured the routine verifies that 
the highest level exceeds the minimum threshold and exits to 
the Monitor`Routine. Failure to acquire a signal of adequate . 
level  causes the  Yellow Alarm signal to be activateel and a 
new seara to be initiated. Should a subsequent secqbence 	- 
of searches continue to fail to find an acceptable signal the 
routine will activate the Red Alarm and drop the search rate 
to once every two minutes. 



Monitor Routine Operation. 
Figure 6 shows the flow,  chart for the Monitor Routine. 

The routine monitors the input signal level at 60mS intervals 
and verifies that the level is continuing above the threshold. 
Should the level drop below the threshold, and since at this 
stage the flag store is clear, the routine will initially 
decrement the channel address and set the decrement flag in the 
flag store. The signal level on this adjacent channel will then 
be compared with the threshold and, if satisfactory, the flag 
store will be cleared and the routine will revert to its 
monitoring role. If the signal level is still unsatisfactory 
however, the routine will check the flag store and seeing the 
decrement flag set will increment the channel address by •wo 
and set the increment flag  ,The signal level on this second 
adjacènt channel will then be measured and compared with the 
threshold. As before, if the level is satisfactory the flag store 
is cleared and normal monitoring resumes, If the signal level 
is still unsatisfactory however, the routine on seeing the 
increment flag set in the flag store will return control to the 
Search Routine since neither the' selected nor the immediately 
adjacent channels have adéquate input signal levels. 

At present the Monitor Routine has a maximum reaction 
time of approximately 60mS to loss of signal. 

3.2 Manual Mode, 
The flow chart for the Manual Mode is shown in Figure 7. 

The Manual Mode is entered when the Auto/Manual switch is in 
the Manual position. This causes an interrupt input to the 

. microcomputer which williamediately suspend its current 
processing and begin to execute the Manual Routine. The routine 

. causes the Manual Beam Selection Switches to be read and 
translated into drive signals to the appropriate r.f. switches, 
Having set up a specific beam the routine then causes the 
r,f. level to be measured and compared with the stored 
threshold level, Failure to equal or exceed the threshold 
will result in the activation of the Yellow Alarm 

When the Auts/Manual switch is returned to the Auto 
position prior to relinquishing control to the Search routine. 
the Manual routine will clear the Yellow Alarm(if set), 
reset the stack pointer and remove the interrupt mask. 
Note that since switching to the Manual Mode interrupts the 
microcomputer it may be used as a Reset switch by 
momentarily switching to the Manual mode and back to the 
Automatic.The microcomputer will clear all alarms and start . 

. a new search cycle, 
3,3 Subroutines. 

Two subroutines are used by all the control routines. 
These are «Ohe Delay Routine and the Output Routine. 

Delay Routine, 
The Delay Routine flow' chart is shown in Figure -8. The 

routine translates the contents of RAM store locations 015 
and 016 into a corresponding delay at the rate of 2.29mS per 
bit and 584mS per bit respectively. This allows delays to be 
created from 2.29mS to 149S. 



Output Routine, 
The Output Routine flow chart is shown in Figure 9. The 

routine translates the contents of RAM store location 013 
(current channel address) and location 014 (Alarm status) into 
the necessary output patterns on the microcomputer ports A,B 
and C to drive the required r.f. switches and alarm signals. 

' The appropriate output signals for each channel address 
are read by the routine from a look-up table in ROM locations 
090 through OBF, The Output routine also calls the Delay routine 
to insert a 60mS delay to allow switching transients to settle 
prior to returning control to the main program. 

3,4 Power-up Routine 	• 
Figure 10 shows the flow chart for the Power-up Routine. 

This routine is only entered from a power-on reset and after 
clearing the Alarm store and enabling interrupts to the 
microcomputer hands over control to either the Èearch or 
Manual routines depending on the position of the Auto Manual 
switch, 



4 .1 	RAM MAP  

ADDRESS 	DESCRIPTION 	• 

010 	Flag Store. Bit 0 - Increment Flag. 
Bit 1 - Decrement Flag. 

011 	Highest r.f. level. 
012 	Highest r.f. level channel address. 
013 	Current channel selected. 
014 	Alarm status • . Bit 0 - Yellow alarm. 

