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ABSTRACT 

Most CATV engineers are well aware of the 
difficulties in producing functional, 
interference repellent, and cost-effective 
antenna-tower/antenna-array designs, and in 
completing the project on time. The Computer 
Assisted Design (CAD) program, developed by Biro 
Engineering, optimizes array configurations, 
their dimensions, and proper location on the 
tower. 

The paper will discuss the major benefits 
of the program, such as improved co-channel, 
adjacent channel and second harmonic FM 
interference rejection, as well as the 
advantages of a computer drafted and printed 
tower/array design, as applied to a 400' guyed 
CATV antenna tower project. 

Most CATV engineers are well aware of the 
difficulties in producing functional, 
interference repellent, and cost-effective 
antenna-tower/antenna-array designs, and in 
completing the project on time. 

For those who consider the array design a 
simple task, just take into account the 
different VHF-UHF antenna models on the market, 
their gain, beamwidth, Front/Back ratio 
specifications, the different shape and physical 
size of the radiators, mounting features, the 
length of the antenna boom or the diameter of 
the parabolic dish, and last but not least, the 
antenna manufacturer. Then, focusing on the 
tower design, one must choose between 
selfsupporting and guyed antenna towers, deal 
with tower height and/or guy-wire layout 
restrictions, reserve space for microwave dishes 
or two-way radio radiators, the mounting of the 
arrays on tower-legs, crossarms or V-Gate 
structures, vertical and horizontal separation 
between arrays,--just to mention a few 
variations. 

In effect, the design may involve a vast 
number of possibilities, too many to be chosen 
by intuition or experience, and too many to be 
analyzed in an ordinary way. 

Off-air TV receiving antennas have to 
fulfill two distinctive functions. First, to 
provide maximum gain in the direction of the 
desired signal. Second, to repell signals 
arriving from the undesired (interference) 
directions. 

CATV receiving antennas cannot operate in 
open space. They are mounted on gates, 
crossarms, or on the tower legs of massive 
steel towers. Or, by choice, the antenas are 
co-located on the tower. Nearby reflecting 
surfaces may destroy the radition pattern of 
the arrays, and any such interference should be 
avoided or reduced to a tolerable level. That 
formulates a third objective: to generate a 
"clean" tower and antenna-array design. No 
matter whether the engineer follows the old 
fashioned "manual design", or applies the 
recently developed Computer Assisted Design 
program, he needs design specifications, such 
as: 

1. Listing of the desired VHF-UHF stations to 
be carried on cable. 

2. Projected or actual signal levels of the 
desired stations. 

3. Predicted or measured interference levels, 
such as: 

a. Co-channel interference 
b. Adjacent channel interference 
c. Second harmonics of local FM stations 
d. AC interference sources 

