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Abstract 

i The procedure for ali"g’ning Data Colqleétion Platform 
(DCP) antennas in the Geostationary Operational Environ? 
mental Satellite (GOES) System is presented. A method is 
given for determining (a) the angle of elevation and (b) the 
azimuth or bearing, to which an a‘nt‘e‘nn‘a ’rn'u‘st be set. to , 

bring its i_n line with a. s‘a'.tje|I|it.e-; Two. det_a.i’|ed methods. one 
using a compass and the other a watch, are pr,e_s_e,nted for 
setting an antenna on the predetermined bearing. 

Résumé 

Le présent rapport décrit la procédure de visée 
u‘_t_ieI'isée pour orijenteevri |'es a'nten'_ries de la plate-ferrne d"entrée 
des données dans le réseau du Sate_l_Iite géost_ation_n_a_ire 

opérationnel de Venvironnement (GOES). ll traite d'une 
méthode qui sert 5 déterminerz. (a) le pointage en hauteur et 
(bl lei pointage en direction (a2i.rnuta.|l. bduriiviser |’a.n.tejr'1rie 
sur le satellite. Enfin, deux méthodes détaillées, |’une 
utilisant une boussole, |’autre une’ montre, sont fournies 
‘pour oriéntér une antenna dans la d'irect'i6n prédétmninée.



Practical Methods of Aiming Antennas at 
Geos‘t‘ationa‘ry Satellites 

l.A.-Reid 

INTRODUCTION 
The Geostationary Operational Environmental Satel- 

lite (GOES) System, operated since 1975 by the National 
'l3:nvijr'o_r_i;ine‘,n_t;ajl s;ate'llit_e Service (NESS) of” the United 
States Department of Commerce, is essenti_ally a_ data relay 
network which uses equatorial orbiting satellites to retrans- 
rnit data trorh data-gathering devices on the ground; the 
data are. retransmitted bv the sat.el.lite.s to a c_ent.ra.| rec.eivin9 
station, processed and made available by land line to users.’ 
The. data-gathering devices at which data are collected and 
t.r..a,n.smit.ted to the s.a.t.e|,|ite_s are known as Date Co|,lectio.n_ 

_ 

Platforms (DCP’s). 

Figure 1 is a diagram s'.h.owi.ng the p.r.i.n.c.ipa| com-- 
ponents of the GOES System. O 

Many tliffe[ren.t: data parameters can be s.en..si.ed and 
relayed by the satellites. The more important of these 
from the hydrometric and hydrometeorological point-of- 
view are water level and water velocity, pre's‘enc‘e' or absence 
of river ice cover, water content’ of snow, preci'pitation, air 
teni’peratu're, wind speed and dtirectiioan, rela_tiv_e humidity" 
and at_m_9§pher.i¢ p..res;sure;- water quali.t.v parameters such. as 
wa_ter temperature, p_H, dissolved Oxygen, conductivity and 
turbidity are also sensed and relayed to the receiving station. 

The system has demonstrated its effectiveness as a 
means of gathering and dis_semi.na.ti.ng environmental data 
of all kinds on a continuous operational basis and with 
m,in_imu_m delay; for Inland Waters Directorate the system 
has enormous potential. ' 

Major users‘ of data may, with the permgisstioxn of 
NESS, establish their own receive statioansv which Permit 
them to r_egei,ve ,ret_ra_n,s_r_nitte_d data directly from the 
satellite‘. One such station, serving Canadian needs, is 

operated by the Canada Centre for Remote sensing, De- 
partrnejnjtt of Energy, Mines and Resources at Prince Albert, 
Saskatchewan.

V 

‘ GOES SATELLITES 
The satelyllites. used in the GOES system are geosta- 

tionary satellites, i.e., their orbital path and speed match 

the speed of the earth's rotation so that the positions of the 
satellites relative to any point on the‘ earthfs surface are 
coinsta.nt.. With respect to the earth. they are s..t_a.ti.o.n.arv.; 

There are three satellites in the system stationed 
above the equator at an altitude of about 35 800 krnI;‘two 
of them are stationed at longitudes of 75° west and 135° 
west respectively, and a third, a standby satellite, at 105° 
west longitude, midway between the two opejretienafil 
sat..e.||it_es,- Each s.a.tel|i.te can receive and retra.nsmit data 
from over 10 000 Data Collection Platforms.

