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IMPROVEMENT OF ECHO SUPPRESSION 
IN DME TRANSPONDERS+ 

SUMMARY 

Expper,ence gamed through the use of ground and amborne dxstance-measurmg equzpment 
has mdlcated that am/ground path echo svgnals can be responsible for occasmnal loss or erratic 
mdlcatmn of dxztance mformatmn when the mterrogator and transponder equpments are oper- 
atmg properly and when It IS known that mterragatmn and reply s,gnals are bemg received 
This report descrxbes the manner m which mterrogatmn-path echo signals affect the perform- 
ance of the transponder, and It mdlcates modlflcat,ons which i”ay be made to DME transponders 
to elwnmate the 111 effects of echo signals The techmques have been applied to the Model DTB 
transponders, but they are equally applicable to other distance-measurmg equipment 
transponders employmg pared pulses. 

INTRODUCTION 

Ground-statmn dmtance-measunng equipment (DME) transponders have been in 
commxssmned operatmn in the UnIted States for more than 7 years Model DTA transponders 
~vere mstalled along the New York to Chxago azrway Most of these were commlssmned m 
1950 Smce that tme, 450 of the newer Model DTB transponders ha”= been procured and 
approxmately 250 have been mstalled throughout the country. camnmsmned, and placed in 
conttlnuous operatmn Because only 13 Model DTA transponders were mstalled, this report 
concerns experwnce w,th certam performance characterlstlcs of the later Model DTB 
transponders 

It 1s noteworthy that the average out-of-servxe tnme for all of the comm~ssmned DTB 
transponder equipments 1s less than one per cent Although thm h,gh transponder equpment- 
r&&l+ f&or IS excellent, It 1s of lunlted slgn,fxance unless the over-all system 
performance rehablhty also 1s high 

Occasmnal reports ha”e been received whxch, after analysn. mdlcated that both the 
mterrogator and transponder eqmpments ,n”ol”ed were functmmng properly and that signals III 
reply to mterrogatmns were bang rece,“ed by the mterrogator. The symptoms of malfunc- 
tmmng were occasmnal lass of dxtance mformatmn and/or short-term errors ,n distance 
mdxatmn, both of whxh were xcompamed by frequent search operatmn of the Interrogator 
mdxator cmcults Subsequent studxs and m”estv&mn mdmated that multIpath mterrogatlon 
signals probably were responstble for the effects Numerous flzght tests on nearby DME facll- 
ItIes and observatmn of the rece,“ed mterrogatmn pulses I,, “arlous clrcults of the transponder 
equpment, as well as observatxon of the reply count, confirmed that under certam ccnddltmns 
echo sqnals resulted ,n reply count-down and/or a t,meJ'tter Consequently. an rwest1gatmn 
of the effect,“eness of the exlstmg transponder echo-suppressmn crrcmts was started This 
report descr,bes the results of th,s evaluatmn and shows that the type of echo suppressmn 
orvgmally provided 1s not suffmently effect,“e to prevent the effects noted 

RECEIVER AND ECHO-SUPPRESSION CIRCUIT 

Pulse codmg IS employed ,n the DME system for the prmclpal purposes of dlscrm-nmatmn 
agamst undesired s,gnals from other DME mterrogators operatmg on the same mnterrogatmn 
frequency but desmng distance mformatmn from another transponder. and for the preventlcn 
of mterference from other radar or beacon eqmpments It provides a h,gh measure of selec- 
tmty without reqmrmg excessl”ely complicated eqmpment and wIthout bemg wasteful of the 
radm-frequency (rf) spectrum. The DME system ut,lmes 10 mterrogatmn and 10 reply fre- 
quencxs In addltmn to the 100 channels pronded, further selectlvlty 1s affordedrby the use 
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Fig 1 Schematx of Receiver-Decoder Cucmts 

of pulses spaced at fl”,te Intervals The spacing assignments are I” Increments of 7 
mxroseconds, begInnIng with 14 microseconds and extending through 77 mxcroseconds The 
sum of the Interrogator pulse spacing and the reply pulse spaang IS 91 mxroseconds For 
example. a” interrogator operating on Mode A Interrogates with pulses spaced 14 m,croseco”ds 
apart, and It decodes replxes spaced 77 mIcroseconds apart 

