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EVALUATION OF loo-CHANNEL DISTANCE MEASURING EQUIPMENT 

SUMMARY 

Th,s reportdescrtbes a series of teste, 
engmeermg and operatmnal. performed on 
early model lOO-channel distance measurmg 
eguLpments (DME) These tests were per- 
formed for the purpose of evaluatmg the new 
techniques requtred for expansron of the 
earlwr 50-channel system Into a lOO-channel 
system The speclftc purpose and the results 
of each test are evaluated m the light of lOO- 
channel DME requrements As a result of 
these tests It LS concluded that the proposed 
lOO-channel DME system IS based on sound 
engmeermgprinclples and IS compattble wrth 
the most strmgent operatmnal requxrements 

INTRODUCTION 

Cqupment to be employed for the auto- 
matw measurement and display of distance 
m aIrcrafthas been under development s1nc.e 
late ,n 1945 Development of distance meas- 
urmg equLpment (DME) progressed raptdly 
and by the fall of 1948 wae sufftcrently ad- 
vanced so that productmn contracts could be 
placed The equ,pments m existence at that 
t,me provtded for the selectton of any of 50 
mdependentandnonmterfermgoperatmgchan- 
IXlS At that tm,e there were two dLfferent 
methods m use for provtdmg this channelmg 
capacity. one designed around the techntque 
of high-stablllty transmwswns and narrow- 
band receivers, and the other deslgned upon 
the p I 1 n c I p 1 e of pulse-multiplex 1 Exten- 
s Eve tests conducted under the au s p L c e s of 
Subcomrmttee SC-40 of the Radm Technwal 
Commwsmn for Aeronautws led to the con- 
clusmn rhat both of these techniques repre- 
sented a pra&calmeans of DME channelmg 
About thts tune. a re-exammatmn of future 
a,r t r a f f L c control and nav,gatmn requrre- 
ments resulted ,n a change of the number of 
DME channels requtred from 50 to 100 By 
combmmg both the pulse-multiplex and htgh- 
stabllLty techniques mto the same equtpment, 

lSC-40 report. RTCAPaper 121-48/DO- 
24, December 15. 1948 

rt IS possible to obtam100 channels and actually 
reduce thetotal~equencyspectrumprev~ously 
occupwd by e,ther 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 lOO-channel 
system amounts to only 55 MC 

0 n theoretIca grounds, unplementa- 
t,on of the lOO-channel system, usmg only 
t e s ted techmques (techraques employed in 
e ,ther or both of the 50-channel systems) 
presents noproblems Past experience. how- 
ever. has mdtcated that untllequlpment meet- 
mg speclfw requwements has actually been 
bu,lt andoperatronallytested. It ,s sometures 
dtffxult to predrct performance with accuracy 
For thw reason, the placement of contracts 
for lOO-channel equipment on a productmn 
bas,swas delayedunt,lseveral developmental 
mod e 1 s became avaIlable It was believed 
thatsattsfactoryperformance of such models 
under cond~tmns which are to be encountered 
by future productmn equipment would be an 
excellent crttermn of the soundness of lOO- 
channelprmctples Equlpmentmanufacturers 
wereurgedtoexpeditedellveryof IOO-channel 
developmental mode 1 s (both transponders 
and mterrogators) and sunultaneously the Gvll 
Aeronautics Admmlstratmn mltlated a pro- 
JeCt for combmng two of the 50-channel m- 
terrogators (one pulse-multlplexandone htgh- 
stab,l,ty type) m such a manner as to check 
varmus IOO-channelcharacterlstwzs Inaddt- 
tmntolaboratory tests of 100-channel equLp- 
ment. It was de em e d essenttal to perform 
fltght tests of the equipment under condttmns 
of traffic density equwalent to that predtcted 
for the foreseeable future 

S ~nc e the distance measurmg equ,p- 
ment, bemg an Integral part of the Common 
A I I Navrgatmn and Traffic Control System 
defmed hy SC-31 of the RTCA and now berng 
developed under the dlrectmn of the Air Naw- 

