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REPORT ON COMPARATIVE TESTS OF EXISTING 
TERRAIN CLFXXIKE INDICATORS 

This deport describes the results of a number of flight tests conducted 
in sn effort to obtain relative evaluctione of the so-called Hughes radar 
type of terrain clearance indicator and the FM type of radio altimeter. These 
tests were conducted in the vicinity of Indianapolis, Indiens, and in the 
Smoky Mountains near Knoxville, Tennessee. Pertinent date nre included, as 
well as c discussion of equipment limitations. 

EQUIPMENT 

The AVQ-6 radio altimeter which vns used during these tests is menu- 
factured by the Radio Corporation of America and is very nearly the same 
equipment 8s the APN-1 radio altimeter which vss employed extensively by the 
armed services during the wsr. This device supplies contlnuoue altitude in- 
formation to the pilot through mesns of s d-c meter mounted on the instrument 
panel. Two altitude ranges sre available, O-400 feet and 400-4000 feet. 
Altitude measurement Is accomplished by transmitting a frequency modulated 
carrier which varies between 420 and 460 megacycles. A portion of the energy 
striking the ground is reflected beck to the airplane vhere it is received 
by a separate sntenne. Since a finite time is required for this energy to 
travel to the ground and return, the return sig~ie1 vi11 be at s slightly dif- 
ferent frequency than that of the transmitted carrier at the time of arrival 
of the return signal. The difference betveen these tvo frequencies is a 
measure of the distance to the reflecting surface and is in the audio range. 
A suitable detector is used to measure this frequency difference, and follov- 
ing detection, this audio weve form is shoped into s limited square wave for 
counting by conventionel circuits, which in turn drive the indicating meter. 
The AVQ-6 radio altimeter weighs approximately 30 pounds including all 
.wceesories. It is conteined in one box 19 l/16 x 7 9/64 x 7 l/16 inches and 
is phock mounted. There sre 14 tubes in the equipment, and the paver consump- 
tion is 70 vatts at 27 volts d-c. Space is required on the aircraft instrument 
panel for R three-inch indicator, .s three-inch limit witch, end three lndl- 
cator lights. The complete equipment Is shown in Fig. 1. Fig. 2 shows the 
indicator, limit witch, and indicator lights ms mounted on the instrument 
panel, end Pig 3 shows the location of the two antennas. 

The Hughes ruder is R modification of the APS-13 tail-Varnlng radar 
which VW employed during the wsr for detecting the presence of hostile sir- 
craft within a limited range behind APS-13 equipped planes. The principle 
of operation is thet of conventional radar; hovever, there is no oscilloscope 
indicator. In the csse of the Hughes radar an echo returning from an object 
within 500 or 2000 feet (depending on the rsnge scale selected) will operate 
an indicator light in the cockpit. A red light is used for 500-foot warning 
and an ember light for 2OCO-foot warning. If desired, en audio vsrning device, 
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such es CL horn, might also be operated. The basis of this indication is the 
fact that the radar receiver is mede incapable of operation except for a 
period of time equal to that of B round trip radio path of 2000 or 500 feet, 
vhlchever the ceae may be. Thie time interval is mearrured from the instant 
of pulse transmiselon. 

The Hughes radar weighs approximately 16 poUnas, complete with antenna 
end cablee. It is contained in one shock-mounted box 15 7132 x 7 25/32 x 
0 15/32 inches. There are 17 tubes in the equipment. The paver consumption 
is 90 vatts at 27 volts d-c. The space required on tte aircraft instrument 
panel for the indicator lights and control svitchea la Rpproximately 5x 4 
inches. 

The complete equipment is ahovn In Fig. 4, vhile Fig. 5 show the indi- 
cator and control box on the instrument panel, and Fig. 6 shows the antenna. 