Bit 1 - Red alarm. 
015 	Delay Routine working store#1 (2.29mS per bit) 
016 	Delay Routine working store#2 (584mS per bit) 
017 	Search cycle count prior to Red Alarm. 
018 	Monitor Routine working store. 

•-• 
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• 111 

11 
ii 
Jr. 
Il 

•11 
•11. 

il  

It  

• 4.2 	RON NAP  

ADDRESS 	DATA 	• 	DESCRIPTION  
, 

	

080 	7F 	Threshold level  for  r.f. input. 

	

- 081 	lA 	Switch'delay, 60mS (26x2.29mS). 

	

082 	CD 	Alarm.  delay, 2mins (205x0.584mS). 

	

.. 083 	02 	• 	Test pause', 1S (2x0.584mS). 

	

084 	• 	OE 	Highest channel address minus one. 

	

085 	14 	Number of searches prior to Red Alarm. 

090 	04 	Port A Channel 1 output switch patterr . 
091 	00 	f. 	2 	it 

092 	00 	ti 	3 	tt 

093 	01 	/I 	 4 	Il 

094 	00 	.1 . 	5 	.1 

095 	02 	it 	6 	.1 

096 	00 	.1 	7 	It 

097 	• 	00 	il 	8 	it 

098 	40 	I. 	9 	ft 

099 	20 	il 	10 	it 

' 09A 	80 	II 	 11 	 II 

09B 	00 	,•1 	12 	t, 	. 
09C 	00 	I. 	13 	it 

09D 	08 	I. 	14 	irt 

09E 	10 	.. 	15 	., 

09F 	00 	" Not assigned. 
°AO 	01 	Port B Channel 1 output switch patter .  
°Al 	40 	II 	2 	II 

0A2 	20 	II 	3 	n 	. 
0A3 	00 	it 	4 	tt 

0A4 	80 	. 	ff 	 5 	• 	 et 

OAS 	00 	it 	6 	Pt 

0A6 	10 	_ 	II 	7 	I. 

0A7 	08 	II 	8 	.. 

0A8 	00 	• 	.1 	9 	I. 

0A9 	00 	1, 	10 	.. 

OAA 	00 	ft 	11 	.. 

OAB • 	04 	tt 	12 	.1 

OAC 	02 	., 	13 	it 
,. OAD 	00 	11 	14 
it OAE 	00 	it 	15 

OAF 	00 	" Not assigned. 
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ADDRESS  

ROM MAP  (contintled) 

DATA 	• DESCRIPTION  

OBO 	 00 
OB1 	 04 
OB2 	 04 
OB3 	80 
OB4 	80 
OB5 	. 	40 
OB6 	04 
OB7 	04 
OB8 	20 
OB9 	20 
OBA 	10 
OBB 	 04 
OBC 	 04 
OBD 	 08 
ODE 	08 
OBF 	 00 

Port C Channel 1  output  switch pattern. 
II 	 2 	II  

• 
II 	3 	II 

II 	 4 	. 	I, 
II 	 5 	 II  

1.1 	 6 	II 
II 	7 	1, 
t, 	8 

. 	I., 	9 	,1 
II 	10 	 II  

II 	 11 	 II 

II 	12 	II  
II 	13 	II 

11 	14 	 II 

II 	15 	II  
" Not assigned. 

F38 	78 
FFA 	 03 
FFB 	 00 
FFE 	04 
FFF 	00 

MOR Register. 

INT Vector ,  

Power Up Vector. 



4.3 	DELAY ROUTINE 

ADDRESS 	INSTRUCTION 	DESCRIPTION  

OCO 	TST 016 	3D 	Test 016 for zero. 
OC1 	16 
0C2 	BEQ 06 	27 	Branch if 016 is zero. 
0C3 	• 	06 
0C4 	DEC 016 	3A 	Decrement 016. 
005 	16 
006 	LDA FF 	A6 	Load A with FF. 
007 	FF 
008 	STA 015 	B7 	Set 015 to FF. 
0C9 	15 
OCA 	TST 015 	3D 	Test 015 for zero. 
OCB 	15 
OCC 	BEQ 14 	27 	If zero exit since requested 
OCD 	OE 	delay is zero. 
OCE 	LDX 015 	BE 	Load 015 to X. 
OCF 	15 
ODO 	LDA FF 	A6 	Load A with FF. 
OD1 	FF 
0D2 	DEC A 	4A 	Decrement  A. 
0D3 	BNE -3 	26 	Branch when not zero. 
OD4 	FD 
OD5 	DEC X 	5A 	Decrement X. 
OD6 	BNE -8 	26 	Branch when not zero. 
OD7 	F8 
0D8 	TST 016 	3D 	Test 016 for zero. 
01)9 	16 
ODA 	BNE -24 	26 	Branch when hot zero. 
ODB 	 E8 
ODC 	RTS 	81 	Subroutine return, 
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4.4 	OUTPUT ROUTINE 

