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EVALUATION OF 100-CHANNEL DISTANCE MEASURING EQUIPMENT

SUMMARY

This reportdescribes a series of tests,
engineering and operatwonal, performed on
early model 100-channel distance measuring
equipments (DME) These tests were per-
formed for the purpose of evaluating the new
techniques required for expansion of the
earlier 50-channel system 1nto a 100-channel
systemm The specific purpose and the results
of each test are evaluated in the light of 100-
channel DME requirements As a result of
these tests 1t 1s concluded that the proposed
100-channel DME system 1s based on sound
engneering principles and 15 compatible with
the most stringent operational requirements

INTRODUCTION

Cquipmentto be employed for the auto-
matic measurement and display of distance
in aircrafthas been under development since
late in 1945 Development of distance meas-
uring equipment (DME) progressed rapidly
and by the fall of 1948 was sufficiently ad-
vanced so that production coniracts could be
placed The equipments i1n existence at that
time provided for the selection of any of 50
independent and noninterfering operating chan-
nels At that time there were two different
methods 1n use for providing this channeling
capacity, one designed around the techmique
of high-stability transmissions and narrow-
band receiwvers, and the other designed upon
the principle of pulse-multiplex ! Exten-
sive tests conducted under the auspices of
Subcommttee SC-40 of the Radio Technical
Commuission for Aeronaufics led to the con-
clusion that both of these techniques repre-
sented a practical means of DME channeling
About this time, a re-examination of future
air traffic control and navigation require-
ments resulted in a change of the number of
DME channels required from 50 to 100 By
combining both the pulse-multiplex and high-
stability techniques into the same equipment,

15C-40 report, RTCA Paper 121-48/DO-
24, December 15, 1948

1t 1s possible to obtain 100 channels and actually
reduce the total frequency spectrum previously
occupied by eirther of the 50-channel systems 2
A total band of 225 Mc was employed by both
types of 50-channel systems, whereas the
total spectrum required by the 100-channel
system amounts to only 55 Mc

On theoretical grounds, implementa-
tion of the 100-channel system, using only
tested techniques (techniques employed 1n
etther or both of the 50-channel systems)
presenta noproblems Pastexperience, how-
ever, has indicated that unti1l equipment meet-
ing specific requirements has actually been
built and operationally tested, 1ti1s sometimes
difficult to predict performance with accuracy
For this reason, the placement of contracts
for 100-channel equipment on a production
basis was delayed until several developmental
models became available It was believed
thatsatisfactory performance of such models
under conditions which are to be encountered
by future production equipment would be an
excellent criterion of the soundness of 100-
channel principles Equipment manufacturers
were urged to expedite delivery of 100-channel
developmental models (both transpondors
and mterrogators) and simultaneously the Givil
Aeronaufics Admumistration initiated a pro-
Ject for combining two of the 50-channel in-
terrogators (one pulse-muliiplex and one high-
stability type) in such a manner as to check
various 100~channel characteristics Inaddi-
tion to laboratory tests of 100-channel equip-
ment, 1t was deemed essential to periorm
flight tests of the equipment under conditions
of traffic density equivalent to that predicted
for the foreseeable future

Si1nce the distance measuring equip-
ment, being an integral part of the Common
A1r Navigation and Traffic Conirol Sysiem
defined by SC-31 of the RTCA and now being
developed under the direction of the Air Navi-

2R C Borden, C C Trout, and E
C Williams, "UHF Distance Measuring
Equipment for Ai1r Nawvigation," Technical
Development Report No 114, dated June
1950