RESULTS 

Preliminary flight teets were conducted In the vicinity of Indianapolis 
to aecertain that both equipments vere in proper operating condition and to 
check the accuracy of calibrations. These teats shoved that the indicated 
accuracy of etxch van quite good. In the case of the Hughes rader the 500-foot 
varning did not appear to be independent of gain adJustment, since widening of 
the gate vas evidenced ae the gain VBB increased. The 2000-foot gate vas not 
affected. The so-called "SOO-foot gain control" of the Hugbee radar is not 
truly a receiver gain control, but controls the amplitude of the 500-foot gate 
supplied to the receiver. Bince this gate is not square, but more nearly 
sinusoidal in shape, a change in amplitude is accompanied by a change in gate 
width, and coneequently 8. change in the operating point of the red mmlng light. 

The spread available with this control is in the neighborhwd of 100 feet. 
If set to the proper operating point, there Is no reason vhy it should not re- 
main there for ae long a time BB vould normally be assigned betveen routine 
checka for such equipment If placed in commercial operation. 

Another bad feature of the red light indication ie Bpparent 88 the air- 
craft approeches the pound. At approximately 100 feet Rltitude or less, the 
red warning light may, and ueu~lly does, go out. This is due to the fact that 
the receiver is blocked during the time of the transmitted pulse and is in- 
capable of reception during thie short period of time. If echoes are received 
from objects other than the closest ground point at ranges greater than 100 
feet but lese than 500 feet, the warning light may remain on throughout the 
landing procedure and on the ground. In short, operation of the red light 
indicator at absolute altitudes of lees than 100 feet is erratic. 

The ZOOO-foot gate 18 independent of tube aging, ~8 far ae accuracy of 
the indication is concerned. Calibration of the mdio altimeter is, to come 
extent, dependent upon emission capabilities of the tubes and vill change 
vith tube aging, although if the period betveen routine calibration checks 
vere not made exceesive, this vould not present too serious a drawback. On 
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the initial flight check of the Hughes radar it vas found that the amber light 
remained on veil above 2000 feet. It VRB discovered that internal receiver 
noise and external interference noise vss triggering the relay tube vhlch 
operates the light. By reducing the gain to a suitable level, this trouble 
ma cleared up. There appears to be plenty of sensitivity under this lovered 
gain condition, since the gain control can be reduced to the position of lovest 
gain, and there is still adequate signal when at 2000 feet to operate the light. 
It is of interest to note that should the equipment malfunction because of ex- 
cessive noise, the malfunctioning vould be 'safe" since the yellow light vould 
be on. A more dangerous possibility would be R gr'adusl reduction of receiver 
sensitivity, or paver output, to the point where insufficient signal vould be 
received at 2000 feet to operate the light. In this case no light would be 
indicated until the eircrsft vas close enough to the ground to receive m return 
signal of the threshold amplitude. This altitude might veil be dangerously low. 

Folloving these local flights, more extensive flights vere made over re- 
latively rugged terrain in the Smoky Mountains near Knoxville. The purpose of 
the first flight was to determine the utility of the Hughes radar 2000-foot 
vanling light. Mt. Guyot, B peak in excess of 6600 feet, was approaohed from 
a point about nine miles vest, at an altitude of 2000 feet above the ground. 
Naturally, the yellov sigwl was lighted at this time, and the pilot vee instrue- 
ted to continue flight toward the peak but to climb until the signal =s cleared. 
Gpon clearing the light, the pilot leveled off until the nuping MB again re- 
oeived, then repsated the procedure outlined above. Them tactics resulted in 
a comfortable mwgin of clesrance over the uauntain peak. Liura this flight, 
rates of climb of 2CGG feet per minute and pester were observed on the rate- 
of-climb indicator. It vas also observed during this flight that the radio 
altimster appeared to be indicating clearances In excess of those actually 
maintained. Fig. 7 shove e contour of Mt. Guyot for the approach flown and 
indicates bv it might be cleared by successive climbs 8s vsrning signals are 
received. The aircraft path sketched thereon is not necessarily that vhich vas 
described during this particular flight (such data are nearly impossible to 
obtain) but is the ascent path recommended by promoters of the Hughes radar. 
This ascent procedure specifically dictates a 9W-foot climb for the first mile 
folloving the yellow indication, and 500 feet for each succeeding mile until 
n 2000-foot climb has been accomplished or until the yellov light has been 
cleared, vhichever is hater. 