-. ADDRESS 	 INSTRUCTION 	DESCRIPTION  

	

ODF 	LDX 013 	BE 	Load Current Channel address. 
• 0E0 	 13 

	

0E1 	. 	LDA 090 	E6 	Load 90+X into A. 

	

0E2 	 90 

	

0E3 	STA 000 	B7 	Output to port A. 

	

0E4 	. 00 

	

0E5 	LDA OA° 	E6 	Load 0A0+X into A. 

	

0E6 	 AU  

	

0E7 	STA 001 	B7 	Output to port B. 

	

0E8 	 01 

	

0E9 	LDA OBO 	E6 	Load OBO+X into A. 

	

OEA 	 BO 

	

OEB 	ORA 014 	BA 	OR with Alarm status. 

	

OEC 	 14 

	

OED 	STA 002 	B7 	Output to port C. 

	

OEE 	 02 

	

OEF 	LDA FF 	A6 • Set A to FF. 

	

OF° 	 FF 

	

OF1 	STA 004 	B7 	Set port A to Output. 

	

OF2 	 04 

	

0F3 	STA 005 	B7 	Set port B to Output. 

	

' OF4 	 05 

	

OF5 	STA 006 	B7 	Set port C to Output. 

	

OF6 	 06 

	

017 7 	CLR 01G 	3F 	Clear Delay store #2. 

	

OF8 	 16 

	

0F9 	LDA 081 ' B6 	Load switch delay. 

	

ÔFA 	 81 
• OFB 	STA 015 	B7 	Store Delay #1. 

	

OFC 	 15 	 . 

	

OFD 	JSR OCO 	BD 	60mS switch delay. ' 

	

OFE 	 CO 

	

OFF 	RTS 	81 	Subroutine return. 



ADDRESS  INSTRUCTION DESCRIPTION..  

4,5 SEARCH ROUTINE 

LDA 00 	A6 
00 

STA 010 	B7 
10 

STA 011 	B7 
11 

STA 012 	B7 
12 

STA 013 	B7 
- 13 

JSR ODF BD 
DF 

CLR 00E 	3F 
OE 

TST 00E 	3D 
OE 

BPL -4 	2A 
PC 

LDA OOF B6 
OF 

CMP 011 	Bi 
11 

BLS 06 	23 
06 

STA 011 	B7 
11 

LDA 013 	B6 
13 

StA 012 	E7  
12 

BRCLR7 	OF 
03 
06 

LDA 083 	B6 
83 

STA 016 	B7 
16 

JSR OCO 	BD 
CO 

INC 013 	3C 
13 

LDA 013 	B6 
13 

CMP 084 	B1 
84 

BLS -37 	23 
- - DB 

LDA 011 	B6 
11 

CMP 080 	B1 
80 

BHS 32 	24 
20 .  

Clear A 

Clear Flags. 

Clear highest r.f. level. 

Clear highest channel address. 

Set current channel to lst(0). 

Call output routine. 

Start A.D. conversion. 

Test for completion of A.D. 

Branch if Bit 7 not set. 

Load A.D. result into A. 

Compare A with highest r.f. 
level. 
Branch if A is smaller than M. 

Store highest r.f. level. 

Load current channel. 

Store lighest level channel 
address. 
Test for Test Mode. 

Load Test pause. 

Store for Delay Routine. 

Call Delay Routine. 

Set up next channel address. 

Load next channel address. 

Test for highest channel 
address. 
Re peat until all-channels 
scanned, 
Load highest r.f. level. 

Compare with threshold. 

Branch if above threshold. 

