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IDENTIFICATION OF DMJX TRANSPONDERS 

SUMMARY 

Th,s report outlmes the development 
of a sultable means for prowdIng DME 
ground statIons with an Identlflcatmn channel 
The operatmn of this channel 1s such that an 
mdlcatmn of the statIon IdentIty 1s received 
by the assaclated airborne equipment and 
made avaIlable to the p,lot The basic prob- 
lem 1s dIscussed, together w,th a number of 
proposed solut,ons eachofwhlch 1s described 
in detail, and the reasons for selectmg the 
recommended system from among those 
under conslderatxon are stated The method 
referred to as a code-bracketmg method 
mvolves the transmlsslon of a third pulse 
from the ground transponder at Intervals 
synchronous w,th the transm,ss,on of Iden- 
tlflcatmn mformatmn on the assocmted VHF 
ommrange (VOR ) or mstrument landmg 
system (ILS) channel Durmg transmlss,on 
of the third pulse, a 400-cycle per second 
(cps) tone 1s InJected Into the p&t’s headset 
Txmng 1s arranged so that the tone 1s heard 
JUSt before and JUSt after transmlsslon of the 
VOR or ILS code Identlficatmn, If the p,lot 
1s tuned to the associated DME transponder 

INTRODUCTION 

Distance measurmg equlpment (DME) 
1s the name generally applxed to a speclf,c 
system for provldmg arcraft pllots w,th 
contmuous and accurate dxstance mformatmn 
with respect to preselected ground statmns 
This particular system has been adopted as 
a standard short range navlgatmn fac,l,ty n, 
the Umted States and also wxll be used abroad 
System operatmn 1s based on the famlllar 
Interrogator-transponder prmclple. w,th the 
mterrogatmn orlgmated by the alrborne 
equlpment (mterrogator) and the reply bemg 
transmltted by the ground equipment (trans- 
ponder) DME 1s to be used ,n conJunctvan 
with the currently mstalled VOR to provide 
a combmed azxnuth-distance air navlgatmn 
faclhty of natlonwlde coverage It also Will 
be used in COllJU"CtlOn with ILS to prowde 
contmuous dxtance to touchdown dunng the 
Instrument approach and landmg In order to 
o bt aln full flexlb~hty. the VOR and ILS 
facllltles are provided with dlscrete frequen- 
cy assignments on a grid bas,s so that no 
frequencies are repeated wIthour. suftlclent 
geographlcal separatmn to insure nonlnter- 
ference For swmlar reasons each of the 

ILS and VOR frequencies 1s assvzned a 
different DME chan&l 

Channelmg of the DME 1s accompllshed 
through a combmatlon of different frequency 
combmatmns. plus a pulse multlplexlng 
techn1que.m order to obtam IOOnonmterfer- 
mg channels from a total of 20 asslgned 
frequencies (IO for mterwgatmn and 10 for 
reply) Crossbandmg these 20 frequencies 
permits the ass,gnment of 100 different 
frequency comb,nat,ons, w h, c h by them- 
selves would be nonmterfermg of only a 
lxmted number of alrcraft were to make use 
of the system However, wdespread use of 
DME dictates addltmnal means to prevent 
saturatmn due to excesswely high random- 
pulse levels on each of these frequencies 
The added protectmn 1s provided by the use 
of double pulse mterrogatmns and replies. 
The time mterval between each pa,= of 
pulses may be any value between 14 and 77 
m,crosecands in steps of 7 mvzroseconds, 
thereby provldmg a total of 10 different pulse 
spacmgs Each channel of the 100 may be 
ldentlfled by the followmg parameters (1) an 
mterrogatmn frequency, (2) a reply frequen- 
cy, and (3) a mode A mode 1s defmed as a 
combmatlon of reply and mterrogatlon pulse 
spacmgs, and there are ten such modes, the 
5um ot mterrogatmn arm reply spacmg 
always bemg 91 microseconds No two 
channels of the total of 100 may have more 
than one of the basic parameters uncommon 
Details of the DME system hay: 9;~ 2mply 
covered in previous hterature 

1 R. C Borden, C C Trout, and 
E C. Wlll~,ma, “UHF Distance Measurmg 
Equipment for Air Nawgatmn.” Tecbmcal 
Development Report No. 114. June 1950 

2 H Buslgnles. “High-Stab&ty Radm 
Distance-Measurmg Equipment f o r Aer,al 
Nav,gatmn,” ElectrIcal Communlcatlon, 
Vol. 25, pp. 237-243, September 1948. 

3 
Charles J. Hirsch. “Pulse-Multiplex 

System for Distance-Measurmg Equlpment 
(DME).” Proceedmgs of the IRE, Vol. 37, 
pp 1236-1242. November 1949 

4 R C. Borden, C C. Trout, and 
E C. W,lhams, “Descrlptmn and Evaluation 
of loo-channel Distance-Measurmg Equip- 
merit,” Proceedmgs of the IRE, Vol. 39, 
pp 612-618, June 1951. 
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DME pravldes the pllots of axrcraft 
equpped with the system with an mdlcatmn 
of distance 111 nautical m,les To be of value 
to the pllot, it 1s obvmusly necessary that he 
know from what po ,nt this distance 1s 
measured. It 1s expected that there ~111 be 
approxxnately 100 different DME ground 
stat,ons w,thm a square measurmg400m~les 
in width and length Each of these ground 
statIons w,ll be assIgned a channel of oper- 
atmn which 1s mdependent of the remammg 
99 ground statlons It might appear that an 
aux,llary means of ,dentlfzcatmn would be 
unnecessary If the channel assignment of 
each transponder locatlon 1s known andprop- 
erly selected There are, however, a number 
of reasons that make It necessary to provide 
a check on the tumng procedure It 15 pos- 
slble that the p&t may madvertently select 
the wrong ground statmn either as the result 
of unproper mampulatmn of the tumng con- 
trols or as the result of mlsreadmg the 
assIgned channel from his navlgatmn chart 
In the absence of some substantlatmg means 
of ldentlflcatmn, It 1s conceivable that the 
ptlot could unknowmgly operate his alrcraft 
while usmg mformatmn orlgmatmg from 
some pomt other than that Intended In some 
extreme cases It may be possible for the 
aIrcraft to be wlthm lme of sight of two co- 
channel DME statlons Such an occasion 
could easily srlse at extremely high altitudes 
with long-range DM!Z Interrogators 