/ 

DATA COLLECTION PLATFORMS 
A DCP is a small trainismitters ¢o’nne¢ted to one or 

more sensors, which transmits data to the satellite. A radio 
transmitter and directional antenna are integral parts of the 
equipment and the unit is~powe’red by solar-charged bat- 
teries. limtalilatyion of a DCP and eontpenents is e reliativeljyi 
simple dl'>e..ration. and experience to date has shown that 
there are few mainte_nanc_e problems. 

DCP ANTENNA A._LlG.N_M.EN,T FOR 
TH_AN.SM,|SSlONS TO SATTEOLLITE7 

The GOES System of data c'o‘l‘Iecti’on is extrernely 
Sbohiisticated. not only in concept but in. the. tech.n.ologv 
whyigh supports‘ it_.; Each-component, from the sensor that 
records a parameter to the satellite that receives and relays 
the information to the processing and distributing centre, 
is -a highly developed product of modern re;seajrch,, Bijt the 
proper functiohiha of the System d,apen.dfs, also to no less 
a degree_ upon a sir__ig|_e, much less sop,his,ti,cated operation. 
This operation_ is the alignment of the DCP's transmitting 
antennya in such a way that the radio’ transmission can be 
picked up by the satellite. If the alignment is not accurate, 
the transmission will be beamed ‘past the satellite and the 
encoded infonnatie‘n_ vvi;ll..l)je los_t. _lt is obvious then that 
accuracy in aligning the DCP antenna is essential if the 
system is to fulfill its design function. 

This report describes one method of determining 
(a) the angle of elevation and (by) the azimuth or b’ea_'_ri_ng, 
to which the antenna must be set to bring it in line with
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Figure 1. GOES data coilection system (fromflalliday, 1975).



the satellite, and two methods, one using a compass and 
the other an ordinary watch, of setting the antenna on the 
predetermined bearing. 

ANGLE OF ELEVATION AND AZIMUTH 

The i_nformation required for determining angle of 
elevation and azimuth is 

(a) latitude and longitude of the DCP, 
(ob) l_atitude and longitude of the satellite, and 
(c) orbital altitude of the satellite. 

Figure 2 is a plot showing the angle of elevation and 
azimuth for aligning a DCP antenna to any geostationa_ry 
(synchronous) satellite positioned directly over the equator. 
The angle of ele'v‘a'tion and azimuth are read against the 
appropriate combination of latitude difference (A latitude) ' 

and longitude difference (A longitude) between the position 
of the DCP: and the position of the satellite. Figure 2 is 

plotted to _ta_l<e into account the satel|ite’s orbital altitude. 
The reference p_9int for the qu_adra_nt, marked on Figure 2 
as "subsatellite point," is a point on the equator directly 
below the satellite. 

DEGREES FROM SUBSATELLITE POINT (A LONQITIDE) 
l0 . 20 30 40 50 60 

e5°sjo°’7s°7o°s5°so°55°5o°45°4o°35°3o°25°2o° 15° lO° 5° 0° 90 so 

70 

To determine the angle of elevation and azimuth, 
the difference in latitude and longitude between th_e position 
of the satellite and the position of the DCP.must first be 
established. The latitude and longitude of the DCP are 
already known to the user. The latitude of the satellite, 
which is stationed directly" above the equator, is 0°. The 
longitude to be used for the satelliteaiming point is calcu- 
lated according to which satellite is being used. There are, as 
previously mentioned, three satellites: the East satellite at 
75° west longitude, the West satellite at 135° west lo_ngit_ude, 
and a standby satellite midway between at 105° west longi- 
tude. The entire range of frequencies used by the system is 
apportioned between the two operational satellites; the 
frequencv (Channel 13) allocated for Canadian operations 
is handled by the East satellite. Should the East s_ateIlite_ 