100 
101 
102 
103 
.104 
I05 
106 
107 
108 
109 
10A 
10B 
10C 
10D 
10E 
1OF 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
11A 
11E 
11C 
11D 
11E 
11F 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
12A 
12B 
12C 
12D 
12E 
12F 
130 
131 
132 
133 
134 



ADDRESS 	 INSTRUCTION 	 DESCRIPTION , 

135 	 BRCLR1 	03 	Test for RED ALARM. 
136 	 14 	 ' 
137 	 09 
138 	 LDA 082 	B6 	RED ALARM pause. 
139 	 82 	 . . 
1.3A 	 STA 016 	B7 	AlaYm pause input to Delay 

• 13B 	 16 	Routifte. 
13C 	 JSR OCO 	BD 	Call Delay Routine. 
13D . 	 CO. 
13E 	'4MP 100 	CC 	Return to beginning of 
13F 	 01 	Search Routine, 
140 	 00 
141 	 BRSETO 	00 	Test for YELLOW ALARM. 
142 	 14 
143 	 06 	 . 
144 	 LDA 085 	B6 	Load maximum number of 
145 	 85 	searches prior to RED ALARM. 
146 	 STA 017 	B7 	Store in Search Counter. 
147 	 17 
148 	 BSETO 	10 	Set YELLOW ALARM on. 
149 	 14 	

_ 

14A 	 DEC 017 	3A 1 	Decrement Search Counter. 
14B 	 17 
14C 	 BNE 04 	26 	Branch if Search Counter 
14D 	 04 	is not zero. 
14E 	 BCLRO 	11 	Clear YELLOW ALARM. 
14F 	 14 
150 	 BSET1 	12 	Set RED ALARM. 
151 	 14 
152 	" 	 JMP 100 	CC 	Retiirn to beginning of 
153 	 ' 01 	Search Routine. 
154 	: 	 00 
155 	 CLR 014 	3F 	Cancel Alarms. 
156 	 14 
157 	 LDA 012 	B6 	Load highest level channel• 
158 	 12 	address, 
159 	 STA 013 	B7 	Store in current channel 
15A 	 13 	address, 
15B 	 JMP 200 	CC 	Enter MONITOR ROUTINE. 
15C • - 	02 
15D 	. 	 00 



ADDRESS  INSTRUCTION  DESCRIPTION  

JSR ODF BD 
DF 

CLR 00E 	3F 
OE 

TST 00E 	3D 
OE 

BPL -4 	2A 
FC 

LDA OUF B6 
OF 

CMP 080 	B1 
80 

BLO 4 	25 
04 

CLR 010 	3F 
10 

BRA -18 	20 
EE 

BRCLR7 OF 
03 
06 

LDA 083 B6 
83 

STA 016 	B7 
16 

JSR OCO 	BD 
CO 

BRSETO . 00 
10 
25 

BRSET1 02 
10 
10 

BSET1 	12 
10 

LDA 013 	B6 
13 

STA 018 	B7 
18 

DEC 013 	3A 
13 

BPL -43 	2A 
D5 

LDA 084 B6 
-134 • 

STA 013 B7 
13 

BRA -49 20 
CF 

BSETO 	10 
10- 

LDA 018 B6 
18 

Call OUTPUT ROUTINE. 

Start A.D. conversion. 

Test for completion of A.D. 

Branch if Bit 7 not set. 

Load A.D. result. 

Compare with threshold. 

Branch if level below 
threshold. 
Clear Flag Store. 

Return to begin:oiling of 
Monitor Routine. 
Check for Test. pause. 

Load Test pause. 

Store for Delay Routine, 

Call Delay Routine. 

Check for Increment Flag. 

Check for Decrement Flag. 

Set Decrement Flag. 

Load current address. 

Store current address. 

Decrement current address. 

Branch if positive to 
beginiting of Monitor Routine.. 
Load highest chanitel address. 

Store in Current address. 

Return to beginiiing of 
Monitor Routine. 
Set Increment Flag. 

Restore current address. 

'4,6 	MONITOR.  ROUTINE 

1 

11 	
-200 

201 
202 , 

- 	" 203 

I! 	204 
205 
206 

11 	
207 
208 
209 

, II 	20A 
20B 
20C 
201) II 	20E 
2OF 
210 

11 	211 
212 

214 
213 

111 	215 
216 
217 

1! 	218 
219 
"A La. 