Inasmuch as DME transponders ~111 
normally be Installed at either VOR or ILS 
sites and used ,n COnJ"I,CtlOIl with one or the 
other of these facxlltxs. It has been argued 
that nnproper tunmg of the alrborne DME 
would be m,poss,ble since the VOR and ILS 
faclhtles provide independent voice or code 
Ident,f,catlon If the airborne equipment 1s 
deslgned so that simultaneous channelselec- 
tmn of the DME and associated nawgatmn or 
landmg faclhty 1s made through a common 
electromechamcal control b o Y, It would 
appear that nnproper selection of the Dh4E 
transponder would occur only n-, remote 
cases. It 1s conceivable, however, that me- 
chamcal or electrlcal failure in the tunmg 
mecharnsm could result ,n selectmn of some 
DME transponder other than that associated 
w,th the navlgatmn or land,ng faclllty bemg 
employed In some Instances, and partxu- 
larly abroad, DMEZ transponders w,ll be 
Installed as a complete ground faclllty with 
nelther assocmted VOR nor ILS In such 
cases there would be no means of Identlfymg 
the ground statton. These problems were the 
subject of much dehberatmn durmg the 
meetmgs of Special committee 40 
of Radio TechnIcal Commlsslon for 

AerOnsutlcs (RTCA) 5 
The mtroductlon of Dh4E. a pulse- 

modulated system, as an a,rway faclhty 
created anident,flcatlonproblem not Inherent 
ln prewous continuous WaYe (CW) systems 
In the case of CW systems, addltlon of the 
Ident,flcatlon has always been relatively 
sunple and 1s usually done by modulatmg the 
radlc-frequency carrier either by voice or by 
Morse code Unfortunately, the DM!Z ground 
transmlsslon 1s Inherently unsuted to modu- 
latmn of this type There 1s msufflclent en- 
gy contentto convey the necessarymtell,gence 
Inasmuch as the duty cycle of a DME trans- 
ponder IS only about one-half of one per cent, 
even when operatmg under fully loaded condl- 
tmns The earllest DAB models bult xn this 
country employed a relatively sunple method 
of transmlttmg 1dentlflcatx.x mformatlon 
This method was known as gap codmg =aP 
codmg,ln Its crudest form. sunply mvolves a 
permdlc InterruptIon of the transponder reply 
to form characters of the Morse code If the 
urborne Interrogator 1s trackmg on aground 
statIon and the reply from the ground StatIon 
1s Interrupted, a code lamp on the Instrument 
panel can be turned either off or on depend- 
mg upon the presence or absence of a reply 
slgnal The permds durmg which the reply 
slgnal 1s Interrupted are short enough in 
durat,on so that DME service itself 1s not 
effectively Interrupted In the alrborne DME 
this lack of mterruptmn 1s due to a memory 
clrcult which holds the distance readmg con- 
stant for a permd of approximately 8 to 15 
seconds A mod,f,catlon of this particular 
type of gap codmgwhxh has been used in the 
past mvolves lnterruptlon of the local oscll- 
later of the ground statlon receiver rather 
than mterruptmn of the transmltted reply 
Thereare certamadvantages Inherent to this 
mode of operatmn However. the basic lu-m- 
tat,on of msufflclent traffic handlmg capacity 
IS the same In order to provide a more 
reliable means of ,dentlflcatmn and to ln- 
crease the traffw handlmg capacity. various 
systems employmg an alrborne codmg gate 
have been proposed and employed. This 
alrborne gate. wh,ch can be made very short 
in duratmn, occurs at a specific txne mter- 
val followmg the second reply pulse 

When usmg such a cadmg gate, in 
add,tmn to the normal two-pulse reply the 
DME transponder must be made to reply with 

5 RTCAPaper 121-48/DO-24,Report of 
Special Committee 40. “Dh4E System Char- 
acter,st,cs hranslt,onPerlod).“December 15. 
1948 
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nn vldmg ldentlflca:lon for those DME 
transponders which are mstalledwlth- 

INTEREoCllTlO* PYLSf PnIe out compamon facllltles such as VOR 
or ILS 

3 The system shall operate properly 
under the heavy traffic loadmg condo- 

RLPL, PULSE P&NR PLUS IOENTlT” P”SE~ I tlons expected when wIdespread use of 
I the DME 1s reached 

A proper evaluation of the varmus proposals 
dlctated that each of them be temporarily 
unplemented, usmg transponders and mter- 
rogators essentmlly ldentlcal to ultunate 
productmn type umts Facllltles avaIlable 
to the Center to perform these tests were 

1. HazeltIne Electromcs Corporatmn. 
Model 1364A DME transponder -two 
urnts 

2 Hazeltme Model No 1459 DME mnter- 
rogators -two units 

3. CAA VHF ommrange - one umt 
4. Federal Telecommunlcatlon Labora- 

tories. Inc , Model DIA DMFi interro- 
gator - one umt 

5. CAA audio OS collator -keyer. 
Type CA-1296 (modlfled) -one unit 

Fxg. 1 Time Relatlonshlps of DME 
Identlflcatlon Channel 

a specxal pulse arrlvmg sunultaneously with 
the generatmn of the codmg gate In the al=- 
borne unit Synchromzatlon 1s obtamed by 
virtue of the fact that the mterrogator may 
use the second normal pulse reply as a zero 
txne standard from which the codmg gate 
may be delayed by any convenient Interval 
The standard adopted Interval 1s 10 Srmcro- 
seconds Generation of the third pulse by 
the transponder 1s delayed by this same 
amount followmg transrrnssmn of the second 
reply pulse Fig 1 illustrates the tune 
relatmnshlps Involved 

EXAMINATION OF IDENTIFICATION 
CODING SYSTEMS 

In order to estabhsh which method 
from among several of those proposed 
offered the most practical solutmn to the 
DME ldentlflcatmn problem, a number of 
factors had to be weIghed Among the 
requirements for a sultable ldentlflcatlon 
system are the followmg 

1 The system shall be compatible with 
anearlylmplementatlondate,lnasmuch 
as the DME procurement programwas 
wellunderway at the time this InvestI- 
gatmn was undertaken 

2 The system shall be capable of pro- 

The Haaeltme Model 1364A transponders 
were provided with built-m keyers. the cl=- 
cultry of which was capable of keymg a third 
transponder reply pulse at mtervals deter- 
mmed by the settmgs of adJustable cams at 
the periphery of the keyer codmg wheel 
This coder 1s shown as Fig 2 