The peak radiated power from the Interrogator antenna may be as high as approximately 
1 kllowatt (kw) from the Model DIA Interrogators, or It may be a “omxnal 500 watts from the 
later Models DIB, DIG. and DID ,“terrogators It 1s apparent that alrcraft “ear the ground 
transponders to whxh they are tu”ed ~111 provide the transponder rece,vers w,th exceptmnally 
strong 1nterrogatmn signals Echo szgnals whxh arrive at the ground statlo” over some 
mdlrect path (due to the Interrogator signals bang reflected from bmldlngs, power hnes, 
mountans. or other ob,ects), under certar” co”d,t,o”s, may affect the transponder performance 

A portro” of the Model DTB receiver-decoder clrcmt 1s reproduced I” F,g 1 to faczlltate 
a” ““derstandmg of Its “perat,““. Assummg that only due&-path lnterrogatm” svgnal pulses 
are present, tube V-306OA receives the video lnterrogatm” pulses from the receiver after they 
are processed by the l”terve”l”g echo-suppressm”, spike-ellmlnator. and ampllfrer clrcuts 
Th,s tube. functmnlng as a cathode follower. supplxs undelayed poslt,ve-polarity Interrogatm” 
pulses to the grid of V-3070 and to gr,d 3 of the comcxdence-detector tube V-3090 through a 
dlfferentmtlng network ca”sw,tmg of C-3093 and R-3094 The plate-load impedance for V-3070 
1s a delay-lme driver ~011. consequently. pulses appearing at the plate create a magnetic f&d 
about the ~011, resulting 1” propagatm” of magnetw energy toward the p~kup co11 L-1172 The 
s,g”al voltage generated ,n the pxkup ~011, wh,ch has bee” delayed with respect to the signal 
at the drrver co11 by virtue of the distance between the calls and the propertIes of the magneta- 
strlct,ve core materml, 1s amphfied by V-308OA and 1s applxd to grid 1 of the colncldence 
detector The functmnmg of the colncldence detector V-3090 1s apparent from F,g 1 whxh 
shows that the first r”tterrogatm” pulse passes through the delay channel and arr,ves at one 
grid of the cmncidence detectpr at the same Instant that the second xnterrogatm” pulse arrives 
at the other detector grid through the undelayed channel, provided that the delay through the 
delayed channel 1s exactly equal to the spacing of the two Interrogatm” pulses Under these 
condltmns, the pulse appeanng at the plate of V-3090 IS “t&zed to lnltlate a dead-time gate 
durmg whxh ttme the reply pulses are transmitted. 

It ,s Important to note that the network co”s,stl”g af C-3093 and R-3094 functmns to 
“arrow the undelayed pulses by dlfferentxatm” and thereby provides the prmclpal control over 
the pulse-spacmg decodmg tolerance The waveform of the dlfferentlated srgnal 1s shown I” 
Fig 2 

A DME interrogator was operated I” a nearby laboratory to obtal” strong echo signals 
The d,rect- and mdrrect-path echo s,g”als recaved are xllustrated I” A on Fig 3 Thxs figure 
also shows the relative amplitudes of both signals It 1s apparent that strong echo signals were 
received Just prmr to the second direct-path lnterrogatlo” pulse The dtfferentmted undelayed 
pulses corresponding to the direct- and echo-path signals I” A on Fig. 3 are shown I” B on 
F,g 3. It IS pert,“e”t to note that the “e&we overshoot resultxng from the echo slgnal lmmedl- 
ately precedmg the second direct-path lnterrogatm” pulse occurred, ,” time, at the posltlon of the 
second dxect-path lnterrogatlo” pulse Under these cxrcumstances, because the polarity of the 
two slg”als IS opposite, whole “I partml cancellatm” of the desued mterrogatm” pulse Oc’=“rS, 
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F,g 2 Undelayed Waveform at Grid 3 of Comc~dence Detector 

dependmg on the exact spacmg and amphtude of the echo s,gnal Because decod,ng of the 
des,red signals cannot occur ,f the undelayed pulse ,s too low ,n ampl,tude or IS cancelled out, 
a f,rst effect ,s noted ,n wh,ch the transponder ~111 not transm,t a reply par for each ,nterroga- 
tmn par for the duratmn of the specified echo-s,gnal cond,t,pns. and count-down of vary,ng 
degrees occurs. 

When an arcraft IS I” fl,ght, the phase of the ,nd,rect-path signal cont,nuously var,es 
w,th respect to the phase of the d,rect-path s,gnal, and there 1s fluctuatmn of ampl,tude of the 
pulses as well as var,atmn I” t,me spacmg between the second d,rect-path pulse and precedmg 
echo pulses Under these cond,t,ons. count-down may persrst ,n wdely vary,ng degrees for 
long permds of t,me. 