1! 	 21B 
21C 
21D 

II . 	

21E 
21F 
220 
221 

11 	222 
223 
224 

4 . 	. 	

225 
226 
227 
228 

1! 	229 
22A 
22B 

I! 	_ 	22C • 
221) 

. 	22E 

11 	
. 22F 

230 
231 
232 

11 	. 233 
234 i 



ADDRESS 	INSTRUCTION 	DESCRIPTION  

	

235 	STA 013 	B7 	Load restoYed address. 

	

236 	 13 

	

237 	INC 013 	3C 	Increment current address. 

	

238 	 13 

	

. 239 	LDA 084 	B6 	Load highest channel address. 

	

• 23A 	" 	84 

	

23B 	COMP 013  Bi 	Compare highest channel addres 

	

23C 	 13 	with current address. 

	

23D 	BHS -63 	24 	Branch if highest address is 

	

23E 	• Cl 	greater than current. 

	

23F 	CLR 013 	3F 	Set current address to 0. 

	

240 	 13 

	

241 	BRA -67 	20 	Branch to beginiIng of 

	

242 	 BD 	MONITOR ROUTINE. 

	

243 	JMP 100 	CC 	Return to SEARCH ROUTINE. 

	

244 	 01 

	

245 	 .00 



ADDRESS  INSTRUCTION 	DESCRIPTION 1 
1 4.7 	MANUAL ROUTINE 

1/ 	

. 
300 

	

- 	' U) 32 	

CLR 014 	3F 

	

14 	
Clear Alarms. 

11 	. 	
• LDA OE 	A6 

OE 
304 	AND 03 	B4 	

Load Mask 00001110. 
303  

Extract D1,D2,D3. 
305 	. 	03' 

II 	
306 LSR 

	

- 44 	Shift right, 
307 	STA 013 	B7 

 
Store in current channel 

308 	 13 	address, 

Il 	309 

30B 	

BRCLR6 	OD 

	

02 	

Test D6 
30A 	 03 

30C 	BSET3 	16 	Set Bit 3 in current channel 

I/ 
 30D 

	

13 	address. 
30E 	JSR ODF  BD   Call output routine. 
3OF 	 DF 

	

11 	
310 
311 	

CLR 00E 	3F 

	

OE 	
Start A.D. conversion. 

312 	TST 00E 	3D 	Test for completion of A.D. 

	

II 	
313 OE 
314 	BPL -4 	2A Branch if Bit 7 not set. 
315 	 FC .  
316 	LDA OOF 	B6 	Load A.D. result into A. 

II 

 

317
0F  

CMP 080 	B1 318 
 

Compare with threshold. 
319 	 80 

	

11 	31B 
31A 	BLO 4 	. 25 

	

04 	
Branch if level less than 
thTeshold. 

31C 	CLR 014 	3F 	Clear Alarm. 

	

11 	

31D 
31E 
31F 	

BRA 	
14 
20 

	

04 	
Go to exit test. 

320 	LDA 01 	A6 	Load A with 01. 

11 
 321 	 01 
322 STA 014 	B7 Set YELLOW ALARM. 
323 	 14 

	

11 	
326 	

. 	
RSP 

324 
325 	

BIL -36 	2E 
DC 

	

9C 	

Check Interrupt Line. 

Reset Stack Pointer. 
327 	CLI 	9A 	Clear Interrupt Mask. 
328 

  
CLR 	3F 	Clear alarms. 

329  	14_ _ 
32A 	JMP 	CC. 	Jump to Search Routine. 

	

Ir 	, 	32B' : 	-01 (Automatic Mode selected) 

32C 	 00 
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4,8 	POWER-UP  ROUTINE. 

ADDRESS  

400 
401 _ 
402 
403 
404 
405 
406 
407 
408 
409 
40A 

INSTRUCTION 	DESCRIPTION  

CLR 014 	3F 	Clear AlarMs. 
14 

CLI 	9A 	-êjeai—i-nterrupt Mask. 
ML 3 	2E 	Test for Manual Mode. 

03 
JMP 100 	CC 	Jump to SEARCH ROUTINE. 

01 .  