It had been proposed that use of such a 
keyer to transmit third-pulse trams m ac- 
cordance with the Morse code sequence 
asslgned to the DME statlon would prowde 
an adequate means of DME Identxficatlon 
Two problems are uwolved In such a basic 
system First, smce more than one alrcraft 
(and up to 50)may be recelwng serwce from 
a single transponder, the alrborne codmg clr- 
cuts must be protected from random pulses 
(such as replies to the other arcraft) enter- 
Ing the codmg gate and leadmg to spurlous 
Identlflcatlon signals. Second, smce many 
arcraft are sharmg the service of a smgle 
transponder, not all alrcraft mterrogatmns 
xv111 result m a reply Therefore, the codmg 
arcultry must be capable of operation m the 
presence of count-down,whlch 1s the ratlo of 
the number of replles received to the mter- 
rogatlons sent In the DME system, count- 
down may be as high as 33 l/3 per cent 
wlthout detrxnent to system performance 
1 Random Pulses 

In order to mx-amlze the first of these 
two problems, It 1s desirable to requre a 
fairly large number of successive pulses to 
be received by the codmg gate before the 
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Fig 2 Hazeltme DME Keyer 

output c I r c u 1 t becomes activated The 
number of successive pulses deterrome the 
mtegratlon time Smce the DME alrborne 
transmitter lnterrogatmn rate IS only 30 per 
second. unreasonably long dots and dashes 
would have to be employed If anyappreclable 
number of consecutive pulses (such as ten 
for a dot) were required to obtam an identl- 
flcatmn output In order to dlfferenttlate 
between dots and dashes, the dashes would 
then have to be of approxxnately 2/3+econd 
duration Such a slow code, when presented 
aurally, 1s quite confusmg. 
2. Count-down 

In attemptmg to minmnze this problem, 
other undesirable factors became evident 
With such long mtervals representmg the 
dots and dashes, the probablllty that count- 
downwlllcause them to be broken up becomes 
extremely high Garblmg m this manner 
destroys the code as effectively as do the 
spurious signals received when the arborne 
lntegratmn ttme 1s too short Figs 3A and 
3B Illustrate the two cases Thus, a basic 
lxmtatlon on such a sn-nple codmg system 15 
Imposed by traffic loadmg As the traffic 

load decreases, both of these effects become 
less pronounced, and when only a smgle air- 
craft IS operatmg with the transponder, the 
duration of the code signals may be any 
value desired wIthout resultmg In code 
garblmg Usmg exlstmg equipment, the 
traffic llmlt at whl c h garblmg became 
excessive was deterrmned experxnentally 
A Hazeltme Model 1364A transponder was 
used m conJunctIon with a Hazeltme Model 
1459 mterrogator 

Usmg the coder shown m Fig 2, the 
code letters IND were set up with a dash 
length of 1 l/4 seconds and a dot length of 
about one-half this value The Interrogator 
was tuned to the transponder channel and 
perrmtted to lock on the transponder reply 
The contacts of the alrborne coding relay 
were used to key the output of a 1020-cps 
signal generator. the keyed output of which 
was recorded on tape To simulate traffic 
loadmg. the receiver gam of the transponder 
was Increased so that noise pulses success- 
fully passed the decoder at the receiver out- 
put and tnggered the transponder m random 
fashion at a rate determmed by the gam set- 
tmg When the normal gam settmgwas used, 
the transponder performed as If Itwere mter- 
rogated by a smgle alrcraft Under this con- 
ditlon. the Morse code letters were unbroken 
and none were omltted. nor were any spurmus 
ldentlflcatlon s I g n a 1 s mtroduced This 
recording was played back to a number of 
hsteners, the maJOrlty of whom stated that 
the code was far too slow The receiver 
gam of the transponder was then increased 
to a level equivalent to random mterrogatmn 
by ten arcraft Under this condltmn only 
about 50 per cent of the codes transmltted 
were unmterrupted, and, as a consequence. 
operation at this traffic level was consIdered 
unsatisfactory At a level of 20 mterrogatmg 
arcraft, practically all of the codes trans- 
mltted were Interrupted In an effort to re- 
duce the undesirable effect of count-down, 
both the mtegratmn time of the aIrborne 
codmg clrcult and the duration of dots and 
dashes were reduced by approxxnately one- 
half These tests were repeated, and a very 
satisfactory and easily readable code slgnal 
was received at a traffic level of one arcraft 
However at traffic levels of ten or more air- 
craft, spurious signals were created thereby 
causmg serious code garblmg Creatmn of 
these spurmus signals was caused by sufh- 
clent numbers of random pulses bemg re- 
cexved in the Identlficatxon gate to cause 
operation of the code relay because of the 
lower mtegratlon time On the basis of these 
tests, It was concluded that the use of such 
a basic systemwould not be feasible even for 
very low levels of traffic. This had been 
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Fig. 3 Improper Codmg Effects With Heavy DMFi Traffic 

shown prevmusly UI a serves of flight tests 
6 

It became obvmus that the system to 
be employed could not be expected to convey 
more than smnple OFF-ON mformatmn. UI 
wh,ch case a fairly large amount of garblmg 
could be tolerated wlthout destroymg recog- 
mtlonof this basLc type of mformatmn Smce 
such a system (when applied to ldentlflcatmn 
I,, this manner) 1s Inherently capable of 
ldentlfymg only two separate statmns. It be- 
came necessary to adopt an entuely new 
phllosophyof ,dent,fymg the DME transponder. 

Inasmuch as the VOR transmitter pro- 
v,des the pllot with pos,t,ve statmn ldentlh- 
cat,on through either a Morse code or voice 
channel, pos,tlve Identlf,catmn of the Dh4E 
transponder as the particular transponder 
associated with the ldentlfymg VOR could be 
accomplished through some sort of synchro- 

6R Borden. C C 
E C W&:ms, ‘I 

Trout, and 
Evaluation of lOO-Channel 

D,stance Measurmg Equpment,” Techmcal 
Development Report No 119, July 1950 

nlzatmn between the two equipments at the 
ground statmn The problem then would re- 
solve Itself mto determmmg III the airplane 
whether this synchronlzatmn exxsted. With 
such a system, a sxnple OFF-ON mdlcatmn 
could be employed. The Identlficatlon mfor- 
matmn transrmtted by the VOR transmitter 
occurs at regular mtervals and 1s controlled 
by a keyer This keyer 1s driven by a non- 
synchronous alternatmg-current (ac) Inductvan 
motor If keymg of the third pulse at the 
DME transponder bore a defnute relatmn- 
ship m time to keymg of the Morse code or 
voice from the VOR. the combmed Ident>- 
ficatmn signals heard through the p&at’s 
headset would bear this same relatmnshlp. 
The VOR keyer motor 1s nonsynchronous 
If the aIrborne VOR receiver should be 
tuned to some statmn other than that to 
which the alrborne Dh4E interrogator 1s 
tuned, then the tune relatmnshlp between 
rece,pt of the VOR Ident,flcatmn mformatlon 
and receipt of the DME Identlficatlon mfor- 
matIon as heard III the pilot’s headset would 
vary. that 1s. the two ldentlflcatmns would 
drift w,th respect to each other 