cease to function, the load would be taken up by the stand- 
by satellite. For this reason, NESS, which ope'r"a"tes the GOES 
System, recommends that antenna alignment be carried out 
by aiming the antenna at a point midway between the 
East satellite and the standby satellite, i.e., at a point directly 
above the equator with a longitude of 90° west. ln the case 
of’ DCP transmitting frequencies ‘assigned to the West 
satellite, the antenna aiming point would be at longitude 
120° west. 
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Figure 2. Azimuth and elevation angles for antenna alignment with equatorial synchronous satellites.



In the following example, the longitude of the satellite 
aiming point is 90° west. This example illustrates the calcula- 
tion for det_'e'rmining A latitude and A longitude:

T 

DCP (Water Survey df Canada DCP No. 15) position: 
46°38’ north latitude 

' ‘ 

60° 57' west longitude 

Satellite aiming point position: 0° latitude 
90° west longitude 

A latitude = 46°38’ — o°oo' = 46°38’ 
A longitude = 9o°oo' — 60°57’ = 29°03’ 

Using these two values, the angle of elevation is 

read directly from the plot as 30°. 

The azimuth, in the context of this exercise, is taken 
to mean the true bearing of the satellite from the DCP, 
measured from true north. The azimuth angle for the 
foregoing example, read off the plot, is 38°. It should, 
however, be pointed out that the plot in "Figure 2 provides 
azimuth angles for quadrant 01 only, that is from due 
north to due east, or 0° to 90°. Azimuth angles for qua- 
drants O2, O3 and 04 must be adjusted to determine the 
azimuth or bearing from true north. The intersect in the 
Quadrant Angle diagram (Fig. 2) is at the DCP position. In 
the example cited above, the satellite aiming point is south 
and west of the DCP; this places the satellite aiming point

' 

in quadrant 03. In the Azimuth Angle Conversion table 
(Fig. 2) the equivalent Q1, azimuth of 38°, is 218° for 
03 (38° +130‘-’). .

- 

The true azimuth or bearing of the satellite aiming 
point from the Data Collection Platform, therefore, is 218°, 
measured from true north, and the angle ‘of elevation is 30°. 

AIMING THE DCP TRANSMITTING ANTENNA 

The angle of elevation and the azimuth angle deter- 
mined above are es's_enti_ally the only‘ two pieces of informa- 
tion required to aim the DCP antenna at the satellite with 
sufficient accuracy to ensure that the information is received 
by the satelliteifor relay'to the data processing station. 

SETTING THE ANGLE OF ELEVATION 

It is a relatively simple matter to set the antenna to 
the required angle of elevation. The newer anten_nas__u_sed' 
with the GOES System are mounted on a frame graduated 
in degrees; all that is necessary is to ensure that the antenna 
support is vertical. If the antenna frame is not graduated, 

an Abney level can be_ used to set the antenna to the 
required angle of elevation (Fig. -3).

~ 

Figure '3._ Abney level. 

SETTING THE AZIMUTH 

Setting the a_ntenna to the proper azirriuth is not 
quite as straightforward a procedure as setting the angle of 
elevation. Two methods are described here; one uses a 

compass a_nd the other, an ordinary watch. 

Compass Method 

In the example used earlier, the bearing of 218° 
between satellite aiming point and DCP is a true bearing, 
i.e., it is referenced to true north. A compass, on the other 
hand, indicates compass north} true north -and ‘compass 
north are rarely the same. 

The true north pole is a geographic point marking 
the north end of the earth's axis of rotatio,n;'the compass 
needle, however, points to the magnetic‘ north pole, which 
is on the northeastern tip of ,§athu'r'st Island in the Canadian 
arctic. The magnetic north pole changes position slightly 
from year to year. Obviously, if the compass method is 

to be used, the true azimuth derived from Fig'u‘re 2 must 
be corrected before a compass can be used to apply the 
azimuth to the antenna setting. 