JMP 300 	CC 	Jimp tb,MANUAL ROUTINE. 
03 
00 
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FIGURE 4 

BEAM SELECTION CONTROLLER FLOW CHART 

POWER-UP ROUTINE 

AUTOMATIC MODE 

-SEARCH ROUTINE  
SCAN ALL CHANNELS ,  

IF NO CHANNELS ABOVE 
THRESHOLD SET YELLOW ALARM. 

IF 20 CONSECUTIVE SCANS WITH 
YELLOW ALARM ON THEN SET RED 
ALARM AND DROP SCAN RATE TO 
ONCE EVERY TWO MINUTES. 

MANUAL MODE 	INTERRUPT 

MANUAL ROUTINE  
BEAM SELECTION UNDER 
CONTROL OF MANUAL SWITCHES. 

IF SIGNAL LEVEL ABOVE THRESHOLD 
FIND HIGHEST SIGNAL AND LOAD INTO 
CURRENT ADDRESS STORE. 

EXIT TO MONITOR ROUTINE. 

MONITOR ROUTINE  

*CHECK CURRENTLY ADDRESSED CHANNEL 
SIGNAL LEVEL REMAINS ABOVE THRESHOLD. 

IF SIGNAL LEVEL LESS THAN THRESHOLD 
CHECK LEVEL OF ADJACENT CHANNELS. 

RETURN TO SEARCH ROUTINE IF SIGNAL 
LEVEL ON ADJACENT CHANNELS ALSO LESS 
THAN THRESHOLD. 



YES NO 

WRITE CURRENT 
CHANNEL LEVEL 
AND ADDRESS TO 
STORE. 

TEST PAUSE REQUESTED?' _ 

YES 

'LOAD TEST PAUSE. 
'CALL DELAY ROUTINE  

IS CURRENT CHANNEL THE 
HIGHEST CHANNEL?  

NO 

NO 

Ij  
Ii 
Ii 
RI 
li  

FIGURE 5 

SEARCH ROUTINE FLOW CHART 

'ENTRY  

CLEAR FLAGS, 
CLEAR HIGHEST CHANNEL 
ADDRESS. 
CLEAR HIGHEST CHANNEL 
LEVEL. 
SET CURRENT CHANNEL 
ADDRESS TO ZERO.  

CALL OUTPUT ROUTINE. 

INPUT SIGNAL LEVEL. 

SIGNAL LEVEL EXCEEDS 
PRESENT LEVEL IN 
HIGHEST STORE? 

YES 

HIGHEST LEVEL  STORE  
ABOVE THRESHOLD? • 

1 
YES 

INCREMENT CHANNEL AbDRESS1 
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1 
1 

CANCEL ALARMS. 
NOVE  HIGHEST CHANNEL 
ADDRESS TO CURRENT . 
ADDRESS. 
EXIT TO MONITOR ROUTINE 

I  
RED ALARM1 

NO YES 

1 
1 

1 
SET YELLOW ALARM. 
LOAD SEARCH COUNTER 
WITH MAX. SEARCHES 
PRIOR TO RED ALARM.  

DECREMENT SEARCH COUNTER. 
- COUNTER EQUAL ZERO? 

1  

SEARCH ROUTINE FLOW CHART  (Continued) 

GET RED ALARM PAUSE 
(2mins.) 
CALL DELAY ROUTINE. 

YELLOW ALARM?' 

NO YES 

YES 

SET RED ALARM, 
CLEAR YELLOW ALARM. 

RETURN TO START OF SEARCH ROUTINE, 

NO I 1 

Ij  
111  

1111 
.„. 
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NO 

ITEST PAUSE REQUESTED?  

YES 
« 	I  
CLEAR FLAGSJ 

YES NO 

SET 

YES NO 

SET CURRENT 
ADDRESS TO 
ZERO ,  

1 

r- 
YES 

SET INCREMENT FLAG. 
RESTORE CURRENT ADDRESS 
TO PRE-DECREMENTED 
VALUE. 

CURRENT ADDRESS EQUAL 
MAXIMUM ADDRESS? 

INCREMENT 
CURRENT ADDRESS 

1 

NO 'YES 

LOAD HIGHEST 
CHANNEL ADDRESS 
TO CURRENT STORE.  