2R C Borden. C C Trout, and E 
c w Illmms, “UHF Distance Measurmg 
Equipment for A L r Nav,gatmn.” Technxal 
Development ReportNo 114, dated June 
1950 



gation Development Board. LS a faclhty to be 
used by mllltary as well as clvll aIrcraft, a 
committee embracmg both clvll and mllttary 
members was set up to direct the lOO-channel 
DME evaluatmn program This committee 
met on September 15. 1949. at the Technical 
Development and EvaluatmnCenter to discuss 
the various aspects of the test program 

The test program was dlvtded Into four 
phases 

Phase I Tests ofthe CAA combmedpulse- 
multiplex hrgh-stabllrty 50-channel units 

Phase II Laboratory tests of pre-produc- 
tmn lOO-channel units 

Phase III Flight tests to determme the 
traffx handllngcapacttyof lOO-channeleqmp- 
ment 

Phase IV Laboratory tests to determme 
the traffvz handlmg capacity of lOO-channel 
equipment 

Phases I and 11 consIsted of recheckmg 
equipment characterlstlcs whxh are common 
to both 50- and lOO-channel systems, and 
partxularly the testmg of combmatmns of 50- 
channel techniques requtred for mxplementa- 
tmn of the lOO-channel system 

Phases 111 and IV are cons tdered of 
mayor slgnlflcance Inasmuch as they were 
set up for the purpose of provldlng more 
realwtw Justlflcatron that the lOO-channel 
system, as deslgned, us capable of operatmg 
under the high trafftc densttles whtch ultl- 
mately are antlclpated Prmr to the mlttatvan 
of this test program. there was no sultable 
laboratory t e s t equipment for determmmg 
traffx handlmg capac,t,es of such systems 
accurately, nor were there a suffxlent num- 
ber of ground statmns geographwally located 
so that an operational test could be arranged 
Dataof the type desrred prevmusly were lwn- 
ited to stattstwal analyses and to laboratory 
tests conductedwlthequtpmentnot completely 
capable of swnulatmg actual operatmg con- 
dltmns Although the data from these two 
sources were m reasonable accord. It was 
belwved h, ghly desirable to perform tests 
under more reallstlc condrtmns If lOOtrans- 
ponders were used In a 500-m& square, then 
there would be a total of ten trans&xndors 
transmlttmg on a common frequency, L e , 
each transponder frequency would have to be 
repeated ten t ~me s It IS conceivable that 
each of these transponders may, at a given 
twne. be supplymg service to as many as 50 
atrcraft In such cases. all of the trans- 

2 

mltted repl~s ~111 be ellgtble for receptmn 
by all of the 500 awcraft Involved, subJect to 
lme-of-sight propagatmn restrlctlons A*Y 
glvenarrcraftwtll receive only one of the ten 
transponders with a prop e r reply spacmg, 
but all ten ~~11 be r e c e Eve d at the correct 
frequency Interlacmg of the repl,es from 
the nme rmproperly moded transponders ~111 
result In an apprectable number of artrfxtal 
replres havrng the correct mode bemg pro- 
duced In this case, the abtllty of the aIrcraft 
decodmg c~rcu& to sort out the repltes of 
proper spacmg and reJect all others 1s ex- 
tremelynnportant Furthermore, the abLl,ty 
of the searchmg and tracking cwcults of a 
partwular Interrogator to recognwe and re- 
spond to only those pr9perly moded repl& 
mltlated by Its own transmitter LS xnperatlve 
Insertmg the lme-of-sight lxnltattons and a 
more real,st,c pxture of traffx d,strtbut,on, 
SC-40 concludedthatthe ab,lLty of the system 
to operate properly In the face of a loadtng of 
20 alrcraft for each of the nme tmproperly 
moded transponders. and 50 aIrcraft for the 
properly moded transponder. would guaran- 
tee satisfactory system operation for many 
years to come The purpose of Phases 111 
and IV of this program was to determine 
whether or not this ablllty was mherent In 
equrpment whxh can be buLlt now 