Fig. 4 Basic AIrborne Identlftcatlan Crrcuts 

SYNCHRONOUS KEYING SYSTEMS 

Five methods employmg synchronous 
techniques were proposed Each was mnple- 
mented, and sample Identlhcatmn slgnals 
were recorded and evaluated The five 
methods are ldentlfxd as follows 

Method I - Beat Tone 
Method II -Chopped lOZO-cps Tone 
Method III -Canceled IOZO-cps Tone 
Method IV - 400-cps Tone 
Method V -Code Bracketmg Tone 

The means for mnplementmg these five 
schemes are essentially ldentlcal. The basic 
zurborne cmcutry 1s shown In Fig 4. The 
method of keymg the VOR and DME ground 

statmns 1s shown m Fig. 5. and a mew of the 
comblnedVOR-DMEi keyer 1s shown 1nF1g 6. 
Fig 7 1s a graphlcal presentation of the five 
coding methods 

Method I -Beat Tone. 
The first proposal prescribed that the 

DMFi transponder third pulse be keyed for a 
period of one second nnmedlately following 
transmlsslon of the VOR code letters This 
would be accompllshed by a separate cam on 
the shaft of the VOR keying motor During 
the tune when the DME transponder 1s trans - 
mlttlng third pulses. the VOR ldentlflcatlon 
channel transmits a IOZO-cps conttnuous tone 
See Fig 5A In the aircraft, reception of the 



Fig 5 Method of Keymg VOR and DME 
Ground StatIon 

ldentlflcatmn pulse causes the operation of 
the identlficatlon relay In such a way as to 
m]ect a400-cps tone Into the pilot’s headset 
See Fig 4A This, of course. occurs smul- 
taneously with the 1020-cps tones transmltted 
on the VOR Identlflcatlon channel Mlxmg of 
these two tones results In a beat note Thus 
when the aIrborne VOR receiver and DME 
Interrogator are tuned to the same ground 
statlon, the full ldentlficatmn slgnal consists 
of the statmn call letters m Morse code at 
1020 cps followed by a dash of one second In 
duratmn at a beat tone of about 600 cps. If 
for some reason the VOR receiver and the 
DME Interrogator are tuned to different 
ground statIons, the call letters of the VOR 
transmitter ~111 be heard and will be fol- 
lowed by a 1020-cps tone of one second 
duratmn, however, due to lack of synchrom- 
eatmn. the 400-cps tone lmtlated by receptxon 
of the Dh4E Identlflcation pulses ~111 not 

necessarllyoccur at theproper trne but may 
be heard at any trne during the entlre code 
cycle and at adlfferent tnne durmg eachsuc- 
cessLve code cycle, See Fig 7, Method I 
It was felt that such a condltmn would be 
xnmedlately apparent to the pllot and would 
permit hxc to take steps to check his VOR 
and DME tunmg 

It 1s a well-known fact that tonal per- 
ceptmn varies a great deal with the mdlvld- 
ual As a matter of fact, many persons are 
almost completely tone deaf This raised 
the questmn as to the practxablllty of de- 
pendmg upon tonal perceptIon to ldentlfy the 
DME ground statIon In an effort to deter- 
mme the valldlty of this problem. a number 
of recordmgs of rmxed tones were made 
These recordings were played back to a num- 
ber of listeners who were asked to distmgush 
between pure 1020-cps tones, pure 400-cps 
tones. comcldent 1020- and 400-cps tones, 
and partially comcldent 1020- and 400-cps 
tones Any of these comblnatlons might be 
created m operatmn of such an ldentlflcatmn 
system, dependmg upon proper or rnproper 
tunmg of the DME and upon the level of the 
traffic load The ability to recogmze whether 
a particular combmatmn represents the 
proper code 1s essential to the satisfactory 
use of the beat tone system Examples of 
various code signals and how they rmght be 
produced m the pllot’s headset are as follows 

1 Pure 400-cps tone If the alrborne 
VOR receiver and the DME Interrogator are 
tuned to different statmns. there IS no con- 
stant relatmnshlp m tune between receptmn 
of the one-second. 1020-cps tone transmitted 
by the VOR and the one-second. 400-cps tone 
generated m the mterrogator The 400-cps 
tone 1s generated as a result of receptmn of 
the one-second tram of DME ldentlflcatmn 
pulses Thus, the 400-cps tone could occur 
at any tnne durmg the code cycle. 

2. Pure 1020-cps tone (Same as Item1 ) 
3 Comctdent tone Such a tone would be 

generated when the VOR receiver and DME 
Interrogator are both tuned to the same 
ground statmn In actual operatmn. unless 
the transmissmn of the third pulse 1s mitl- 
ated somewhat before the start of the one- 
second, lOZO-cps tone. the combmed tone 
heard m the airplane would start with a frac- 
tmn of a second of pure 1020-cps tone prmr 
to productmn of the beat tone This would be 
caused bythe mtegratmn tune of the alrborne 
DME codmg clrcult In order to elxmnate 
thx. the duratmn of the third pulse DME. 
keymg permd on the ground should be approx- 
lmately l/3 second longer than the duratmn 
of the 1020-cps keymg of the VOR and should 
precede the VOR heymg by thus amount of 
tmnr 



Fig. 6 Combmed VOR-DME Keyer 

4. Partlallycomcldent 1020- and 400-cps 
tones If the provlslon descslbed In Item 3 
were made, this type of ldentlficatlon signal 
would be heard only when the VOR receiver 
and DME mterrogator were tuned to different 
statzons and while the nonsynchronous 
400-cps tone 1s drlftmg through the 1020-cps 
VOR tone. 