gation Development Board, 1s a facility to be
used by military as well as civil aircraft, a
commuilttee embracing both civil and military
members was set up to direct the 100-channel
DME evaluation program This committee
met on September 15, 1949, at the Technical
Development and Evaluation Center to discuss
the various aspects of the test program
The test program was divided 1nto four
Phases
Phasel Testsofthe CAA combinedpulse-
multiplex high-stability 50-channel umts
Phase Il Laboratory tests of pre-produc-
tion 100-channel units
Phase 111 Flight tests to determine the
traffic handling capacity of 100-channel equip~-
ment
Phase IV  Laboratory tests to determane
the traffic handling capacity of 100-channel
equipment
Phases I and I consisted of rechecking
equpment characteristics which are common
to both 50- and 100-channel systems, and
particularly the testing of combinations of 50-
channel techmiques reqmired for implementa-
tion of the 100-channel system
Phases Il and IV are constitdered of
major significance inasmuch as they were
set up for the purpose of providing more
realistic justification that the 100-channel
system, as designed, 1s capable of operating
under the high traffic densities which ulti-
mately are anticipated Prior tothe imitiation
of this test program, there was no suitable
laboratory test equipment for determining
traffic handling capacities of such systems
accurately, nor were there a sufficient num-
ber of ground stations geographically located
sothat an operational test could be arranged
Data of the type desired previously were lim-
ited to statistical analyses and to laboratory
tests conducted with equipment not completely
capable of sumulating actual operating con-
ditions Although the data from these two
sources were n reasonable accord, 1t was
believed highly desirable to perform tests
under more realistic conditions If100trans-
pondors wereused 1n a 500-mile square, then
there would be a total of ten transpondors
transmitting on a common frequency, 1 e ,
each transpondor frequency would have to be
repeated ten times It 1s conceiwvable that
each of these transpondors may, at a given
time, be supplying service to as many as 50
airrcraft 1In such cases, all of the trans-

mitted replies will be eligible for reception
by all of the 500 aircraft involved, subject to
line-of-sight propagation restrictions Any
given aircraftwill recewve only one of the ten
transpondors with a proper reply spacing,
but all ten will be recei1ved at the correct
frequency Interlacing of the replies from
the nine umproperly moded transpondors will
result in an appreciable number of artificial
replies having the correct mode being pro-
duced Inthis case, the ability of the aircraft
decoding circuits to sort out the replies of
proper spacing and reject all others is ex-
tremely ymportant Furthermore, the ability
of the searching and tracking circuils of a
particular interrogator to recognize and re-
spond to only those properly moded replfés"
mmitiated by its own transmitter s imperative
Inserting the line-of-sight limitations and a
more realistic picture of traffic distribution,
SC-40 concluded that the ability of the system
to operate properly 1n the face of a loadwng of
20 aircraft for each of the mine .mproperly
moded transpondors, and 50 aircraft for the
properly moded transpondor, would guaran-
tee satisfactory system operation for many
years to come The purpose of Phases III
and IV of this program was o determine
whether or not this ability was inherent 1n
equipment which can be built now

TESTS

Phase I

In order to obtain 100-channel data at
the earliest possible date, the Technical De-
velopment and Evaluation Center immediately
commenced work on an experimental 100-
channel interrogator This unit consisted of
the combnation of a 50-channel interrogator
of pulse-multiplex design with a similar inter-
rogator of high~-stability desi1gn Although
both double-pulse transmissions of unstabilized
character and single-pulse transmissions of
high-stability character had been separately
tested and found satisfactory, the combination
of the high-stability feature with the double-
pulse transmission had not yet been accom-
plished Inorder to assure that such a com-
bination would not unduly complicate the air-
craft transmitter, modulator, or automatic
frequency control system, the double-pulse
modulator was used to operate the highstability
transmitter The circuitryemployed 1s shown
as Fig 1 Operation under this condition
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for a period of time revealed no deleterious
ettects to either the modulator, the trans-
mititer, or the automatic frequency control
The peak output power of the transmutter was
reduced by less than one db with respect to
the peak power obtainable when operated as
a single-pulse transmitter There was no
appreciable difference in the radio frequencies
of the two transmitted pulses This nitial
test effectively duplicated the airborne trans-
mutter prescribed for 100-channel equipment
By using this transmitter to interrogate a
ground transpondor, and by employing a high-
stability narrow-band recewver for reception
of the transpondor reply, a two-way DME
transmission was completed on one of the
radic frequency channels to be employed by
the 100-channel system  The rangwng cir-
cuits of the pulse-multiplex interrogator were
used to complete the 100-channel airborne
umit, the transpondor reply was locked 1n the
gates, and the indicator displayed the cor-
rect distance to the ground station This
earliest and somewhat crude implementation
of 100-channel equipment differed in tech-
nical characteristics from ultimate equip-
ment 1n only two major respects