In order to examine the ability of the altimeter to accurately indicate 
rapid changes In terrain elevetion a flight path having this characteristic 
vas selected. The flight path selected is about 8 l/2 miles in length and 
has the contour profile shovn in Fig. 8. This contour v%s plotted from data 
appearing on Quadrangle Charts of the U. S. Geological Gurvey. The parti- 
cular charts involved wre the Wear Cove and Walden Creek Quadrs.ngles which 
cover an area extending from 3S037'30" 6 to 35'52'30" S In latitude, and 
from 83'37'3C" Y to 83'4.5' U in longitude. The flight path extends from the 
northernmost point of a bend in the Chapman Highvay (near the Zion Hill 
Bchool on the Walden Creek Quadrangle) to the peak of Benson Mountain (WeEU 
Cove Cwdmngle ) . A slight dog-leg vs.s involved in flying the couree in 
order to have the aircrvaft pass over the swmoit of Chilirowe Mountain (eleoa- 
tlon 5069 feet). This peak is located approximately miduay between the tVo 
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end points. All three of these check points vere readily identifiable from 
the air. Four passes vere made over this track, tvo each at Kollsman alti- 
meter readings of 4000 and 3600 feet. At each altitude both a north-south 
end a south-north pass vere made. The inatenteneous readings of the radio 
altimeter vere recorded by means of a d-c recorder (Ksterline-Angus) connected 
in series vith the indicating meter. The recorder vas equipped vith a short- 
ing witch so that it could be alternately cut in or out of the altimeter 
circuit. It vas observed that operation of this switch resulted in a momentary 
flicker of the indicator needle folloved by a return to the pmviouely lndi- 
cated altitude. In other vords insertion of the recorder is held to have 
negligible effect on the altimeter reading. After plotting the clearance 
contour recorded by the altimeter end comparing it vith the actual clearsnce 
contour (obtained by subtracting the elevations shovn in Fig. 6 from the 
appropriate Kollsmen value for each pass), it vas discovered that unusually 
large errors, up to 1000 feet, betveen the tvo curves vere indicated. Sub- 
sequent laboratory tests of the recorder revealed that its response to 
rapidly changing currents vas rather poor, though by no means poor enough to 
justify the magnitude of the errors observed betveen actual and indicated 
clearance. Hovever, In order to eliminate the recorder contribution to the 
actual errors, It vas decided to repeat the above tests taking vieual mad- 
ings of the altimeter indicator at five-second Intervals. In order to 
eliminate observational error insofar as possible, a total of 22 passes vere 
made, 11 in each direction, vlth 16 of the total being made at a barometric 
altitude of 4000 feet, and the remaining six at 3500 feet. 

After plotting the data thus taken, it VBB found that separate runs 
in the same direction, and at equal Kollsman altitudes, repsated themselves 
rather veil. Thie is evidenced by Fig. 9 vhlch Is a comparison of runs 10, 
20, end 22 all on a south-north course, vith runs 17, 19, and 21 all on a 
north-south course, and with the actual clearance contour. 