In calculating the amount of the correction, the two 
distinct elements t_hat make up ‘the diffe'ren'c‘e between true 
and compass bearings must be taken i_nto accoufnti; these 
are (a) deviation and (b) magnetic declination, known also



as magnetic variation. A compass bearing corrected for 
deviation gives a magnetic bearing; a magnetic bearing 
corrected, for declination gives a true bearing. 

Deviation is the angle through which a compass 
needle is deflected by the presence of ore bodies or metallic - 

object's in the immediate vicinity. To eliminate or mini_mize 
deviation, vehicles, moveable metallic ‘equipment and metal 
tools, including pocket knives, should be removed from 
the DCP site. If compass readings taken within a radius 
of 50 m show any significant incon_sis_tency after metallic 
e'q'ui’prne'ntlhas been removed from the site, it can be 
assumed that the compass needle is being affected by some 
local influence such a_s an ore body‘. In these circumstances 
the compass method of aligning _t_he a_ntenna should not be 
used. If there is no significant inconsistency in the readings, 
it can be assumed that there are no local influences affecting 
the needle; deviation therefore can be ignored and compass 
bearings considered to be magnetic bearings. 

Declination is the angle between the magnetic bearing 
indicated on the compass, and the true bearing (Fig. 4). 
Figure 5 is an isogonic chart showing declination for all 

areas of Canada at intervals of 5°. Values for points situated 
between the isogonal lines can be estimated by interpola- 
tion;- alternatively these values may be obtained from an 
isogonic chart_ showing the same information at 1° intervals, 
available from the Department of Energy, Mines and 
Resources, Ottawa. 

It can be seen on Figure 5 that a line of zero declina- 
tion, known as an agonic line, extends south from the 
north magnetic pole along the western edge of Hudson 
Bay and_ the we_stern edge of Lake Michigan. East of the 
agonic line, declinations are westerly, and west of the 
agonic line, declinations are easterly. To apply the declina- 
tions derived from Figure 5, therefore, the following rules 
should be applied: 

(1) If the DCP is situated east of the agonic line, the 
declination is westerly and should be added to 
the true azimuth to obtain the magnetic (or 
compass) bearing. 

(2) If the DCP is situated west of the agonic line, t_he 
declination is easterly and should be subtracted 
from the true azimuth to obtain the magnetic 
(or compass) bearing. 

in the example previously cited, the true azimuth was 
found to be 218°. The DCP in this example, DCP No. 15 in 
Figure 5, is situated on Cape Breton Island at 46°38’ north 
latitude and 60°57’ west longitude. The declination at this 
position, as interpolated from Figure 5, is 24°W. This 

declination is added to the true azimuth of 218° to obtain 
a magnetic or compass azimuth of 242° [see rule (1) above]. 

In the case of DCP No. 15, the‘ antenna would be set 
to an angle of elevation of 30°, and aligned with the satel- 
lite aiming point by rotating the antenna to a compass 
bea_ring of 242°. 

On most gojod compasses, the north point of the 
needle is clearly marked. If it is not clearly marked, the 
south point can usually be identified by the presence of 
some form of counterweight between the pivot and the 
south-pointing tip. This counterweight often’ takes the 
form of a piece of wire wound around the south portion 
of the needle, and is used to hold the needle horiiontal 
against the down pull exerted on the north portion of the 
needle by‘ the north magnetic pole.

I 

Watch Method 

If a compass is not readily available or if the DCP 
is situated in a highly mineralizedarea where local rnagnetic 
attraction causes significant deviation of the compass 
needle, the DCP antenna can be aligned with the satellite 
aiming point by mea_ns of a_n ordinary dial-faced watch, 
using the position of the sun at any time between sunrise 
and sunset. The watch should be accurate to within 2 mi_n 
and should be set to standard time for the particular time 
zone. * 

For geographical reference purposes, the earth's 
surface is divided (in a north-south direction by lines of 
latitude referenced to the equator (the line of zero latitude), 
and in a_n east-west direction by lines of longitude, or 
meridians of longitude, referenced to the Principal Meridian 
which passes from the north geographic pole to the south 
geographic pole through Greenwich Observatory near 
London, England. The Principal Meridian is the lin_e of zero 
longitude. 