(1} Pulses of 11/2 i sec duration were
employed rather than the 2 1/2 p sec pulses
prescribed for 100-channel equipment

(2) The longer pulse spacings required
for ten modes were not provided
No attempt was made to modify the
laboratory equipment to meet these require-
meénts 1nasmuch as the first 100-channel de~
velopmental models were received from the
manufacturers at this time

Phase II

Upon delivery of the wnitial protoiype
equipment {both interrogators and transpon-
dors) the system was installed and operated
in aircraft Hazeltine Electronics Corpora-
tion and Federal Telecommunication Labora=-
tories were supphers of the equipment, which
“1s shown as Figs 2 and 3 All equipment
was thoroughly checked No evidence of fail-
ure to meet system characteristics was ob-
served One new technique which previously
had not been tested was the use of the spike-
suppressor circuit to obtain very narrow re-
ceiver bandwidths The earlier 50-channel
pulse-multiplex equipment employed a spike-
suppressor toprovide steep skirts on the re-
celver response curve, but some question was
raised as to whether this ciretit could be
used successfully to provide a proper re-
sponse curve at the narrower bandwidths re-
quired 1n the 100-channel system Upon ar-
rival of the first narrow-band recewvers in-



Fig. 2 Hazeltine 100-Channel DME Interrogator
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Fig. 3 Federal 100-Channel DME Interrogator

corporating this design, response curves
were plotted and compared with the response
requirements of the specification. The band-
widthmeasured is shown as Fig. 4. This in-
dicates performance within the figures pre-
scribed by SC-40. The lengthening of the
radio frequency pulse width from 1.5 t0 2.5
j sec. results in no deleterious effects. Use

of longer spacings for obtaining the ten modes
led to a requirement for greater care in the
initial adjustment of delay lines; but, once
the delay coils were properly adjusted, no
difficulty was experienced with moding. Oper-
ation of the decoding circuits at the longer
2.5 p sec. pulse width is indicated as Fig. 5.

It is of interest to note that automatic
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frequency control (afc) of the airborne trans-
mitter was \mproved appreciably from a re-
liability point of view by Federal Telecom-
munication Liaboratories This circuitry,
though properly designed to hold the airborne
transmiiter within the limits prescribed for
50-channel equipment, was probably the source
of more equipmentfailures in the earlier (50-
channel) models than any other component
part The afc incorporated inthe 100-channel
interrogators proved to be comparable inreli-
ability and accuracy of operation to any other
circuitry involved 1n the airborne umt

Much criticism of the 100-channel sys-
tem, as prescribed by 5C-40, has been di-
rected at the complexity of equipment nec-
essary to adequately meet all requirements
It 1s sigmficant to note that one of the proto-
type models tested as a part of Phase [Tweighed
a total of 55 pounds, including all accessories
This 15 only a small increase over the weight
of the earlier 50-channel equipment
of the rapid progress made 1n the short period
of a year, it1s Teasonable to believe that
production equiprment may be bui1lt highter

In view
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than the experimental 100-channel umits It
must be borne 1n mind that both manufacturers
were urged to deliver egquipment on acceler-
ated schedules 1n order to provide unmits for
use 1n the evaluation program, and were ad-
vised that weight and space requirements
were not of major importance at this time

Phase III

Performance of Phase Il of the test
program necessarily was delayed unti1l ten
transpondors had been modified to meet 100=-
channel requirements Tt was intended or-
iginally to employ this number of trans-
pondors wn the fest, distributed as follows
Indianapolis, Ind and vicinity, {4), Lafayette,
Ind , (1), Terre Haute, Ind , (1), Dayton,
Ohio, (1), and Wilmington, Ohio, (3) All of
the transpondors were operated at the same
reply frequency {1,201 Mc) but with different
reply apacings

Due to transfer of the Air Force's All-
Weather Flying Division activities from Wil-
mington, Ohio, to Wright-Patterson Air Force
Base at Dayton, Ohio, 1t was not possible for