TESTS 

Phase I 
In order to obtam lOO-channel data at 

the earllest possible date. the Techn,cal De- 
velopment andEvaluatlonCenter mnnedtately 
commenced work on an experImenta lOO- 
channel Interrogator Thts unrt consIsted of 
the combmatt6n of a 50-channel mterrogator 
of pulse-multrplexdes~gnw~thas~m~lar mter- 
rogator of high-stabllLty d e s I g n Although 
bothdouble-pulse transmlssmns of unstablllzed 
character and single-pulse transrmssmns of 
high-stabll,ty character had been separately 
tested and found sattsfactory. the combmatmn 
of the hvgh-stablllty feature wLth the double- 
pulse transmtssmn had not yet been accom- 
plrshed Inorder to assure that such a com- 
bmatwnwould not unduly complxate the al=- 
craft transmitter, modulator. or automatic 
frequency control system. the double-pulse 
modulator was used to operate the hvgh-stablllty 
transmitter The clrcultry employed 1s shown 
as Fig 1 Operatmn u nd e r this condttwn 

’ I ,,, ; I 
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HAZELTINE MOD”LATOR 

F,g 1 C,rcu,t Employed for Modulatmg High Stablltty Transmitter with 
Double-Pulse Modulator 

for a permd of tune revealed no deletermus 
ettects to either the modulator, the trans- 
m,tter, or the automatx frequency control 
The peak output power of the transmitter was 
reduced by less than one db with respect to 
the peak power obtamable when operated as 
a smgle-pulse transrIntter There was no 
apprecmble d,ffeence ,n the radro frequencies 
of the two transrmtted p&es This ,nltml 
testeffectwelyduplxatedthe alrborne trans- 
mltterprescrtbedfor IOO-channel equlpment 
By us ,ng this transmitter to mterrogate a 
ground transponder. and by employmg a high- 
stablllty narrow-band receiver for receptmn 
of the transponder reply, a two-way DME 
transmlssmn was completed on one of the 
radm frequency channels to be employed by 
the lOO-channel system The rangmg CL=- 
cults of the pulse-multiplex mterrogator were 
used to complete the loo-channel alrborne 
unit. the transponder reply was locked ,n the 
gates. and the mdtcator d,splayed the car- 
rect d L 5 tan c e to the ground statmn This 
earllest and somewhat crude rmplementatmn 
of lOO-channel equ,pment ddfered 11, tech- 
n~cal characterwtxs f r o m ult,mate equip- 
n-lent ,n only two m&Jo= respects 

(1) Pulses of 1 l/2 p set duratmn were 
employed rather than the 2 l/2 ,a set pulses 
prescribed for lOO-channel equtpment 

(2) The longer pulse spacmgs required 
for ten modes were not provtded 

No attempt was made to modify the 
laboratory equLpment to meet these requwe- 
ments masmuch as the first lOO-channel de- 
velopmental models were received from the 
manufacturers at th,s t,me 

Phase II 
Upon delwery of the mutual prototype 

equtpment (both mterrogators and transpon- 
dors) the system was mstalled and operated 
In aircraft Hazeltme Electronics Corpora- 
tmnandFedera1 Telecommun~catmn Labora- 
torws were suppliers ofthe equrpment. whrch 

-LS shown as Figs 2 and 3 All equipment 
was thoroughlychecked No evidence of farl- 
ure to meet system charactertstlcs was ob- 
served One new techntque which prevmusly 
had not been tested was the use of the sptke- 
suppressor clrcult to obtarn very narrow re- 
ce,ver bandwidths The earlier 50-channel 
pulse-mult~plexequtpment employed a spike- 
suppressor toprowde steep sk,rts on the re- 
celver response curve, butsomequestmn was 
ratsed as to whether thts cwcti,t could be 
used successfully to pr ov td e a proper re- 
sponse curve at the narrower bandwtdtlis re- 
qurred ,n the lOO-channel system upon ar- 
rival of the first narrow-band receivers m- 