The earth rotates on its axis through one complete 
revolution, or 360°, once in every 24* h. Each time zone of 
1 h, therefore, represents 15° of longitude on the earth's 
surface (Fig. 6). Greenwich Mean Time, the standard time 
reference, is the time in a 15° band of longitude extending 

‘ 

from 7 1/2° west of the Principal Meridian to 7 1/2° east of 
the Principal Meridian. As the earth rotates in a co_unterclock- 
wise direction, viewed from above the north g‘e'og’ra'phic 

pole, times west of the Principal Meridian are calculated 
by subtracting at the rate of 1 h from Greenwich Mean 
Time for every 15° of longitude. Times east are calculated 
by adding to Greenwich Mean Time. The rnjid-|in_e_ of 
longitude for each time zone is known as the standard
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r'ne'ridia‘n for that zone, and for practical purposes the sun 
i_s a/s_s,u_med to be directl'y above the ‘standard meridian in 

each time zone at 12 o’clock- noon. 

_ 

Determining True North for Wa't'ch 

The following examples cover the range of combina- 
tions of DCP positions and 't_i_rnes of day. 

(a) DCP situated on standard meridian, time at noon- 
Lay -the watch flat on a horizontal ‘surface; hold a 

straight pin, toothpi_cl<- or similar object» in a vertical 
position on the rim of the watch dial directly opposite 
the .hour hand (12 o'clock position), and rotate the 
watch ‘until the shadow cast by the pin falls exactly 
along the hour hagnd; the projection of the pin’s 

shadow to the other side of the dial indi'ca‘tes true 
north (Fig. 7a). To align the DCP antenna, for station 
No. 20 (lat. 49°57’ north, long. 12‘1°52’ west) for 
example,‘ consider the watch dial as a compass with 

(b) 

. 
. 0 

each hour division equivalent to 30° ’).~'The 

azimuth _for station _No._. 20,- deteriniined from Figure 2, 
is 141° (true). This a_zi_m_uth, or its:7equ_iva_|ent—4 2/3 h, 

- is set off on the dial in a clockwise di_rectio_n from north 
and the DCP antenna pointed in the direction indicated. 

DCP not situated on the standard meridian, time at or 
near njoan=i=‘o'r‘ exerhfple, to déterrni'ne north at -the 
site of station No. 33,- sgituated in’ the central‘ Time 
zone at 49°52’ north latitude and 97°24’ west longi- 
tude, the same general procedure is followed, but the_ 
distance ‘of the DCP from the standard meridian must 
be taken into account. The standard mericlian for the 
Central Tirne zone is at 90° west longitude. The earth 
rotates from west to 'e_a_st at a "rate of 1° in ‘every 

4 min. The sun is directly above the standard meridian 
at noon; it will therefore be ‘directly above the 97th 
mer.id.ian at 12-::28.A At 1.2=.28.repea.t. the procediure 

Figure 6. Time zone diagram. The Principal Meridian runs through Greenwich 0bseIV3_t0.fY 
in England. Adjustment to Greenwich Mean Time to obtiih local standard_ 
time is shown in hours along the equator; adjustment-changes at the rate of 
1 h for every 15° of longitude. The extension of the Meridian on the 
other side of the globe is'k'nown as the Internatiomil Date Line. Along this 
line the adjustment jumps from +12 h to -12 h. Travellers crossing the Inter-' 
national Date Line westbound lose one whole day; travellers QIO_SS_i1lg east- 

bound gain one whole day.
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=—>SATELL|TE 

Figuirc 7. Determ:injng tr_u_e north by means of a watch dial and the position of the sun. (21) DCP on standard meridian, time at 
noon’: (b) DCP not on standard m'eri_clij4n. time at or near noon: (c) DCP on stand:_r_r_;j any time of day; 
(d) DCP west of standard meridian. any time of day ;‘ (e) DCP east of standzird meridian. any time of day.