It was found that very few listeners 
were able to dlstmghlsh between pure tones 
and blended tones or to dIfferentlate between 
perfectly colncldent tones and partially co- 
mcldent tones when the percentage of come+ 
dence was high (80 per cent or more) 

Method II - Chopped Tone 
In an effort to create a beat tone more 

readily dlstmgushable from a pure 1020- or 
400-cps tone, a number of frequencies other 
than 400 cps were used to represent the 
DME-generated Identlflcatlon slgnal After 
conslderable experunentatlon It was noted 
that very low beat tones, those created by 
employmg a DME-generated tone very close 
to 1020 cps, were quite easily recognized 
Smce a tone of such frequency cannot be 
conveniently supplled by the DME mterroga- 
tar, an alternatlve method of achlevmg the 
same effect was mvestlgated. In this case 
operatlon of the Identlflcatxon clrcut (so far 

as the VOR channel was concerned) remamed 
unchanged, as did operatmn of the trans- 
ponder third pulse keyer on the ground The 
only modlfxatmn was made In the alrborne 
equipment. Upon reception of ldentlflcatmn 
pulses from the transponder. the ldentlflca- 
tlon relay was made to operate as a vibrator 
at a rate of about 20 cps. See Fig. 4B. When 
the DME 1s properly tuned, the 1020-cps 
dashIs Interrupted at the vibrator frequency. 
since the VOR code mformatlon (Morse code 
and one-second dash) 1s fed to the pilot’s 
headset through the normally closed contacts 
of this relay durmg the DME codmg period 
This 1s Illustrated m F’lg 7. Method II The 
large maJorlty of listeners stated a defmlte 
preference for this type of ldentlflcatmn 
slgnal. and an exammatmn of the listeners’ 
ablhty to dlfferentlate between proper and 
unproper codes, usmg this method, Indicated 
that It IS far superior to that evidenced with 
the beat tone method The chopped tone 
method has two pnmary disadvantages 

1. It comphcates the alrborne ldentlfzca- 
t1on c1rcutry 

2. It demands that the IOZO-cps. one- 
seconddash be transmltted on the VOR 
channel. It should be noted that this 
disadvantage IS also common to the 
beat tone method prevmusly descrtbed 



Fig 7 GraphIcal Present&Ion of Five 3-Pulse Codmg Methods (Two Successive Cycles) 

A number of pllots who have flown the VOR 
system extensively, m the absence of DME. 
reported that the addItIona 1020~cps dash 
followng the code letters 1s extremely 
annoymg and can be confused easily with the 
letter T. 

Method III - Canceled Tone. 
In order to reduce the complexity of the 

alrborne ldentlflcatlonclrcult, a thlrdmethod 
of operatmg the Identlf,catmn channel was 
mvestlgated. AgaIn. Insofar as operatmn of 
the ldentlf,cat,on channel on the ground (both 
VOR transmitter and DME transponder) 1s 
concerned. this method 1s ldentlcal with the 
beat tone method However, upon receptmn 
of the third pulse in the mterrogator the 
contacts of the ldentlflcatlon relay which 
carry the VOR Identlflcatmn InformatIon to 
the pllot’s headset are opened See Fig 4C 
Therefore. when the DME and VOR are both 
tuned to the same ground statvan, the pIlot 
hears only the statmn call letters I,, Morse 
code and nothmg else If any portmn of a 
1020-cps tone other than that contamed ,n 
the statmn call letters 1s heard. the xnplxa- 

tmn 1s clear that the DM!Z and VOR receiver 
are tuned to different ground statlons This 
,s shown u, Fxg 7, Method III The hsteners’ 
ablllty to dIfferentlate between proper and 
rnproper codes by thts method was shown to 
be supermr to that demonstrated with erther 
the beat tone 07 chopped tonemethods. Agam 
there were two pru-nary obJectmns 

1 Many persons felt that this system 
vmlated a bas,c pnnc~ple of safety by 
provldmg no slgnal in cases of normal 
operatmn 

2 Agam, a 1020-cps, one-second tone 1s 
requxred on the VOR channel, wh,ch 1s 
consIdered an lmposltmn on those 
flyers usmg VOR only 

Method IV - 400-cps Tone 
In order to elrnmate the obJectvan 

raised by pllots usmg VOR only, a system 
was set up ldentlcal both on the ground and 
m the air to the beat tone system except that 
the one-second, lOzO-cps tone on the VOR 
channel was omitted See Figs 4A and SB. 
In this case the proper ldentlflcatmn signal 
consisted of the VOR Morse code call letters 
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at 1020 cps whxh call letters were mrned~- 
ately followed by a pure 400-cps tone of one 
second duration. as presented In Fig 7. 
Method IV If the VOR receiver and DMFi 
mtprrogator are tuned to different statIons 
the 400-cps tone ~111 not necessarily follow 
munedlately after the statmn call letters, 
thereby provldmg an mdlcatlon of xnproper 
tunmg A serious obJectIon which can be 
raised m connectIon with this method 1s that, 
m the event of xnproper tunmg, several com- 
plete code cycles may pass before the pIlot 
can be sure whether the tunmg 1s proper or 
Improper. Varlatlon m the startmg time of 
the 400-cps dash as heard m the alrplane and 
a relatively slow drift of the keymg motors 
at the various VOR statmns aggravate this 
sltuatmn This obJectIon 1s not valid in the 
case of any of the three previously described 
methods, smce the IOZO-cps dash generated 
by the VOR serves as an unvarymg txne 
base for ready comparxon and detectIon of 
drift 

Method V - Code-Bracketmg Tone 
To overcome the ObJectlon to MethodIV. 

transmlsslon of the thud-pulse tram was 
spht Into two separate transmlsslons, each 
approxunately 0.7 seconds m duration See 
Fig. 5C As a result. two 400-cps dashes 
are heard m the pllot’s headset The first 
of these dashes 1s heard Just prior to recep- 
tlon of the statmn call letters, and the second 
1s heardJust followmg receptmn of the statlon 
call letters. See Fig 7, Method V An 
alternate method of achlevmg the same effect 
would be to employ a smgle 400-cps dash of 
sufhclent duratmn to fill completely the gap 
between the end of one code and the start of 
the next In either case It 1s obvious that 
any small drift of the 400-cps tones wLth 
respect to the statmn call letters ~111 result 
m garblmg of the code letters regardless of 
the dlrectlon of drift. The large majority of 
listeners consIdered thx method superior to 
any of those previously described. As a 
result. a code-bracketing method was rec- 
ommended for adoptlon both domestlcally and 
abroad. Before final recommendation as a 
standard system for DME Identlflcatlon. 
Method V was thoroughly exarmned both m 
the laboratory and In ihght tests 