A study of Fig. 9 reveals that appreciable error exists between the 
actual and recorded clearance values, this error being particularly severe 
at the center peak. The error appears to be made up of tvn components. The 
actual minirmM values recorded by the altimeter shov a discrepancy of 250-300 
feet vhen compared with the actual clearance existent over the peek. Thie 
error la in the same direction In all cases, the recorded clearance always 
being greater than the actual clearance. In addition it should be observed 
that there is a linear displacement betveen the actual clearance curve and 
the recorded curves. The actual peak lies nearly symmetrically betveen the 
tvo recorded peaks. By noting the directions of flight in each case, it is 
seen that a lag exists in recording changes in clearance. This leg intro- 
duces additional error in the instantaneous altimeter readings. Totaling 
both errors, it was found that instantaneous discrepancy of 400-600 feet 
exiets in the case of the south-north passes and 550-1000 feet in the case 
4f the north-south passes. Again these errors take the form of greater indi- 
cated clearance than actual clearance. A large portion of the error can be 
assigned simply to the electrical lag inherent in the altimeter, but a not 
insignificant portion can be laid to the effect of spurious reflections. 
Spurious reflections are those vhich are returned from terrain surfaces other 
then those surfaces closest to the aircraft. Due to the nature of the 
measuring and counting circuits vithin the altimeter, the current supplied 



to the indicator is determined by a general average of reflections, and con- 
sequently of different audio frequenciee. Thus, the reading of the indicator 
aen quite conceivably be greater than the shortest distance to the ground. In 
the ideal case over flat and level terrein, or over smooth vater, all but the 
reflections from directly beneath the aircraft vi11 be inslgnifice.nt because 
of the lack of normal incidence. Over mountainous areas, cases of no-1 and 
near normal incidence of the transmitted energy become quite numerous and 
consequently there is an Increasing number of spurioue reflections of suffi- 
cient strength to affect the operation of the measuring circuits. This Is due 
largely to the broad antenna pattern employed. 

The partlculer altimeter employed was properly calibrated and had been 
checked over flat end level terrain before making the approaches to the peak. 

rig. 10 is a chart similar to Fig. 3, except that the recorded curves 
in this caee vere plotted from data obtained during paeses at a constantly 
maintained Kolleman altitude of 4000 feet (runs ll-16). The Information con- 
tained on this chart e(lbetantlates that appearing in Fig. 3 with respect to 
the altimeter lag. In addition it should be noted that the error8 betveen the 
recorded and actual clearance values are noticeably greater in Fig. 4 through- 
out the run. This is believed, in part, due to the greater ground erea 
covered by the antenna pattern at the higher altitude, and consequently the 
increased cases of normal incidence of the transmitted carrier. 

The 12 passes ehovn on Figs. 9 and 10 vere all made vlthin a one-hour 
period on the same afternoon. They are representative of a total of 26 passes 
made during the period of the tests. 

The everaging effect of spurious reflections does not affect the Hughes 
radar since the Indication is a sFmple light vhich will operate If there is 
s signal return from vithin 2000 feet regardless of direction. 

Folloving the flights in the Smoky Mountain area, some extensive flight 
testing vas conducted over Lake Michigan. The purpose of theee flights vas to 
observe varioue operational characteristics of the two equipments vhich could 
best be determined by flight over a flat end level erea of considerable ex- 
pane% 

One purpose of the above test ves to determine the accuracy of the 
Hughes radar indications (both 2000-foot and 500-foot). 

The elevation of lake Michigan is 581 feet ebove sea level. The pilot 
vas instructed to climb to 2580 feet and level off for a fev miles In order 
to insure that the barometric altimeter reached e steady state. After this 
had been accomplished, level flight ves continued vith the operation of the 
ZOOO-foot light being recorded. Examination of the recording made reveals 
that the light vas Intermittent, being "on" approximately 50 percent of the 
time. This procedure vas repeated at barometric altitudes of 2680 feet and 
2480 feet. In the former case the yellow varning light vaa off for the entire 
run, and in the latter case it vas "on" for the entire run. Admittedly, it 
Is not possible to hold m aircraft closely at a prescribed altitude, nor Cen 
the barometric altimeter be depended upon more accurately than a fev tene of 
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feet, hoverer, it is believed that the accuracy of the test was sufficient to 
shov that operation of the yellow varning light vas reliable. This test also 
indicates a transition period from "varning" to "no varnlng" of approximately 
100 feet. 

The above procedure vas repeated for the SOQ-foot warning at suitable 
altitudes above the lake. Results indicated the transition period for the red 
light aleo to be about 100 feet, centered around 500 feet. 

