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THE PHASE COMPARISON LOCALIZER

SUMMAERY

This report cavers the development of
the phase comparison localizer, first tested
1 August, 1945, at the CAA Technical De-
velopment and Evaluation Center, Indiana-
polis, Indiana In this system, the differ-
ence in phase between twa voltages of the
same frequency i1s measured rather than the
difference in amplitude between two voltages
of different frequencies as in the equisignal
localizer The phase comparison system for
localizers operaties on a principle similar to
thatof the omniranpge and uses identical trans-
mitting equipment The same recelver 1s
used for receptionof both the phase compari-
sonlocalizer and the VHF omnirange Stability
of course-width and position 1s assured by
taking energy for both the carrier loops and
sideband loops from the plate circuit of the
power amplifier stage Flight tests indicate
that the courses of the localizer are clearly
defined and sharp Clearance 15 excellent at
allbearings from the localizer on either side
cf the two courses

INTRODUCTION

In 1938, the fi1rst instrument landing
system was installed at Indianapolis, Indiana
One of the essential components of the in-
strument landing system (ILS) 1s the local-
1zer which provides lateral guidance for an
aircraft approaching a runway Present
localizers, of which there are now approxi-
mately 100 installations in the United States
and about 40 1n other parts of the warld, are
of the familiar equisignal, or amplitude com-
parison, type

After a careful study of the phase com-
parison principles used i1n the omnirange,
and early in the developrment of the range, 1t
was decided by the Office of Technical De-
velopment that the same principles maght be
appliedto the II.S localizer and certain advan-
tages gained thereby These are, (1) use of
a common Tecelver for both VHF omnirange
and [L.S localizer navigation, eliminating the
need for a 90 - 150 cps filter-rectifier unit,

and {2} simplification of transmitting equip-
ment by using essentially the same compeo-~
nents and requiring the same type of mainte-
nance as 1n the amnirange

The purpose of this reportis to describe
the phase comparison localizer and to point
out some of 1ts advantages over the equi-
signal type

THE EQUISIGNAL LOCALIZER

Before proceeding with a discussion of
the phase comparison localizer, we shall re-
view briefly the operation of the 90 - 150 cps
equisignal localizer presently 1n use

In the equisignal localizer, the course
1s defined by the intersection of two highly
dirtective overlapping field patierns The
overlapping, or equisignal wone, 1s aligned
with the Tunway Referring to Fig 1, the
CAA localizer antenna consists of a broad-
side array of eight loops, the two central
loops, CL. and CR, radiate carrier signals
modulated at both 90 and 150 c¢ps (and inc1-
dentally at 1,020 cps and voice for station
identification) The remaiming six loops, 15L.,
2SL, 35L, 1SR, 2SR, and 3SR, radiate 90 and
150 cps sideband signals only.

The radiated field patterns of (A) the
carrier loops, (B) the sideband loops, and (C)
the resultant pattern are 1llustrated in Figs
2A,2B,and 2C It will be noted, F1g 2B, that
the radiation from the sideband loops 1s zero
along the line of the course, and that the 90
and 150 cps major lobes of the sideband antenna
pattern are opposite in phase with respect to
each other Phase relationship between the
sidebands from the two groups of antennas is
suchthatl50-cps energy predominates on the
right when facing the antenna system from
the runway The relative sideband currents
1n the four pai1rs of sideband antennas are
indicated in Fag 1

The received signals are detected in a
superheterodyne receiver shown diagram-
maticallyinFig 3 The 90 and 150 cps com-~-
ponents of the received signal are separated
by means of bandpass filters The cutputs of
the filters are rectified and the difference in
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Fig, 1 Standard CAA Localizer Antenna Array

voltage 15 1ndicated on a zero-cenier instru-
ment

THE PHASE COMFPARISON LOCALIZER

To convert the equisignal localizer to
phase comparison operation, 1t 1s necessary
to radiate an essentially non-directive modu-
lated carrier from the carrier loops CL and
CR, Fig 2A This comprises the "reference
phase' signal since 1t1s radiated without
phase change due to directionof transmaission
The "variable phase' signal 15 comprised of
sideband enerpy only, radiated from the side-
band loops, Fig 2B,
and sidebands combine to produce a modu-
lated signal, the modulation frequency com-
ponents of whichareineither 0°or 180° phase