At the request of the InternatIonal Clvll 
Avlatmn Orgamzatlon (ICAO). a number of 
laboratory tests were conducted to determme 
the ultunate traffic handlmg capacity of this 
method Speclflc mformatlon requested by 
the Unlted States ICAO representative was as 
follows 

1 Output dash length-dduratlon of dash 
as heard m the pIlot’s headset 

2. Integratlontrne - time between Inltla- 

tlon of the th,rd-pulse transmlsslon on 
the ground and mltlatlon of the 400-cps 
tone in the pilot’s headset 

3 Effective width of the Identlflcatlon 
gate in the alrborne equpment 

This mformatlon was to be obtamed with a 
0.7-second dash transmitted from the ground 
transponder as proposed m the split tone 
method. The condltmns under which these 
tests were to be performedwere tosrnulate, 
as nearly as possible, full traffic loadmg on 
the DME system with the arcraft m recep- 
tlon range uf several ground transponders 
For thla reason the “fruit” (random pulse) 
levels were to be held as high as possible, 
with a count-down of the desired replxs to 
50 per cent It was not possible with the 
equipment avaIlable to achieve these condo- 
tlons fully, however, the maxrnum fruit 
levels and mmmmrn transponder efflclency 
of 70 per cent which was used approximates 
r at h e r severe environmental condltmns, 
when consldered on the basis of practxal 
Dh4EZ usage m the foreseeable future 

Smce the tune of release of the au-- 
borne ldentlflcatlon relay adds to the length 
of the dash as actually heard by the pllot, 
this tune was measured and should be con- 
sldered m the over-all operation of the 
system. By the time these tests were per- 
formed, a second model of a loo-channel 
Interrogator was avaIlable This umt was 
developed by the Federal Telecommumcatlon 
LaboratorIes, Inc , and 1 s tdentlfled as 
Model DIA Measurements were made on 
both the DIA mterrogator and the earlier 
Hazeltme Model 1459 Interrogator 

In order to measure the characterls- 
tics of the ldentlflcatmn clrcults of these two 
types of exlstmg DME Interrogators, each 
was set up m the laboratory under condltlons 
slmulatmg actual operation It was necessary 
to deviate m certam mstances because of 
equipment lrmtatmns which ~111 be des- 
crxbed later. The measurements were made 
on both kmds of equpment in a sunllar 
manner, and the arrangement dxffered only 
m the method of furmshmg the proper slgnal 
to the ldentxflcatlon clrcults It wxll be noted 
m Figs 8 and 9 that the high-speed chrono- 
scope with Its start-stop adapter was arranged 
so that several different trne Intervals could 
be measured by connectmg It to relays or 
contacts m the equpment under test The 
points of connectlonand the actual time mter- 
valmeasured m each test for bothmterroga- 
tors are described below 

Output Dash Length 
The chronoscope was connected to the 

normally open contacts of the code relay in 
the mterrogator and was adJusted to meilsnre 
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Fig. 0 Identthcatlon Test Setup, Haeeltme Interrogator 

the Interval durmg which these contacts were 
closed. This measurement is the length of 
the 400-cps tone heard 1x1 the pllot’s headset 

Duration of Closed Keyer Switch 
The chronoscope was connected to the 

normally open contacts of the cam-actuated 
switch m the Type CA-1296osclllator-keyer. 
and the trne that It remaned closed was 
measured This txne should equal the length 
of tune of transmlsslon of the thlrd(or Iden- 
tlflcatmn) pulse from the transponder, with 
a tolerance of plus zero and rmnus a mu,- 
mum of 0.066 second 

Integratmn Time 
The start-stopadapter was used m this 

test, and the actual elapsed tune from the 
closmg of the normally open contacts m the 
cam-actuated swatch In the oscillator-keyer 
to the closmg of the normally open contacts 
of the code relay was measured This txne 
should equal the time from the begmnmg of 
the third pulse transmlssmn to the begmmng 
of the tone m the pilot’s headset, with a 
tolerance of plus zero and mmus a maxrnum 
of 0 033 second. 

Tone Relay Release Time 
The start-stop adapter was used. and 

the elapsed tune from the openmg of the nor- 
mally open contacts of the cam-operated 
swtch m the oscillator-keyer to the openmg 
of the normally open contacts of the code or 
Identlflcatlon relay m the Interrogator was 
measured This txoe measurement equals 
the tune from the end of transmlsslon of 
ldentlficatmn pulses from the transponder to 
the end of the tone m the pllot’s headset, 
with a tolerance of plus zero and mmus a 
maxnnum of 0 033 second 

The Haeeltme Model 1459 mterrogator 
was operated m a normal manner agamst a 
Haeeltme Model 1364A transponder m the 
laboratory, and the Type CA-1296 osclllator- 
keyer was connected to the transponder m a 
normal manner In order to key the third 
pulse transmlssmn Fig 8 shows the ar- 
rangement of the equpment used The 
addItIona traffic load on the transponder was 
swnulated by adJustment of the gam stabIll- 
eation and IntermedIate-frequency gam con- 
trols m the transponder receiver m such a 
manner that sufflclent noise tnggenng of the 
transponder was produced to create the 



Fig. 9 Identlflcatlon Test Setup, Federal Interrogator 

desired number of transponder rephes The 
number of replies was counted by connectmg 
the pulse counter to the proper transmitter 
video clrcults Addltmnal nonsynchronous 
rephes of ,mproper spacmg were prov,ded 
by msertmn of a T-flttmgin the mterrogator 
antenna transmlssmn lme and by connectmg 
the double pulse sIgna generator at this 
pant. The double pulse slgnal generator was 
then adjusted to the proper rate by means of 
the pulse counter 

Due to the fact that a model of the 
Federal DIA mterrogator was loaned for 
these tests before complete testmg and ad- 
JUStme,-,t of the radm-frequency components 
had been completed at the factory, It was 
necessary to modify the method of signal 
mJectmn durmg the tests on thx umt The 
arrangement 1s shown III Fig. 9 The signals 
supplled to the mterrogator under test we?e 
at video frequenaes, s.u,ce the equpment 
would not functmn with the transponder 
ava&,ble The transponder video clrcuts 
were used to produce frut pulses of the 
proper spacing. with the output of the trans- 
ponder removed before modulation of the 
radm-frequency clrcuts The properly 
synchronized reply signal was furnished 

as a smgle pulse by the double pulse slgnal 
generator and was fed Into the mterrogator 
video clrcults beyond the pomt of decodmg. 
In the m]ectmn of the signals care was 
exercised to prevent effects wh,ch would 
disturb the normal operation of the mterro- 
@cr. ln order to provide data which would 
snnulate that obtamed III normal operatmn 
agamst a transponder. 