1 

SET DECREMENT FLAG. 
SAVE CURRENT CHANNEL 
ADDRESS IN PRE-DECREMENT 
STORE. 
DECREMENT CURRENT ADDRESS. 
CURRENT ADDRESS LÈSS THAN 
ZERO? 

FIGURE 6 

MONITOR ROUTINE FLOW CRART 

IENTRY 

CALL OUTPUT ROUTINE 

MEASURE INPUT SIGNAL 
LEVEL. 

EXCEEDS THRESHOLD? 

1 

pET TEST PAUSE. 
rALL DELAY ROUTINE. 

1 
'INCREMENTFLAG 

YES 

1 
IEXIT  TO SEARCH 
(ROUTINE.  

NO  

1  

'

DECREMENT FLAG 
SET?  

1 
NO 



NO 

SET YELLOW ALARM. 

YES 

I 	I  
'CLEAR ALARMS, 

FIGURE 7 

MANUAL ROUTINE FLOW CHART 

ENTRY  BY INTERRUPTI 

GET MANUAL SWITCH INPUTS. 

SET IN CURRENT ADDRESS STORE. 

CALL OUTPUT ROUTINE. 

MEASURE INPUT SIGNAL LEVEL. 

SIGNAL LEVEL GREATER THAN THRESHOLD? 

k t 

I 	. 
'MANUAL MODE SWITCH ONg 	_ 

I  

I 
YES 	 NIO 

1 
CLEAR ALARMS. 

RESET STACK POINTER. 

CLEAR INTERRUPT MASK, 

RETURN TO SEARCH ROUTINE 
(Automatic Mode)  

- 
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YES 

LEAST SIGNIFICANT 
DELAY WORD IS 
ZERO ? 

DECREMENT MOST SIGNIFICANT 
WORD AND SET LEAST 
SIGNIFICANT DELAY WORD TO 
MAXIMUM.  
	1 

1 
DELAY LOOP  

DECREMENT UNTIL LEAST 
SIGNIFICANT WORD IS 

ZERO 

[

TEST MOST SIGNIFICANT 
WORD  IS EQUAL TO ZERO 

EXIT 

(Requested 
delay is zero) 

YES  NO 

YES NO 

FIGURE 8 

DELAY ROUTINE.  FLOW brIART 

NOTE  
The delay is set by two words. The Least 
word has a value of 2.29mS per bit up to 
255x2.29mS i.e, 584mS, 
The Most Significant word has a value of 
up  to  a maximum of 255x584ms i.e. 149S. 

Significant 
a maximum of 

584mS per bit 

MOST SIGNIFICANT 
DELAY WORD IS 
ZERO ? 

- 

EXIT 

(Delay completed) 
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FIGURE 9 

OUTPUT ROUTINE FLOW CHART 

1 GET CURRENT CHANNEL ADDRESS 
« 	  

FROM LOOK-UP TABLE DETERMINE 
SWITCH DRIVER ASSIGNMENTS FOR 
PORT A AND B AND OUTPUT  

' 

FROM LOOK-UP TABLE DETERMINE 
SWITCH DRIVER ASSIGNMENTS FOR 
PORT C. 
GET CURRENT ALARM STATUS, FORM 
LOGIC OR WITH PORT C SWITCH-
ASSIGNMENT AND OUTPUT. 	.  

SET UP SWITCH DELAY (60mS) AND 
CALL DELAY ROUTINE.  

RETURN 
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CLEAR ALARMS, 

CLEAR INTERRUPT MASK. 

MANUAL MODE? 

1 	• 

FIGURE 10 

POWER-UP ROUTINE  

[POWER-UP RESET' 

YES 

ICALL MANUAL ROUTINE' 

1P 
ICALL SEARCH ROUTINE' 
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1K, 0.25W 
22K, 0.25W 

SN75068 
CD40508 
MC68705R3 

Resistor 
Resistor 

Integrated 
Integrated 
Integrated 

24 
1 
1 
2 
1 

23 
1 
2 

25 
5 

cct. 
cct. 
cct. 