In space, the carrier

lFor a more thorough description of
the localizer, the reader 1s referred to '"The
CAA Instrument Landing System,'" by P
Caporale, published in "Electronics' Feb-
ruary and March, 1945

with respect to each other, by virtue of the
inherent 180° phase displacement between
the two major lobes of the sideband field
pattern, F1ig 2C The localizer course 15 de-
fined and fixed by the null of the sideband
space pattern along the line of phase change
from 0°® to 180° The same antenna array
may be used for either the equisignal or phase
comparison localizer With a given antenna
assembly, the pattern shapes are the same
for both localizers

Inorder that the reference and variable
phase sipnals may be conveniently separated
in the recei1ver without cross-modulation
between these two channels, the reference
phase voltage 15 superimposedona subcarrier
of 10 ke by frequency modulation The fre-
quency modulated subecarrier in turn modulates
the rf carrier radiated by the carrier loops

Fig 4A 15 ablockdiagram of the equisig-
nallocalizer equipmeni, and F1g 4B1s a block
diagram of the firstphase comparison localizer
converted from equisignal operaton at the Tech-
nxal Development and Evaluaton Center in Ang-
ust, 1945 Ttwillbe observedthatthe 90 - 150
cns motor-alternator set, Fig 4A, was dis-
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Fig 3 Equsignal Localizer Receiver

connected and that the hybrid unit {(no longer
necessary as such)served as a power trans-
former A 10 kc FM subcarrier penerator
was added The modulating voltage at 60 cps
was derived from the commercial power
mains The frequency deviation ratio was
set at eight and the subcarrier level was ad-
Justed to modulite the rf carrier at approxi-
mately 30 per cent The voice modulation
level also was set to an average value of 30
per cent The entire process of conversion
was accomplishe d 1n a little over one hour
For recepton,a Type RC~103 receiver,
with certain modifications, was used The
receiver modifications consisted of removing
the 90 - 150 cps bandpass filters and rectafiers,
substituting a 10 ke FM demodulator and 1in-
stalling & wattme er indicator circuit
Referring toF1g 5, theindicator circuit
operates as follows When the receiver 1s
located to the left of the course, position A,
the voltage across rectifier X| 1s equal to the

sum of Ev and Er Hence, I| 1s greater than

I,, and the 1nstrument pointer deflectis to the
right When the receiver 1s on the right side
of the course, position B, I1 15 less than 12_
since the voltage across rectifier X; now s
the difference between Ev and Er, and the
instrument pointer deflects to the lelt When
the receiver 15 on course, position C, Er 1s
zero and I 1s equal to I The voltages ap-
pearing across the rectiliers are equal and
opposite, hence the resultant current through
the indicating tnstrument 15 zero and the
pointer indicates ''on course "

The receiving equipment was installed
in airplane NC-11, a Boeing 247D, and con-
nected to a tail V receiving antenna In this
form, the new type localizer was first demon-
strated to the delegates of PICAQO (Provisional
International C1vil Aviation Organization),
during the CAA demonstrations of radio aids
to air navigation in October, 1946

Soon after the PICAO demonstrations,
the modulation {frequency of the omnirange
and phase comparison localizer was changed
from 60-cps to 30-cps in order to minimize
the effects ofpropeller modulation? on the
airborne equipment A further simplifica-
tionofthe pround equipment was made at this
time Theelectronic sideband generator was
replaced by a 30-cps capacity type gonlometer
of the type used in the omnirange The hy-
brid unit, which had merely been used as a
transformer to supply 60-cps voltage to the
screens and plates of the tubes used in the
sideband generator, was no longer needed and
was discarded

A synchronous motor was used to drive
the goniometer which was mounted on a shaft
commeon to the motor, goniometer, and a fre-
quency modulated tone wheel The mean fre-
quency of the tone wheel was 9,960 -cps, modu-
lated plus and minus 480-cps at a modulation
frequency of 30-cps The frequency modu-
lated tone wheel was used to replace the 60-
cps frequency modulatedoscallator previously
used

When the goniometer was fairstinstalled,
input power was derived from the plate cir-

2H C Hurley, S R Anderson and
H F Xeary, "The CAA VHF Omnirange,"
Technical Development Report No 113, June
1950

See footnote 2
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Fig. 5 Operation of Indicator Circuit, Combined Omnirange and
Phase Comparison Localizer Recelver

cuitof the power amplifier driver stage of the course~sensing, due to improper adjustment
transmitter L.ater tests showed this method of tuning controls or failure of a transmaiting
of obtaining rf power to be unsatisfactory tube, are definite possibilities when the goni-

Course-width variations and reversals of ometer 15 excited with rf energy taken from