Fig. 2 Hazeltine loo-channel DME Interrogator 

Fig. 3 Federal loo-channel DME Interrogator 

corporattng this design, response curves 

were plotted and compared with the response 

requirements ofthe 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 to 2. 5 

1 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 

difficultywas experiencedwithmoding. 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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F,g 4 Receiver BandwIdth. HEC 
Interrogator (After Spike 
Suppression) 

frequencycontrol(afc) of the alrborne trans- 
mttter was improved apprecrably from a re- 
1LabllLty pomt of YXW by Federal Telecom- 
muntcatmn Laboratorxs, T h L s c,rcu,try. 
thoughproperlydesLgned to hold the aIrborne 
transmttter wlthm the llmlts prescrtbed for 
5C-zhannel equipment. was probably the source 
ofmore equrpmentfa&xres ,n the earlier (50- 
channel) mod e 1 s than any other component 
part The aft mcorporated in the lOO-channel 
mterrogators proved to be comparable mrel,- 
abllltyandaccuracy of operatmn to any other 
crrcultry Involved m the alrborne untt 

Muchcritlctsmof the lOO-channel sys- 
tem, as prescrtbed by SC-40, has been dl- 
rected at the complextty of equipment nec- 
essary to adequately meet all requirements 
It 1s srgndxant to note that one of the proto- 
type models tested as a part of Phase Ilwelghed 
a total of 55 pounds, mcludmg all accessories 
Thts IS only a small mcrease over the weight 
of the earl,er 50-channel equipment In view 
of the raptdprogress made m the short perrod 
of a year, It LS r e as on a b 1 e to belleve that 
productmn equipment may be bu lit lighter 

Fig 5 HEC Transponder Decoder Response 
Curve 

than the experImenta lOO-channel units It 
must be borne mmmd that both manufacturers 
were urged to deliver equipment on acceler- 
ated schedules m order to provrde umts for 
use ,n the evaluatmn program, and were ad- 
vised that we rght and space requrrements 
were not of mayor importance at this ttme 

Phase III 
Performance of Phase III of the test 

program necessarily was delayed until ten 
transponders had been modlfwd to meet lOO- 
channel requirements It was Intended or- 
lgmally to employ this number of trans- 
ponders m the test, dlstrlbuted as follows 
IndlanapolLs, Ind and v,c,n~ty. (4). Lafayette, 
Ind , (l), Terre Haute, Ind , (1). Dayton. 
Ohm, (l), and Wllmmgton. Ohm, (3) All of 
the transpondars were operated at the same 
reply frequency (1,201 MC) but wtth ddferent 
reply spacmgs 

Due to transfer of the Air Force’s All- 
Weather Flymg Dlvwmn actrvltws from Wd- 
mmgton, Ohm. toWrIght-PattersonAw Force 
Base at Dayton, Ohm. Lt was not possible for 
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F,g 6 Map of Flight Area 

that group to provtde all of the transponders 
ass,gnedto themfor the test, however. one of 
three was made available In order to avotd 
dependence upon aw-to-ground commun,ca- 
tmn to erght dtfferent sites durmg progress 
of the test flights, spec~alscheduleswere set 
up b a s e d on trne synchromaatmn Fltght 
tests were conducted on November 29, 1949, 
and repeated on the followmg day 

The schedule followed on November 29 
was as follows 

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

0935 - 0945 - AdJust transponders to 
squkter at 600 pulse paus per second 

0945 - 1020 - Alltranspondors squltter at 
600 pulse paus per second 

1020 - 1030 -AdJuSt transponders to 
squrtter at 900 pulse pairs per second 

1030 - 1115 - All transponders squltter at 
900 pulse paws per second 

1115 - 1125 -AdJust transponders to 
squtter at 1. 200 pulse pa,rs per second 

1125 - 1200 - All transponders squtter at 

1,200 pulse paws per second 
1200 - 1210 -Adjust transponders to 

squttter at 1, 500 pulse paws per second 
1210 - 1245 - Alltranspondors squttter at 