4. The direction of reflections (ghosting) 

5. Type of tower. 

6. Tower height limitations. 

7. Microwave dish allocations 

8. Preference of antenna-type and/or antenna 
manufacturer. 
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To comply with the signal level and 
interference protection requirements of the 
design specifications, the design must be 
preceeded by an on-site Signal Survey or by a 
Computerized TV Reception Study. Both require 
the exact coordinates of the proposed antenna 
site. They can be obtained either from 7 l/2' 
U.S. Geological Survey Maps (Topo-Maps), or with 
the aid of a LORAN receiver during the on-site 
Signal Survey. 

~~~ COMPUTER AIDED 

BIRO 

TV 

The printout of a Computerized TV 
Reception Study (fig.l) lists all major 
technical and program parameters of all desired 
and most of the undesired TV stations, 
including computer calculated great circle 
distances and directions. The computer 
projected signal levels should provide a 
reasonable basis for antenna-size and antenna 
height calculations, as well as for co-channel 
and adjacent channel considerations. 
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But the computer cannot take 
consideration: 

a. Terrain features, affecting desired and 
undesired signal levels 

b. Reflections, causing ghosting 

FIG.1 

into 

c. The intensity and direction of any AC or RF 
interference. 
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Therefore, the efficiency and reliability 
of the tower/antenna-array design can be 
significantly improved if it is followed by an 
on-site ground or helicopter survey, confir.ing 
signal level projections, as well as the 
direction and level of interference 
transmissions. 



THE SYNTHESIS PROCESS 

There are as many approaches to meet a set 
of specifications as there are design engineers. 
Given plenty of time, paper, patience, and a 
scientific calculator, an expert could produce 
all the unique solutions that meet the design 
specifications. However, there must be a better 
way. A computer can perform repetetive 
operations with ease. While not the ultiaate 
solution, ca.puterized synthesis is still the 
best tool to satisfy the complexities of the 
tower/array design. 

Synthesis has been widely used in 
connection with filter designs. The "G" or "K" 
parameters, often applied in "cookbook type" 
filter designs, represent no ~re than 
tabulation of solutions for a number of 
synthesis possibilities. 

The CAD program for towers and 
antenna-arrays, as a matter of fact, uses the 
same procedures in the computer aided mode that 
the experts use in the manual mode. The 
difference is that the computer constantly 
monitors many aspects of the design process and 
adapts ifself to changing specifications. Then, 
when a single or a set of specifications are 
judged inconsistant, the program may refuse to 
accept the input. Or, in the case of potential 
inaccuracy, the program flashes a warning note 
on the screen. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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FIG. 2 

Fig. 2 shows the synthesis display for the 
ADJACENT CHANNEL PROTECTION subroutine. The 
upper display is the "SPEC.PANEL", while the 
bottom lines are a list of "Cor+IAND 
PARAMETERS", obtained from the preliminary 
specifications. 

Once the minimum parameters have been 
selected, the designer has to enter only the 
"PFMPRES" command to synthesize all possible 
array configurations and antenna types that 
match the specifications. 

The usefulness of the CAD program extends 
beyond the basic tower/array design function. 
There are powerful diagnostic tools built into 
the program, which allow the designer to 
investigate the effects of certain components. 
For example, the designer can probe Front/Back 
ratio conditions while switching from Yagis to 
Log-Periodics, or from a horizontally stacked, 
phased-array configuration to the vertical 
stagger stacking approach. 

ARRAY SYNTHESIS SUBROUTINE 

This subroutine of the CAD program focuses 
on one of the array synthesis techniques which 
has proven useful in determining the 
excitations of arrays that are to generate the 
desired radiation patterns. 

To force a deep radiation pattern null 
into the direction of an interference source is 
a common practice in antenna engineering. Less 
frequently analyzed, however, is the protection 
capability of the phased array into a number of 
other directions, namely into the directions of 
the secondary interference sources. 

The radiation pattern of any array is the 
product of the individual antenna pattern, 
multiplied by the ARRAY FACTOR. 

In the simple case of two, horizontally 
stacked antennas, fed by equal amplitude and 
phase currents, the array factor is: 

sin (S sin 6)) 
2 sin(SJ2 st.·n e) 

where S is the electrical spacing between the 
antennas in radians . 

The radiation characteristics of a short 
Yagi antenna can be described by the following 
ec;~uation: 

Y =cos(~ sin o.se? 
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ARRAY FACTOR times VAGI PATTERN ARRAY PATTERN 

FIG.3 

FIG. 3. shows the forming process of the 
radiation pattern. The phased-array was 
designed to create a deep null into 45 ° AZIMUTH, 
the direction of the identified co-channel 
offender, as well as at ll5. 7 ° AZIMUTH, the 
direction of the nearby FM radio station. 

As expected, the array exhibits nulls at 
+/-45° of the main beam, as well as at +j-135°. 

Note the excellent Front/Back ratio of the 