The effective width of the third pulse 
gate was measured 1x1 both types of equp- 
ment by dlsplacmg the third pulse from Its 
proper spacmg and by measurmg the dls- 
placement lmnts This method actually pro- 
vlded a measurement of the spacmg tolerance 
of the mterrogator. The arrangement of 
equpment between the two Interrogators 
dlffered because of the dxfferent methods of 
SIgnal '"J'CtlOn. 

In the case of the Hazeltme Model 1461 
Interrogator. the ldent,flcatmn pulse co11 
III the moder delay hne 1x1 the transponder 
was displaced mechamcally to the hmlts 
of operatmn of the ldentlflcatlon relay, 
and the distance was carefully measured 
between these two pomts Relaymg upon 
the velocity of transmrssmn of signals 11, 
the hne as 0 186 Inch per rmcrosecond 
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Fig 10 Test Setup for Determmmg Codmg 
Gate Width, Federal Interrogator 

(5 38 mIcroseconds per Inch), the actual 
tnne delay was calculated. 

For the effective gate width measure- 
ment on the Federal Type DIA Interrogator, 
It was necessary to use the arrangement 
shown m Fig 10 The strobe (or gate) 
clrcults were disabled to prevent search or 
track so that the third pulse gate remamed 
stationary, and signals were Introduced from 
a signal generator to cause operatmn of the 
Identlflcatmn relaywhen wlthm the gate The 
pulse so Introduced then was displaced by 
mampulat~on of the proper delay control, and 
the lrmts of operation were measured with 
the calibrated strobe m aDuMontType 256-D 
synchroscope. 

Smce effects produced by the frut 
pulses and especially the count-down were 
of a random nature, a number of readmgs 
were taken m each case, and an average for 
all readmgs was calculatea The high and 
low hmlt readlnds also are furrnshed In the 
followmg data cornpIled on the two types of 
equpment 

HAZELTINE MODEL 1459 
INTERROGATOR 

Output Dash Length 

Transponder load 1 xi-craft 
Improperly spaced frut 0 
Transponder efflclency 100 per cent 
Duration kever switch closed 0 68 second 

Number of readmgs 10 
Dash length 0 52 second, average 

0 54 second, high hmlt 
0 50 second, low lxrnt 

Transponder load 41 aircraft 
Improperly spaced frut 0 
Transponder efflcxency 70 per cent, 
approxmlate1y 
Duration keyer switch closed 0 68 second 
Number of readmgs 20 
Dash length 0 34 second, average 

0.46 second, high lmxt 
0 26 second, low lmnt 

Transponder load 41 alrcraft 
Improperly spaced fruit 1500 pulse pairs 
per second 
Transponder efflclency 70 per cent, 
approxmlate1y 
Duration keyer switch closed 0 6.3 second 
Number of readmgs 20 
Dash length 0 36 second, average 

0 50 second, high lxmt 
0 25 second, low hmlt 

Nate The apparent lnconslstency of the 
data 1s due to the random nature of the 
readmgs The 0 02 second mcrease In 
average dash length upon the addltmn of 
1500 addItIona pulse pars has been assumed 
to mdlcate no change. Due to the rather 
extreme dash shortenmg at high traffic 
levels, It would appear that a larger Inltxal 
dash length should be employed and that the 
two dashes be permltted to overlap In the 
case of short codmg cycles 

Integratmn Time 

Transponder load 1 arcraft 
Improperly spaced frut 0 
Transponder efflclency 100 per cent 
Number of readmgs 10 
Integratmn tune 0 31 second, average 

0.32 second. high hmlt 
0 30 second, low lxnlt 

Transponder load 41 alrcraft 
Improperly spaced fruit 0 
Transponder efflclency 70 per cent, 
approximately 
Number of readmgs 20 
Integration time 0 43 second, average 

0 60 second, high lumt 
0 32 second, low llmlt 

Transponder load 41 aIrcraft 
Improperly spaced frut 1500 pulse pairs 
per second 
Transponder efflclency 70 per cent, 
approxunate1y 
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Number of readmgs 20 
Integration time 0 43 second, average 

0 59 second, high lrnlt 
0 32 second, low llmlt 

and the tone relay release trne bemg too 
short 

Integration Txne 

Tone Relay Release Txne 

Number of readmes 10 

Transponder load 1 aircraft 
Improperly spaced fruit 0 
Transnonder efflclencv 100 per cent 

Release tmne 0 16 second, average Number of readmgs io - 
0 17 second. high llmlt lntegratmn time 0 124 second, average 
0 15 second, low lxnlt 0 170 second, high lxnlt 

Effective Identlflcatmn Gate Width 

Gate width 4 5 mIcroseconds 

Note Under the condltxons of a load of 41 
arcraft on the transponder and 1500 pulse 
pairs per second of Improperly spaced fruit. 
no varlatmn of the effective gate width could 
be observed 

FEDERAL MODEL DIA 
INTERROGATOR 

Output Dash Length 

Transponder load 1 arcraft 
Improperly spaced fruit 0 
Transponder efflclency 100 per cent 
Duratmn keyer switch closed 0 68 second 
Number of readmgs 11 
Dash length 0 618 second, average 

0 670 second. high lmnt 
0 550 second, low llmlt 

Transponder load 41 arcraft 
Improperly spaced fruit 0 
Transponder efflclency 70 per cent, 
approxxmately 
Duration keyer switch closed 0 68 second 
Number of readmgs 21 
Dash length 0 480 second, average 

0 610 second, high llmlt 
0 190 second, low hmlt 

Transponder load 41 arcraft 
Improperly spaced fruit 1500 pulse pairs 
per second 
Transponder efftclency 70 per cent, 
approximately 
Duration keyer switch closed 0 68 second 
Number of readings 21 
Dash length 0 479 second, average 

0 630 second, high lxmt 
0.330 second, low lrmt 

Note The output dashexhlblted some erratic 
operatmnunder all candltlons of a41-alrcraft 
load on the transponder. Agam It appears 
that a longer nntlal dash length 1s desirable. 
This 1s attributed to both the mtegratlon time 

0 100 second. low lxmt 
Transponder load 41 axcraft 
Improperly spaced fruit 0 
Transponder efficiency 70 per cent, 
approxmlate1y 
Number of readings 20 
Integratlan time 0 147 second. average 