1.500 pulse pa,rs per second 
Inorder to assure that the test aIrcraft 

was w,thmpropagatmn range of all transpon- 
dorsltes. afltghttestareawas selected which 
was wlthm 100 m11es of all sites This area 
1s tndtcated on the map. Fig 6. and was 
roughly 40 n-ales east of the Center In order 
to assure further that strong signals would be 
received from all transponders, all fltghts 
were made at altktudes above 8.000 feet m- 
dxated (mean elevatmn a hove sea level of 
all transponders was approxnnately 800 feet) 
In tabulatmgthe fltghttest data, unless a syn- 
chronrzed reply was received from a given 
transponder. the “frut” from that transpon- 
dor was not considered 

Squtttermgof the transponders was ef- 
fected byturnmgup the automattc gam stabll- 
lzatmn control while observmg the transmitter 
current A curve show ,n g the relatmn of 
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Fig 7 Varmtmn of Transponder Parameters with Reply RepetLtmn Rate 

transmitter c UT I ent and othertranspondor poratmn On returnmg to the ground. the 
charactertstws to squatter rate LS shown In flight engmeers of both alrcraft reported fall- 
Fig 7 The squrttermg rates employed. lg- ure to receive replres from the Wilmrngton 
normg the effect of count-down, are roughly transponder at all t urn e s durmg the flight 
equtvalent to the mterrogatmn of each trans- R e p 1 I e s were obtamed from the remammg 
pondor by 10. 20, 30. 40. and 50 axcraft, seven transponders at all ttmes 
taken chronologxally In the case of the Lafayette and Browns- 

Two arrcraft were employed durrng the burg, Ind (IndIanapolls area) transponders. 
fust day’s test, one from the Naval Au Test although s t r on g synchronued replws were 
Center. Patuxent Rover, Maryland, and the observedatthe 1,500 pulse pa,* “frurt” level. 
other a CAA airplane N181, based at the It was not p o s s ~b le to lock-on the station 
Technrcal Development and Evaluatmn Center Exammatmn of the oscrlloscope c a r r ted m 
The test setup as mstalled on the Navy DC-4 each airplane, mdxated that this fa,lure was 
airplane 1s shown m Fig 8 Both alrcraft due to erratic transmlssmn of the second re- 
carried 1 OO-channel auborne equipment man- ply pulse at high transmttter duty cycles 
ufactured by the Hazeltme Electronics Cor- This 1s not a traffw handlmg capacity problem 

/- , 
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Fig. 8 DME Test Installation in Navy “Delta” 

but was a temporary malperformance of the 

transponder. The fact that proper lockingon to 

the remaining five beacons was accomplished 

is e v ide nc e 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 p u 1 s e s (two 

for r e ply and one for identification) at all 

times, thus adding to the total “frlrit” level. 

At no time during either flight was the 

search time of the airborne units appreciably 

lengthened nor was the memory time of either 

unit extended. 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 statis tical 

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 

d u r in g the tests, the upper limit cannot be 

stated. On the other hand, since the maxi- 

mum “fruit” level produced during the period 

of the flight testwas 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. 

In order to ascertain that the results of 

November 29 were not representative 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 p r e c e d in g day with minor schedule 

changes. The results obtained were the same. 