LAFAYETTE

———— e ————— — g
~
~
~

>

TERRE HAUTE

— — =100 NAUTICAL MILES~— —

hY
rs
Co
%,
%
<%,
¢

4’/(% @ DAYTON

WILMINGTON

Ao FLsHT TEST AREA

Fig 6 Map of Flight Area

that group to provide all of the transpondors
assigned to them for the test, however, one of
three was made available 1In order to avoid
dependence upon air-to-ground communica-
tion to eight different sites during progress
of the test flights, special schedules were set
up based on time synchromzation Flight
tests were conducted on November 29, 1949,
and repeated on the following day
The schedule followed on November 29

was as follows

0900 - 0935 - Alltranspondors squitter at
300 pulse pairs per second

0935 - 0945 - Adjust transpondars to
squitter at 600 pulse paiLrs per second

0945 - 1020 - Alltranspondors squitter at
600 pulse pairs per second

1020 - 1030 - Adjust transpondors to
squitter at 900 pulse pairs per second

1030 - 1115 - Alltranspondors squitter at
900 pulse pairs per second

1115 - 1125 - Adjust transpondors to
squitter at 1, 200 pulse pairs per second

1125 - 1200 - Alltranspondors squitter at

1, 200 pulse pairs per second

1200 - 1210 - Adjust transpondors to
squitter at 1, 500 pulse pairs per second

1210 - 1245 - Alliranspondors squitter at
1,500 pulse pairs per second

Inorder to assure that the test aircraft
was within propagation range of all transpon-
dor sites, aflighttest area was selected which
was within 100 miles of all sites This area
15 indicated on the map, Fig 6, and was
roughly 40 miles eastofthe Center In order
to assure further that strong signals would be
recelved from all transpondors, all flights
were mmade at altitudes above 8, 000 feet -
dicated (mean elevation above sea level of
alltranspondors was approximately 800 feet)
In tabulating the flight test data, unless a syn-
chromzed reply was received from a giwven
transpondor, the "fruit" from that transpon-
dor was not considered
Squittering of the transpondors was ef-

fected by turning up the automatic gain stabil-
ization control while observing the transmitter

current A curve showing the relation of
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Fig 7 Varnation of Transpondor Parameters with Reply Repetition Rate

transmitier current and othertranspondor
characteristics to squitter rate 1s shown in
Fig 7 The squittering rates employed, 1g-
noring the effect of count-down, are roughly
equivalent to the interrogation of each trans-
pondor by 10, 20, 30, 40, and 50 aircraft,
taken chronologically

Two arrcraft were employed during the
first day's test, one from the Naval Air Test
Center, Patuxent River, Maryland, and the
other a CAA aivrplane N181, based at the
Technical Development and Evaluation Center
The test setup as installed on the Navy DC-4
airplane 15 shown n Fig 8 Both aircraft
carried 100-channel airborne equipment man-
ufactured by the Hazeltine Electronics Cor-

poration On returning to the ground, the
flight engineers of both aircraft reported fail-
ure to recewe replies from the Wilmington
transpondor at all times during the flight
Replies were obtained from the remawning
seven transpondors at all times

In the case of the Lafayette and Browns-
burg, Ind (Indianapolis area) transpondors,
although strong synchronmzed replies were
observed atthe 1,500 pulse pair "fruit" level,
it was not possible to lock-on the station
Examination of the oscilloscope carriedn
each airplane, mndicated that this failure was
due to erratic transmaission of the second re-
ply pulse at high transmitter duty cycles
This 1s not a traffic handling capacity problem



Fig. 8 DME Test Installation in Navy ''Delta"

but was a temporary malperformance of the
transpondor. The factthatproper locking-on to
the remaining five beacons was accomplished
is evidence that excessive "fruit' was not
responsible for this malperformance. It is
significant that the Terre Haute, Ind. trans-
pondor, farthest from the operating area, was
locked-on at all "fruit' levels without diffi-
culty. Furthermore, the Terre Haute trans-
pondor was transmitting three pulses (two
for reply and one for identification) at all
times, thus adding to the total "fruit'' level.

At no time during either flight was the
searchtime of the airborne units appreciably
lengthened nor was the memory time of either
unitextended. It is these two functions which
generally fail first, under conditions of ex-
tremely high random pulse levels, i.e.,
"fruit'. One of the interrogators was ad-
justed for a 15-second memory time through-
out the test.