pattern (28.6 dB), not only exactly at 180°, but 
in the wide range of 171° to 189°. 

At 115.7° , which is the direction of the 
secondary (local FM station) interference 
source, the two-bay array is ascertaining 23 dB 
protection. 

The Computer Aided Design provided a fast 
solution and enhanced protection against a 
multitude of interference sources. 

TOWER DESIGN SUBROUTINE 

For the tower design portion of the program 
an iteration algorithm was developed which takes 
into account the following tower geometry 
parameters. 

1. The width and shape of the tower. 

2. The position (height above ground) of the 
guy-wires and star-mounts. 

3. The height, width and vertical separation 
between the antenna crossarms (gates). 

4. The separation between the inner tip of the 
antenna elements and the tower. 

5. The minimum vertical separation between 
adjacent antenna-arrays. 

6. Partial or total blockage caused by 
guy-wires and startmounts. 

7. Minimum clearance between microwave dishes 
and antenna-arrays. 
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The program's interactive data-base 
manager provides a flexible means of 
manipulating and examining very large amounts 
of input data. The data-base manager also lets 
the designer create, delete and revise critical 
parameters, provided that the revisions do not 
alter excessively the number of radiating 
elements, the size of the array or the 
antenna-gate configuration. For example, one 
may change the size of the side-mounted gate 
from 14'x4' to 20'x4', but not to a V-GATE 
configuration with 10'x4' side arms. 

When the computer program requires more 
information to continue a routine, it will 
prompt the operator a new table on the screen 
that must be edited and completed. These 
tables contain default warnings on tower/array 
configurations, in order to prevent the 
designer from wasting time with unacceptable 
architectural formations. 

Once the designer is satisfied with the 
results, the program automatically recomputes 
antenna gains, array factors, radiation pattern 
nulls and beamwidths, as well as the critical 
horizontal/vertical clearances, and reopens the 
program options for a printout record or 
canceling the data, making additional changes 
or exiting the program. 

DRAWING ERRORS, DRAWING MODIFICATIONS 

The computer generates error-free 
drawings. It shows the tower and antenna-array 
layouts exactly as they were designed. 

Not only is the time required for a 
complete printout (drawing) many-many times 
shorter than the customary manual drafting, but 
any later modifications or changes, provided 
these were properly fed into the program, will 
produce precise and instant new printouts. 

Since there is no human element introduced 
into the drafting process, there is little room 
for human mistakes. The customary checking and 
double-checking of the drafted product has been 
also eliminated, representing an additional 
savings in time and costs. 



A DESIGN EXAMPLE 

400' GUYED CATV ANTENNA TOWER 

FOR HERSHEY, PA. 

STARMUNT AT 380' 

CHl7 AT 365'. 

CH\,18 AT 325'. 

Cl1t0. 
lD' X 1.,1' GATE AT 285'. 

PHILADELPHIA fl1. 

SALT I I'IOFIE/WASH I NGTON. 
fM FIT 200'. 

CHI3. 
!0' ;r; 1,1' GATE AT 150'. 

CH2. 

CH.21. 
lD' X 1,1' GATE AT 70'. 

CH27 l CH33. 

UHF-VHF SEAfiC/'1 
ON HAM-M ROTOR. 

CH5 AT 390' 

CH29 AT 345' 

GUT AT 310' 

CHI! AT 285' 

CH6 AT 250'. 
GUT AT 21.,10' 

CH3 AT 215'. 

GUT AT lBO', 

GUT AT 120' 

CHB. 
10' X 1.,1' GATE AT 90' 
CH15 o\ CH\,13. 

GUT AT SO'. 

CHS. WAC. WASHINGTON. IND. - OfFSET 

92.85 M[, l91L D AZIMUTH ANGLE 

RRRFH PHASED fOR CO-CHANNEL PROTECT I ON 

AGAINST CHS. NEW TOR~. 11414.68 I"J[. 

USE ~ PCS OF LINOSRT HODEL 9RT-5 TAG!S. 

CH!7, WPHL. PHILADELPHIA, IND 

76.73 H[. 100.8 Al!HUTH ANGLE 

H•SI.,I. 14~ 

ARRAY PHASED FOR PROTECTION 

AGAINST LOCAL CHIS. LANCASTER. tO. 7 rn. 
US£ 2 PCS Of JERROLD II' PARASOL [ C 0 I SH€S. 

CH29, WTRf, PH !LROELPH I A, I NO 

76.80 Hf. 100.9 AZ!11UTH ANGLE 

H•S7. 2s· 
ARRAY PHASED FOR PROTECTION AGAINST 

ADJACENT CHANNEL 26. WILKES-BARR[. 76 I'll. 

USE 2 PCS OF JEAAOLD 1.,1' PARABOLIC DISHES. 

CH~B, WI<BS, PH [LADELPH IR, [NO 

76.58 HI. 100.8 RZIHUTH ANGLE 

H•83.:P 

RRRRT PH.c:!SfO FOR PROTECT l ON .C:.GA f NST 

AOJRC[JoiT CliAHNEL 't9, fliED LION. 22.9 MI. 

USE 2 PCS OF JERROLD 6' PAAI=IBOL I C 0 l SHES. 

I 

t 

BFIL T !MOFIE/PIASH!NGTDN FM ARRRT 

63.92 HI. 

V•\20• 

186 AZ 111UTH ANGLE 

VERT !CAL SPACING CRLCULATED FOR 11AXIMU'1 GAl'> 

USE 2 PCS OF LINDSAY MODEL 1 DRT-F/'1 TAG IS. 

CHID. WCAU, PHILADELPHIA. CBS. 0 OFFSET 

76.88 Ml \00.7 AZIMUTH ANGLE 

ARMY PHASED FOR Cl'l-CHANNEL PROTECT ION 

AGAINST Al Tl'lONA, PA. 95.87 Ml 

USE 1.,1 PCS Of LCNOSAT f'IOOH l2AT-\0 rAG!S. 

CHI L WBAL. BALTCHORE. NBC. - OffSET 

63.99 MI. 

H•S\.6" 

179.3 AZIMUTH RNGLE 

v-sa· 
ARRRT PHASED FOR CO-CHANNEL PROTECT !ON 

AGAINST CH\l. NEW TOR~ l ~1,1. 68 11 [. 

USE 1.1 PCS OF LINOSAT MODEL l2RT-ll TRG!S 

PHILADELPHIA FH AARAT 

77 111. 

'1•120" 
\00.8 AZIMUTH ANGLE 

USE 2 PCS Of Ll NOSAr MODEL l DRT-FM TRGI 5 

CH5, WPVl, PHILAOELPHlA. /NO 

76.67 MI. 100.7 AZIMUTH ANGLE 

H•2l3~ 

APPLT VERTICAL STAGGER STAC:~ING FOR PROTECTION 

AGAINST JOHNSTOWN. PA. 122.27 111. 

USE 1.,1 PCS Of U~OSAT MODEL 9FH-G TAG!S. 

CH3. KTW, PHILADELPHIA. NBC 

76.59 MI. 

H•251 ~ 

100. B AZIMUTH ANGLE 

ARRAY PHASED fOR PROTECTION AGAINST 

CH3, CLEARFIELD. PA. 1 tO. 21 I'll. 

USE 2 PCS OF LINDSAY HODEL 91.,16-3 'fAGIS. 
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