In an attempt to determine the effect of aircraft bank on the radio 
altimeter reading, the test airplane executed e 30-degree bank at constant 
altitude (turning) for one minute. The recording shoved no fluctuations of 
the altimeter indicator during this time. 

An intersating observation vas made while flying from the water norms1 
to and ecrosa an 80-foot bank. As the aircraft crossed the bank, the altl.meAer 
reading increased by 150 feet. This approach vas repeated et a different pDint 
elong the bank vith the same results. After croedng the bank a second time, 
the course vas reversed so that the airplane crossed the bank from shore to 
vater. In this case the altimeter reading decresaed by over 100 feet. In all 
Instances the altimeter vas set on the 4000-foot range. An effort MB made to 
duplicate thie phenomenon on the 4OC-foot range, but the aquigment appeared to 
give the reverse, or correct., indicetion in each of these casee. Vimel obser- 
vations &e on an earlier date indicated that the saw thing vns happening on 
the 400-foot range, but unfortunately, et that time them van no recorder in 
the circuit. 

On completion of these over-v&e* flights, the dovntovn seotion of 
Chicago vas approached at a barometric altitude of 2900 feet. Thie vas equi- 
valent to approximately 2300 feet of actual clearance from the ground. The 
Hughes radar v-e8 set for ZOGO-foot warning, and the yellow varning light vas 
off and on intermittently as the aircraft passed over the teller buildings Fn 
the city. Phere vae no visible fluctuation of the radio altimeter pointer. 

The ability of the Hughes radar to detect other aircraft has also been 
examined. It has been found that both red and yellow iodications fare obtaln- 
able from various types of aircraft ranging In size from small personal planes 
to DC-3 transports. It appears that there is sufficient strength of signal 
return to ceuse such indications only under ideel conditions, and the equip- 
ment could not be depended upon to give advance vsrning in ell cases. It is 
believed that even intermittent warnings vould serve the useful purpose of 
alerting the pilot and on some occesions might conceivably avert a mid-air 
collision. 

During a series of flights in Clerk County, Indiana, recordings of 
flights et various altitudes vere made over a relatively lov range of hills. 
The purpose of these flight.8 vas to check the consistency of the Hughes radar 
ZOCO-foot varning indication. Fig. 11 is a chart shoving the actual clear- 
ance along the flight path, together vith the condition of the yenov varning 
light for four runs at the same barometric altitude. 
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c0lwxUg10ri 

A number of important facts have been brought to light by this series 
of comparative tests. Perhaps the most signific.ent are the following: 

1) The radio altimeter can be counted on to read accurately over 
water or reasonably level terrain only. 

2) When there Is an error due to spurious reflections, the reading 
vi11 indicate e clearance greeter than that which actually exiets. 

3) Under certain conditions, them is the possibility of a lag in the 
radio altimeter which can also result in greater indicated than 
actual clearance. 

4) Over flat, level terrain, or over water, the radio altimeter appe.ere 
to operate satisfactorily vhen properly calibrated. 

5) The Hughes radar 504Lfoot varning lndlcation is not too reliable 
becauee of an unstable gate vidth, and because of possible failure 
of the indication helov 100 feet. 

6) The Hughes radar 2000-foot warning indication appears to be accurate 
and Independent of terrain contour. 

7) The Hughes radar employs a so-called "check* witch which permits 
the pilot to determine if the equipment is in operating condition. 
The circuitry employed does not permit a 100 percent check; hovever 
a large majority of possible component failures am detectable by 
means of this circuit. 

The primary advantage of the altimeter is the continuous indication of 
altitude supplied; and the primary advantage of the Hughes radar is its non- 
susceptibility to spurious reflections. UurFng the period of these tests, it 
vae necessary to recelibrate the altimeter several times, whereas the Hughes 
radar required no attention vhatsoever. 

Either equipment can be of value as an interim terrain clearance tii- 
cator, provided operating personnel are familiar vith the respective 
1Mtations involved. 
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