RECORDING WHILE CIRCLING STATION AT A SIX MILE RADIUS, 1,000 FEET ABOVE THE GROUND
AT 150 7O 160 MPH TAIL V RECELVING ANTENNA USED ON DG 3 AIRCRAFT, NG 182, JAN 21,1949

RECORDING OF LOW APPROACH TO STATION

Fig & Recording of Fhight Test of Phase Comparison Localizer
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Localizer

either the plate circuit of the driver stage or
the grid circuit of the power amplhifier stage
of the transmaitter These possibilities may
be avoided by taking rf energy for the goni-
ometer from the plate circuit of the power
amplifier stage When this method of sup-
plying ener gy to the gonmometer 1s used, a
means of removing the modulation from this
energy must be provided Thisi1saccomplished
by using a modulation eliminator simalar to
that provided in the omn1range4

TEST RESULTS

A recording, reproduced 1n F1p 6, was
made with the components of the ground sta-
tion of the phase comparison localizer
arranged as shown in¥ig 7 The receiving
equipment shown diagrammatically 1n F1g 8,
was designed for reception of both the omni-

d5ce footnote 2
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range and the phase comparison localizer
In making the aforementioned recording, the
airplane circled the station at a distance of
tenmailes and atanaltatude of 1,000 feet above
ground It will be noted that the change 1n
direction of deflection of the crosspointer
meter was smoothas the aircraft flew across
the two courses, moreover, atno pointi on
either side of the courses was the deflection
of the crosspointer meter less than full scale
This indicates that the clearance was excellent
in all directions from the station It should
be mentioned thatthe equisignal type localizer,
formerlyinstalled at the same site and using
the same antenna system, gave clearance
values about 20 per cent lower i1n any given
direction f rom the station when adjusted to
Exhaustive
flight tests over a period of nearly four years
have shown the course 1s exceptionally straight
and easy to fly

A chartof course deviation based on
readings taken at irregular intervals over a
period of six months 1s shown 1in Fig 9 The
known wide limits between which modulation

the mormal course-width of 3°
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percentages and powe r output of the trans-
mitter varied are not reflected i1n the chart
OnJanuary 25, 1949, power to the monitor was
interrupted for 16 hours The large deviation
of course position indicated for January 26
15 probably erroneous because only a short
time was allowed for the momitor to stabilize
before meter readings were recorded The
monitor with which the data in Fig 9 was
obtained had formerly been used at one of the
VHF omniranpge sites The pick-up head of
the monitor was placed on-course Controls
were then adjusted so that a deviation of one-
quarter degree 1n either direction of the
course position would cause full scale deflec-
tion of the indicating meter

CONCLUSIONS

Although the first considerationin
developing the phase comparison localizer
was to complement the omnirange and to
simplify recei1vinyg equipment, a localizer
superior to the equisignal type 1n several re-
spects was developed

Because the course established by the
phase comparison localizer 15 determined by
the null of the antenna space pattern, variations
inmodulation amplitude do not alter 1ts posi-
tion In the case of the equisignal localizer,
the relative amplitudes of the 90 and 150 cps
modulating veltages directly affect the course
position Variations inamplitude of either of
the two modulating voltages will cause an
appreciable shift in the course, likewise, any

unbalance due to changes 1n characteristics of
the 90 - 150 ¢ps bandpass filters and the
rectifiers used 1n the receiving equipment
will cause an apparent shift of the localizer
course Hence, the phase comparison local-
izer 15 lnherently more stable than the equi-
signal localizer

An outstanding advantage of the phase
comparison localize r lies 1n the simplhfi-
cation of the receiver
may be used for both omnirange and localizer
facilaities Further, the elimination of the
balanced 90 - 150 ¢ps f1lters results ina
lower cost receiver and a reduction of about
5 1bs in weight

Tests have shown that the quality of
voice transmission from the phase compari-
son localizer 15 greatly superior to that
from an equisignal localizer The 9,960-cps
FM modulation of the carrier and the 30-cps
sideband energy are present in only a small
quantity in the af channel of the receiver,
whereas the 90 and 150 ¢ps modulation, to-
gether with the sum and difference frequencies,
add materially to the background noise when
recelving volce from an equisignal localizer
This effeect i1s particularly noticeable when
flying more than 5 ° to either side of the course

Of considerable significance 1s the fact
that the transmitting egquipment of the phase
comparison localizer 1s common and inter-
changeable with that of the omnirange which
sumplifies procurement and maintenance of
the facilities

The same receiver
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