A second effect of falure to decode d,rect-mterrogatmn pulses under the foregomg 
cond,t,ons 1s t,“e-J’tter which usually occurs ,n C0”Ju”CtlO” w,th count-down If a” echo pulse 
ex,sts w,th,n approximately 2 5 mIcroseconds preced,ng the second d,rect-,nterrogat,on pulse, 
and ,f ,t ,s less than approx,mately 20 dectbels (db) down with respect to the d,rect pulse, no 
decodmg of the d,rect pulses w,ll occur but decod,ng of an echo pa,r ~111 occur on the first 
s,gnals when the rat” of max,mum s,gnal to adJace,,t precedmg s,gnal amphtudes 1s in excess 
of apprcwmately 20 db Because the t,me and ampl,tude dxstrlbutmn of echo s,gnals under 
fhght cond,tmns are essentially at random and constantly changmg, the instantaneous mterval 
between ,nterrogat,on and receptmn of the resultrig reply may vary as much as 20 to 30 
m,croseconds 

In pract,ce, th,s t,“e-JLtter may or may not affect the accuracy of d,stance “form&on 
For example, ,f the mterrogator rece,ves about 50 per cent undelayed reply pulses, the track- 
mg gate probably w,ll stay locked on the f,rst reply par The probability of the mterragator 
lackmg on the delayed reply pulses ,ncreases w,th the percentage of delayed pulses The behav- 
,or of the transponder-decoder c,rcu,ts when echo signals are present IS determmed largely 
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Fig 4 Schematw Diagram of Orlgmal DTB Echo-Suppressm” Clrcurt 

by the amplitude and spac,“g of echo pulses w,lth respect to the leadmg edge of the second 
direct-mterrogatmn pulse. It can be see” that transponders operating with wulde m”terrogatmn- 
spacmg modes are least susceptible to a/ground echo effects, however. such effects may 
become obJect,onable at modes 1” which the mterrogatmn-pulse spacmg 1s of the order of 14 
to LB microseconds 

The effects of echo signals are reduced zn the Model DTB transponder by the “per&o” of 
the echo-suppressvan circmt Thrs clrcmt 1s shown n, F,g. 4. Its operatmn 1s such that with 
the suppressmn clrcult switch S-3030 I” the ON positron. an mterrogatmn pulse at the cathode 
ot V-3010 IS apphed to grids 1 and 3 of V-3020 Condenser C-3020 charges through CR-3020 
durmg the pulse. After the pulse, C-3020 discharges through R-3020 and L-3020, producmg a 
damped wave. The mlDm1 negatwe swrmg drives V-3020 to cutoff, thus blockmg any echo pulse 
lmmedlately followng the mterrogatmn pulse As the ,vave returns above the cutoff voltage, 
echo signals are passed The gain of V-3020 must return to normal by the t,me the second 
.nterrogation pulse arrives The effect of the suppreesmn clrcmtry on echo signals IS ~llus- 
trated ,n Fig. 5 It IS see” that echo slg”als occurrrng immediately after the mterrogatmn 
pulses are suppressed effectwely and extraneous replies are prevented, however, the effect on 
subsequent echo signals between the two direct-path mterrogatmn pulses 1s reduced and 
becomes neghglble Just prmr to the second direct pulse, and count-down and/or Jitter may occur 

as prevmusly described. 

IMPROVED ECHO SUPPRESSION 

It has been shown that suppressmn of echo signals precedmg the second direct- 
mterrogatmn pulse by approximately 3 mxcroseconds 1s necessary to prevent count-down and 
J'tter Tests have mdlcated also that improvement m performance by modrfxatm” of the video 
portmn of the exrstmg clrcmtry 1s unlikely Because very little mformatmn 1s available to 
mdxate specific types of echo signals which are most troublesome. the problem IS best treated 
on the basis of munmlzmg the posslblhty of malfm-,ctmnmg due to echo signals of all types and 
characterlst,cs The max.mum freedom from echo-slgnal effects can be obtamed only by com- 
plete ellmmatmn of echo signals from the crltxal posltmns An effective method of accom- 

plmhmg this 1s through the appllcatm” of a negative gatmg pulse to one of the grids of the 
receiver lntermedlate-frequency strxp If a gatmg pulse of approprxate amphtude and 3 micro- 
seconds duratmn 1s applmd to the grid return of V-3560 as shown m Fvg. 6, and If It 1s posx- 
tmned to precede the second lnterrogatmn pulse by 3 microseconds. no echo signal will appear 
at the detector output because V-3560 IS driven to cutoff by the gatmg pulse In the absence of 
an mterfermg echo s,gnal. the decoder ,vwlll function normally w,th no Jitter effects ““less the 
dxrect-path mterragatm” signal level drops below the decodmg-threshold level momenttarlly 
due to loss of the direct sIgna The decoding clrcmts ~111 operate properly on the first pal= of 
pulses to be received whxh have the proper spacmg and the normal mln~mu,,, reqmred amphtude 
Succeeding echo pulses are Ignored effectively. 