0 270 second, high limit 
0 080 second. low hmlt 

Transponder load 41 alrcraft 
Improperly spaced fruit 1500 pulse pairs 
per second 
Transponder efflclency 70 per cent, 
approximately 
Number of readmgs 33 
Integratmn time 0 200 second. average 

0 540 second, high hmlt 
0.080 second, low lrmt 

Tone Relay Release Trne 

Number of readmgs 10 
Release txne 0 112 second, average 

0 120 second, high llmlt 
0 100 second, low lxmt 

Effective Identlflcatmn Gate Width 

Gate width 3 0 rmcroseconds 

Note Under the condltlons of a load on the 
transponder of 41 arcraft and 1500 pulse 
pa,rs per second of rnproperly spaced fruit, 
no varlatmn of the effectlve gate width could 
be measured 

It might be noted that the erratic 
operatmn mentmnedabove In the test on out- 
put dash length for the Federal Model DIA 
Interrogator consIsted of two dlstmct types 
of undeszrable operatmn. The first WAS the 
momentary closmg of the tone relay at txnes 
other thandurmg the dash transrmss~on from 
the transponder The closmg of the tone 
relay at an xnproper txne produced m the 
headset a tone of approximately 0 1 second 
or less duratmn. This rnproper tmnng of 
the tone would confuse a pIlot The second 
was the momentary openmg of the tone relay 
during the dash transmlsslon caused by mo- 
mentary loss of sufflclent replIes from the 
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transponder This condltlon caused the dash 
to be broken up and was Judged to be unsult- 
able for proper Identlflcatmn use Further 
tests to determme the maxmum amount of 
traffic, which such an arrangement would 
tolerate, revealed that the output dashes 
were completely s&d at a load of approxl- 
mately 20 alrcraft on the transponder and 
that they were Judged usable at a load of 
approxmnately 27 axcraft The output dashes 
were consldered usable If 90 per cent were 
perfect 

IDENTIFICATION OF UNASSOCIATED 
TRANSPONDERS 

The code-bracketmg method of DME 
ldentlflcatlon has been recommended as 
standard m all cases where the DME trans- 
ponder IS associated with either a VOR or 
ILS mstallatlon Where DME transponders 
are Installed as smgle faclhtles, as “111 be 
the case m many localltles abroad, a special 
mdepen+ent ldentlflcatmn code 1s to be em- 
ployed The characterlstlcs of the mde- 
pendent Identlfxatxon sxgnal shall be as 
follows 

1 The IdentIty slgnal shall compose two 
groups of mark signals, each group 
having one to five marks 

2 MarksIgnals and the mtervals between 
marks formIng a group shall be 
0 75 + 0 1 second m duratmn The 
varlatmn In the duration of marks and 
the Intervals wlthm any complete tden- 
tlty group shall not exceed 0 1 second 
The Interval between the end of the 
last mark of the first group and the 
start of the first mark of the second 
group shall be 2 5 * 0 4 seconds 

3 A mark “111 be created by transmls- 
slon of three pulse replxs for the 
stated period 

Implementation of either the Independent or 
associated Identxflcatmn code at any given 
DME transponder shall be guided by the fol- 
lowmg factors 

1. The Independent ldentlflcatlon code 
shall be employed wherever a trans- 
ponder 1s not speclflcally associated 
with a VHF navIgatIona faclhty 

2 Wherever a transponder ls speclflcally 
associated with a VHF navIgatIona 
faclllty. ldentlficatmn shall be pro- 

7 Report of the Fourth Sessmn. Com- 
mumcatlons Dlvlslon. ICAO. Dot 7171- 
COM/544, Montreal. 1951. pp; 99-101. 

vlded by the Independent code. by the 
associated code, or by both 

3. The Independent Identlflcatlon code 
shall be employed wherever a trans- 
ponder 1s required to provxde service 
for arcraft not fltted with VHF air- 
borne navIgatIona equipment w hl c h 
could provide the associated Identlfl- 
catlon code 

PROPOSED ULTIMATE 
IDENTIFICATION SYSTEM 

During the dehberatmns of RTCA 
Special CommIttee 40, an extremely flexible 
and entirely Independent of Dh4E 
ldentlflcatlon was proposed 

yeans 
This method 

1s Intended for lmplementatlon with trans- 
ponders operatmg unassociated w;vlth VHF 
faclhtles, as well as with those Installed m 
conjunction with either a VOR or ILS. In the 
arcraft. this system IS to provide a specml 
ldentlflcatlon mdlcator which “111 automatl- 
tally display the statIon call letters through 
decodmg of data transrmtted on the DME 
channel only It 1s proposed that the third 
pulse replyfrom the transponder durmg Iden- 
tlflcatmn permds be spaced either 10 5 or 
24 5m1croseconds followlngthe second reply 
pulse, one of these spacings denotmg a mark 
and the other a space By provldmg a se- 
quence of 15 such marks or spaces, each of 
one second duration, a complete code cycle 
can be transmitted every 15 seconds. Usmg 
a bmary type of decoder, the particular com- 
bmatlon of marks and spaces canbe converted 
to any combmatlon of three letters, dependmg 
upon the particular sequence transmitter. 
Such a system will require two ldenttlficatmn 
gates m the arcraft In addltlon to the bmary 
decoder and either clrcults or mechamsms 
for operatmg the final display It is beheved 
that the addItIona requirements Imposed on 
the aIrborne equipment and the added duty 
cycle xnposed on the transponder do notwar- 
rant the lmplementatmn of such a system In 
the near future 

CONCLUSIONS 

It is concluded that a code-bracketmg 
method of DME ldentlflcatlon “111 serve as a 
suitable means for ldentlfymg DhJE trans- 
ponders for the foreseeable future. It 1s be- 
heved that by the trne this method becomes 
obsolete due to traffic handling llmltat~ons, 
newer DME designs and techmques “111 also 

8 RTCA Paper 121-48/DO-24. op clt -- 
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have made obsolete the present-dayalrborne at the Fourth Sessmn, Commumcatmns 
mterrogators, and It ,s also beheved that an D,v,s,on, ICAO, and a code-bracketmg method 
mproved and more flexible, yet compatible has been recommended for use by the mem- 
ldentlflcat,on system ~111 be mtroduced her states of that orgamzatmn at locatmns 

The results of these tests were fur- eqmpped with both DMFi transponders and 
rushed to the Umted States representatives, with either VOR or ILS 