(c) 

(ed) 

10 

described in (a) ab_ove, but place the pin on the rim of 
the watch dial directly opposite the hour hand and 
rotate the watch until the shadow of the pin falls 

along the hour hand. The projection of the shadow to 
the oppo_site side of the dial indicates north (Fig. 7b). . 

"The azimuth for station No. 33 is 170° (true).vSett_ing 
this off from the north point (clockwise), the direction 
of the satellite aiming point is slightly clockwise from 
the 12 o’c|.oe.k noon iJjo.in.t on the watch diail as shown 
on Figure 7b. If the DCP was situated east of the 
standard m‘eridia‘n for the time zone, the procedure 
for determining unorth would becarried out between 
11:30 and noon, depending upon the longitude of 
the DCP. ~

I 

DCP situated on standard meridian, any time of 
day-‘Using station No. 29 (lat. 63°36’ north, long. 
105909’ west) as an example, and assuming a time of 
15:40, to determuinge true north, set the pin on the rim 
of the dial directly opposite the hour hand and rotate 
the ‘watch until theshadow falls along the hour hand 
(Fig, 7c). South is midway between the position of 
the hour hand and the 12 o'clock position ('mea'sured 
clockwise from the hour hand for ti_r,n,e_s between 
sunrise and noon and counterclockwise for times 
between noon-and sunset). As the time in the example 
is 16:40, south is midway between the hour hand 
position and the 12 o'clock position, measured 
counterclackwisefrom th_e_ hour hand. The azimuth 
for station No. 29 is 163° (or the equiva|_ent S h 26 min 
on the watch dial, measured from north).

' 

DCP west of standard meridian, any time of day- 
Using station No. 19 (lat.-62°29"north, long. 123°26’ 
west) as an example, and assuming the time to be 
8:00, follow the procedure for (c) above, bisecting 
the angle between the hour hand position (8 o'clock) 
and the 12 o'clock position. The midpoint (clockwise 
from 8:00) would indicate due south if the DCP was 
on the ‘standard meridian for the Pacific Time zone 
(120° west '|ongit_ude);. In this exafnple, however,,the 
DCP is 3° 26' west of the standard rrier.id'ia‘n, and a cor- 
rection equal to thedifference in longitude between the 
standard meridian and the D.CP position, in this case 
3°26’ or 31/2°, should be applied. As the DCP is 
west of the standard meridian, the correction is 

positive and should. be a.pp.|_ied in. a clockwise d.i.recti.on 
from the mid-line (Fig. 7d). The azimuth for station 
No. 19 is 143°. This is laid off from north (corrected), 
which‘ is the extarisjioh on the o‘p'pos’ite' side‘ of the 
dial from south ’(corr_ecte_d). 

_(e) DCP east of standard meridian, any time of day- 
/ Using station No. 16' (lat. 47° 12' north, long. 68757’ 
west) as an example, and assuming the time to be 
16:30, follow the procedure for (c) and (d) above, 
.bi.sectin9 the angle between the 16:30 pesivtien ojftlhel 
hour hand and th_e 12 o'clock position (counterclock- 
wise) from 16:30. The midpoint would indicate south 
if the DCP ’p'os'iti'6n was on the standard meridian for 
the Eastern. Time zone (759 west. |..<jm9it.ude)... In‘. t_h1iisi 

example, however, the DC? is 6°03‘ east of the 
standard meridian, and a correction equal to the 
difference in longitude between the standard merid 
ian and the DCP pos.itio.n ..s.hou.|d be ai‘:ii.|.ied.— 

the DCP,‘ is east of the standard meridian, the correc- 
tion is negative and should "be applied in a counter- 
c|.oc.kwis.e direction from the ii1.idb9in.t(Fig. 7e)». The 
azimuth for station No. 16 is 208°; this is |_aid off 
from north (corrected). - 
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