Laboratory tests applymg thrs technique were conducted tn the manner Illustrated I,, Fxg 7 
It was not possxble to produce Jitter or count-down at any direct- or echo-slg”al level, or , 



Fig 5 Relative Amplitudes of Direct and Echo Signals wrth Echo-Suppressmn 
Circuits operatmg 

wrth eight-microsecond snnulated echo-sIgna pulses The wxde snmulated echo signals were 
applwd to determine the effects of sclld blocks of echo signals resultmg from possrble receiver 
saturat,on 

This type of suppression requmes a very high order of stablhty in the posltionmg of the 
gatmg pulse. This can be obtamed by posltmrung a,, addxtmml p’ckup toll on the decoder-delay 
lme on the side of the driver cm1 opposite the decoder-pxkup co11 Because the delay lme 1s 
temperature-controlled, the pulse posltmn will be held constant wltbm the lzmlts of other ~011s 
on the delay lme The pulse width xv111 be adequately constant because of the video lmmtmg m 
the prewous stages and the resultant constant ampl,tude of the driver pulses. A dual trmde 1s 
requmed to amphfy and Invert the pulse. Clrcuztry and component values may be chosen to 
shape or otherwlse control the pulse If requxred. Applxatmn of the gatmg pulse to the 

lr GAT’NG PUL5E - 2L.s 

Flg. 6 Partml Schematic of Recexver Intermediate Frequency Strxp 
Showng Applxatmn of Gatmg Pulse 
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I I I - z-s? 
Fzg 7 Test Setup for Determination of Effectiveness of Gatmg Pulse 

in Suppressmg Echoes 

mtermedlate-frequency strip through a shzelded lead from a pomt havmg a source impedance 
of less than 1000 ohms 1s desirable to mamtam fast pulse rse and decay mtervals The sug- 
gested method of lncorporatmg the required clrcmtry 1s given 1x1 general terms. A complete 
umt was not constructed because the experumental arrangement illustrated m Fig 7 establlshed 
the effectiveness of the techmque, and there IS msuffzclent ]ustlflcatmn for detalled modlhca- 
tmn mstructmns until the sermusness of the echo problem 1s firmly establlshed by analysis of 
field operational and user reports 

Conslderatmn was given to the effect of addltmn of the proposed negative echo-suppressmn 
gate upon the presently evaluated DME traffic-handling capacity m the presence of addltmnal 
transponders It may be assumed that the proposed 3-microsecond gate would be mltmted by 
each of approximately 5000 random noise pulses present at the decoder-delay lme with a 
normal automatic gam control (AGC) settmg Further, under condltmns of full traffic capauty.’ 
it may be assumed that 2475 pars of frut pulses per second (4950 pulses) could be received by 
the operatmg transponder and could Imtlate the 3-mxrosecond suppressmn gate It appears 
that this total of approxtmately 10.000 spurmus pulses could result m an addltmnal dead time 
of approximately 30,000 mlcroseconds per second An exammatmn mdlcates that the effect of 
the addltmnal 3 per cent random dead tmne upon transponder efflclency would be essentially 
lnelgnlflcant 

CONCLUSIONS 

Previous tests have shown that the orlgmal Model DTB echo-suppressmn cmcults are 
effective to a large degree for certain types of echo signals, therefore, all facllltles should be 
operated wzth the echo-suppressmn clrcults m operatmn. Echo signals of certarn types and 
spacmgs are not effectxvely dxscrmmnated agamst by the present clrcults. however Determm- 
atmn of the loss of dmtance mformatmn due to echo signals 1s not difficult, but special tech- 
mques are requred Reports on routme flight tests which consistently show loss of distance 
Information over the same areas should be regarded as a famly rehable mndlcatmn of echo 
effects Although the sermusness of the echo problem has not been establlshed on the basis of 
the percentage of the total number of operatmnal facllltms which are not provldlng satlsfactcry 
sermce due to echo-sIgna effects, sultable techmques for elmnmatmg such effects have been 
established, and mnplementatmn of the modlflcatmns can be accomphshed at relatively low cost 
If requred 

‘,,ANDB/DME C omponent Characterlstlcs,” Appendix C. DME Traffzc Handlmg Capacity. 
Air Navlgatmn Development Board. May 1, 1951 