6 
4 
1 

5 

TABLE 1  

PARTS LIST  

CIRCUIT DESIGNATION DESCRIPTION QUANTITY 

Cl-C24 
C25 
C26 
C27,29 
C28 

Dl-D23 
D24 
D25,26 

R1-25 
R26-30 

U1-6 
U7-10 
Ull 

51-5 

xi  

1000pf Capacitor 
27pf Capacitor 
0.01mfd Capacitor 
lmfd Capacitor 
47mfd Capacitor 

MV5752 Red LED 
MV5352 Yellow LED 
1N4148 Diode 

SPST Switch 

3.579545 MHz Crystal 	1 

/ 
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TABLE 2  

MICROPROCESSOR PORT ASSIGNMENTS  
- - 

PORT 	 ASSIGNMENT  
- 

	

7A 	 RFS1 - 

	

6A 	 RFS 2 

	

SA 	 RFS 3 

	

4A 	 RFS 4 

	

3A 	 RFS 

	

2A 	 RFS 6 

	

1A 	 . 	RFS 7 

	

OA 	 RFS 8 

	

7B 	 RFS 9 

	

6B 	 RFS10 P1 

	

B 	 RFS10 P2 

	

4B 	 RFS10 P3 

	

3B 	 RFS10 P4 

	

2B 	 RFS10 PS 

	

1B 	 RFS10 P6 

	

OB 	 RFS11 P1 

	

7C 	 RFS11 P2 

	

6C 	 RFS11 P3 

	

SC 	 RFS11 P4 

	

4C 	 RFS11 PS 

	

3C 	 RFS11 P6 

	

2C 	 RFS12 

	

1C 	 RED ALARM 

	

OC 	 YELLOW ALARM 
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TABLE 2  

MICROPROCESSOR PORT ASS IGNMENTS  
- - 

PORT 	 ASSIGNMENT  
- - 	• 

	

7A 	 RFS1 

	

6A 	 RFS 2 

	

SA 	 RFS 3 

	

4A 	 RFS4 

	

3A 	 RFSS 

	

2A 	 RFS 6 

	

lA 	 RFS 7 

	

OA 	 RFS 8 

	

7B 	 RFS 9 

	

6B 	 RFS10 P1 

	

SB 	 RFS10 P2 

	

4B 	 RFS10 P3 

	

3B 	 RFS10 P4 

	

2B 	 RFS10 PS 

	

1B 	 RFS10 P6 

	

OB 	 RFS11 P1 

	

7C 	 RFS11 P2 

	

6C 	 RFS11 P3 

	

SC 	 RFS11 P4 

	

4C 	 RFS11 PS 

	

3C 	 RFS11 P6 

	

2C 	 RFS1 2 

	

1C 	 RED ALARM 

	

OC 	 YELLOW ALARM 
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TABLE 3  

R.F. SWITCH ASSIGNMENTS 

BEAM it 	 RF,  SWITCHES ENERGISED 
1 	 RFS6 	RFS11,1 
2 	 RFS10,1 	RFS12 
3 	 RFS10,2 	RFS12 
4 	 RFS8 	RFS11,2 
4A 	 . RFS9 	RFS11,2 
5 	 RFS7 	RFS11,3 
6 	 RFS10,3 	RFS12 
7 	 RFS10,4 	RFS12 
8 	 RFS2 	RFS11,4 
8A 	 RFS3 	RFS11,4 
9 	 RFS1 	RFS11,5 
10 	 RFS10,5 	RFS12 
11 	 RFS10,6 	RFS12 
12 	 RFS5 	RFS11,6 
12A 	 RFS4 	RFS11,6 

hl 
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APPENDIX B. 	CHANGES TO DRAWINGS  

1. 2.500 inch standoffs (301-20000-15) fabricated from 
0.62 inch diameter round aluminum with two flats 

( 12 inch A.F.) milled at one end. 

2. Butler Matrix Board Support Angles installed 
inverted with 2.5 inch standoff flats . at Butler 
matrix end for clearance. 

3. Notches required in some Hybrid Board Support Channels 
to clear load resistor wires at one end of Hybrid Boards. 

4. 96 10-32 x 11 inch long stainless steel Socket head cap 
screws required to hold element board reinforcement strips. 

5. 0.141 inch holes in Balun bases (301-20000-18B) enlarged 
to 0.144 inch. 

6. 0.141 inch holes in Dielectric Spacers (301-20000-19) 
enlarged to 0.144 inch. 

Bi  
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