One of the two interrogators e mploye d on 

November 30 was the loo-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 in t e n d e d 

that aircraft pilots simultaneously select the 

omnirange and associated DME channel through 

manipulation of a single switch, it is believed 

desirable that an identification signal be pro- 

vided to assure that the proper DME trans- 

pondor has been selected. Inasmuch as each 
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omn,range ,s to be prowded wtth a vo,ce Iden- 
t,f,cat,onand/or a Morse code tdent,f,catmn, 
the problem resolves itself Into the ded,gh of 
a proper method of tdentlfymg the assoctated 
DME as the one actuallyoperatmg at that par- 
t,cular omn,range s,te Present DME spec,- 
f,cat,ons requwe that the transponder be cap- 
able of transmtttmg. as r e qu I r e d, a th,rd 
pulse, followmg the second reply pulse. at 
oneoftwospec,f~ed mtervals The th,rd 
pulse maybe modulated ,nanynumber of ways 
to p r o v ,de ,dentlfwat,on ,nformatmn, The 
exact method of e m p 1 o y , n g the th,rd pulse 
must be governed by the antw,pated traff,c 
dens,t,es wlthm the DME system One pro- 
posal has been to s~rnply turn the th,rd pulse 
off and on tn accordance w,th characters of 
the Morse code In order to sat,sfactor,ly 
employ such a method of ,dentlfLcat,on. the 
traff,c dens sty w,thm the system must re- 
ma,* at a relatively low value In order to 
determme roughly what th,s value us opera- 
t1ona11y. ,n terms of actual a,rcraft. one of 
the erghttranspondors employed ,n the Phase 
111 tests was third pulse-coded In this par- 
twular case. a dot of one-s,xth second dura- 
t,on and a dash of one-half second were em- 
ployed F 1, g h t eng,neers reported that the 
code (ID ,n th,s case) could be read eas,ly at 
squ,tter rates of 300 (IO a,rcraft per trans- 
pondor), was badly garbled at sq”,tter rates 
of 600 (20arcraft per transponder). and was 
completely unreadable at s q u , t t e r rates of 
900 (30 a,rcraft per transponder) and above 
In short, r&able operatmn of a Morse code 
,dentlfwat,on system hav,ng the character,s- 
t,cs of that employed dur,ng the Phase 111 
tests couldnotbe expectedm the case of traf- 
f,cdens,t,esexceed,ngtena,rcraft per trans- 
pondor An,nvest,gat,on of other methods of 
thwd pulse-codmg ,s under way at the Center 
More recent tests m connect,onw,thth,s prob- 
lem have ,ndlcated that even at traff,c den- 

s,t,esofthetena,rcraftpertranspondorlevel, 
th,s type of cod,ng IS far from sat,sfactory 
It ,s probable that tdent,fwat,on of the code 
letters dur,ng the flight check was over- 
s,mpl,f,ed due to pr,or knowledge by the ob- 
servers of the spec,f,c code employed 

Phase IV 
Th,s laboratory test program 1s hang 

performedat the Naval Research Laboratory 
presently Effectwely, these tests w,ll es- 
tabl,sh an ultn-nate traffw handlmg capaaty 
I, m L t which should be constderably htgher 
than that wh,ch ,t was poss,ble to reaqh with 
the ex,st,ng ground equtpment employed ,n 
Phase III The data whwh evolve from the 
Phase IV test program w,ll be of extreme 
value to desrgn eng,neers concerned w,th 
p1ann,ng future pulse type systems, part,cu- 
larly ,n cases where It ~111 be necessary to 
resort to pulse-mult,plex,ng It ,s virtually 
nnpossrble to obta,” quant,tatlve data of this 
nature through operatmnal test,ng 

CONCLUSIONS 

The followmg conclus,ons are d r awn 
on the bas,s of the test program results 

(I) The combmatmn of 50-channel tech- 
mques to provtde lOO-channel eq”,pment has 
been accompl,shed w,thout detr,ment to the 
system 

(2) The traff,c-handl,ng capac,ty of pre- 
sent lOO-channel eq”,pment exceeds that re- 
qu,red by the spec,f,catmn 

(3) It ,s apparent that development of loo- 
channelDME ,s s”ff,c,ently advanced to war- 
rantthe placement of contracts for productmn 
equ,pment 

(4) S,mple Mars e cod,ng as a means of 
transponder ,dentlf,cat,on ,s su,table only at 
very low traff,c dens ,t,es 