These findings support the statistical
figures which had been previously presented.
In view of the fact that the airborne equip-
ments demonstrated the ability to operate
through the highest levels of 'fruit’ reached
during the tests, the upper limit cannot be
stated. On the other hand, since the maxi-

mum '"fruit" level producedduring the period
of the flight test was in excess of that demanded
of the equipment by current specifications,
there is no reason to believe that the equip-
ment will prove other than completely satis-
factory from a traffic handling point of view.

Inorder to ascertain that the results of
November 29 were notrepresentative of some
intangible but favorable condition, the tests
were repeated on the following day. On Nov-
ember 30, both aircraft repeated the flights
of the preceding day with minor schedule
changes. The results obtained were the same.
One of the two interrogators employed on
November 30 was the 100-channel interroga-
tor developed by Federal Telecommunication
Laboratories. The performance of this unit
was identical to that of the Hazeltine equip-
ment.

An important feature of the DME sys-
tem is the means for identifying the trans-
pondor. Although it is ultimately intended
that aircraft pilots simultaneously select the
omnirange and associated DME channel through
manipulation of a single switch, it is believed
desirable thatan identification signal be pro-
vided to assure that the proper DME trans-
pondor has been selected. Inasmuch as each



omnirange 1s to be provided with a voice 1den-
tification and/or a Morse code identification,
the problem resolves 1tself into the design of
a proper method of 1dentliying the associated
DME as the one actually operating at that par-
ticular omnirange site Preseni DME specti-
fications require that the transpondor be cap-
able of transmutting, as required, a third
pulse, following the second reply pulse, at
one of two speci1fied intervals The third
pulse may be modulated in any number of ways
to provide iwdentification information. The
exact method of employing the third pulse
must be governed by the anticipated traffic
densities within the DME system One pro-
posal has been to simply turn the third pulse
off and on tn accordance with characters of
the Morse code 1In order to satisfactorily
employ such a method of i1dentification, the
traffic dens i1ty within the systemn must re-
main at a relatively low value In order to
determine roughly what this value 1s opera-
tionally, 1n terms of actual aircraft, one of
the eighttranspondors employed 1n the Phase
IIT tests was third pulse-coded In this par-
ticular case, a dot of one-si1xth second dura-
tion and a dash of one-half second were em-
ployed Flight engineers reported that the
code (ID in this case) could be read easily at
squitter rates of 300 (10 aircraft per trans-
pondor), was badly garbled at squitter rates
of 600 (20 aircraft per transpondor), and was
completely unreadable at squitte r rates of
900 (30 aircraft per transpondor) and above

In short, rehablp operation of a Morse code
wdentification system having the characteris-
tics of that employed during the Phase 111
tests could notbe expected in the case of traf-
fic densities exceeding ten aircraft per trans-
pondor Aninvestigation of other methods of
third pulse-coding 1s under way at the Center

More recent tests 1n connection with this prob-
lern have indicated that even at traffic den-

sities of the tenawrcraft per transpondor level,
this type of coding 1s far from satisfactory
1t 1s probable that identification of the code
letters during the flight check was over-
sumplified due to prior knowledge by the ob-
servers of the specific code employed

Phase 1V

This laboratory test program is being
performed at the Naval Research Laboratory
presently Effectively, these tests will es-
tablish an ultimate traffic handling capacity
limit which should be considerably higher
than that which 1t was possible to reach with
the existing ground equipment employed 1n
Phase 11l The data which evolve from the
Phase IV test program w:ill be of extreme
value to design engineers concerned with
planning future pulse type systems, particu-
larly wn cases where 1t w1ll be necessary to
resort to pulse-multiplexaing 1t 1s virtually
rnpossible to obtain quantitative data of this
nature through operational testing

CONCLUSIONS

The following conclusions are drawn

on the basis of the test program results

(1) The combination of 50-channel tech-
mques to provide 100-channel equipment has
been accomplished without detriment to the
system

(2) The traffic-handling capacity of pre-
sent 100-channel equipment exceeds that re-
guired by the specification

(3) Itis apparentthat development of 100-
channel DME 15 sufficiently advanced to war-
rant the placement of contracts for production
equipment

(4} Siumple Morse coding as a means of
transpondor identification 1s suitable only at
very low traffic densities
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