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PERFORMANCE OF S-BAND AND L-BAND SURVEILLANCE 
RADARS DURING RAIN AND CLOUD CONDITIONS 

SUMMARY 

Th,s report describes the r e s u 1 t s of 
compar,san tests o,, the p e r 1 o rm a n c e of 
S-ba”d(3000 Mc)a”d L-band (1300 MC) radar 
equipments used to detect the p r e s en c e of 
arcraft flying through ra,” or various cloud 
formations. The tests were conducted to 
determIne quantltatlvely the ratlo of the re- 
celved signals from arcraft to those from 
clouds or ral” for each of the two frequencies. 
Tabulatmnofthese data show that a practical 
m,proveme”t I” performance of 11.7 db may 
be expected byusIng 1300Mcforalrport 
survellla”ce functions. 

INTRODUCTION 

It has long been know” rhat detectlo” 
of arcraft by means of search type radars 
IS frequently very dlfflcult If not xnposslble 
when the target a 1 r c raft IS flymg through 
ram, snow. or moisture-lade” cloud forma- 
tlons. Under c e r ta 1 n condltmns, when the 
alrcraft 1s small and IS fly,“g “ear the max- 
mnurn range of the radar, the s,g”al 1s “or- 
mally very weak end may become undetect- 
able If the path of transmlsslon and recept,o” 
1s Intercepted by ral”. A sm,lIar condltlon 
can e x1 s t to make detectlo” of the alrcraft 
imposstblewhe” the alrcraft 1s flymg through 
rar” at approximately the maxu”ur” range of 
detectlo”. In this latter case, the srgnal from 
the cloudmaygreatly exceed the amplitude of 
the signal from the arcraft. 

TheoretIcal conslderatm” of these fac- 
tors mdlcates that both the space attenuatlo” 
and reflectmn of radio waves fro”, ran, s”ow, 
and clouds decreasewlth frequency. The em- 
provement I” performance to be expected by 
using L-band (1300 MC) instead of S-band 
(3000 MC) equipment may be calculated with 
only a fair degree of accuracy because of a 
number of variables and condltlons whose 
effects can not be determmed An nnprove- 
ment of approxm,ately 12 db was calculated 
from mformatmn contamed I” a report, dated 
April 17, 1947, by W Il. Whrte of AIrborne 
Instruments Laboratory Dlrectmeasurement 
of the rmprovement 1” performance w o u Id 

provide a more slgnlflcant figure of merit 11 

the measurements were made on a practical 
1nsta11at1on. This report describes the 
work done I” makmg actual p e r f o r m a n c e 
COIIlprlSO”S. 

EQUIPMENT CONSIDERATIONS 

Inorder to compare two radar systems 
It 1s essential that they have ldentlcal oper- 
atmg character,stlcs, at I e a s t I” so far as 
those characterlstlcs may have a bearmg on 
the end results. 

Because of the dlfflculty I” procurIng 
two radars having the same characterlstlcs 
and dlffermg only I” the transmitted radio 
frequency, It was necessary to modify avail- 
able equipment. The AN/CPS-5 was selected 
for the 1300 Mc radar and the AN/GPN-2 was 
chosen for the 3000 MC equipment. Modlfl- 
catmns were made to each set to obtam the 
followmg characteristics 

AN/C%-5 AN/CPN- Z 

Frequency 1290 MC 2990 MC 
PRF 2000 pps 2000 pps 
Pulse wxdth 0.5 p set 0.5 II se-2 

A block drag r am of the equpment used 1s 
shown I” Fig. 1. The AN/GPN-2 radar re- 
quared relatively few changes. Tennn-ial 
co""ectlo"s for a rem 0 t e gal” control are 
provided 1” the receiver. These connections 
were termmated at a remote gal” control 
mounted on the comparlso” mdlcator. Other 
c h a ” g e s made to the AN/GPN-2 radar I”- 
valved the replacement of the a” t e “n a ro- 
tational drrve motor with a dc motor to pro- 
vlde slow speed reversible operation Controls 
for the antenna servo-system were located at 
the AN/GPN-2 monitor scope posrtlon. 

Themodlflcations tothe AN/CPS-5 
radar were qute extensive. Replacement of 
the rotary spark gapmodulatorwas necessary 
to o b t a I” the correct PRF and pulse width. 
A hard tube modulator froman SCR-584 radar 
was used after bang modlfled to provide the 
0.5 p set pulse. This modulator was housed 
o”theAN/CPS-5a”te”“a tower, and the mod- 
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ulatcr power supply ulas Installed in the op- 
eratmns hut. A spare 30 MC recaver from 
the AN/GPN-2 radar was used 11, place of the 
AN/CPS-5 receiver to provide add,tmnal band 
uldth, and to duplicate the receiving systems. 
The use of two Identxal recervers (one for 
each radar) made ItpossIble for the operator 
of each radar to track the target arcraft 

accurately servoed to the target bang used. 
Slgnalmg systems and mterphone connectmns 
were provided for each operator to facllltate 
coordmatmn of actlvltles. Fig. 2 shows the 
mstal:atmn of the AN/GPN-2 and AN/CPS-5 
radar equpments. Fig. 3 shows the radar 
mdlcator and controlposltmns mtbz operatmrs 
hut. 

Fig. 1 Functmnal Block Diagram of the Radar Equipments 

continuously. The rece,ver usedwlththe 
AN/CPS-5 radar was connected to a remote 
cahbrated gam control as was done with the 
AN/GPN-2 receiver. 

The trigger generator us e d to tngger 
all lndzcators as well as the modulators ,.,a~ 
a Measurements C o r p o r a t 1 on model 79-B 
pulse generator 

The v,deo output from each receiver 
was fed to the comparison mdlcator through 
a coaxxal r e 1 a y typp switch. The operator 
r e t o r d 1 n g the comparison data could thus 
select either L-band or S-band wdeo signals 
rapidly after having been advlsed by the op- 
erator of each radar that the antennas were 

An AN/CPS-4 radar was operated for 
the purpose of obtunmg uformatmn on the 
altitude of the target arcraft and clouds. 

MEASUREMENT PROCEDURES 

In order to c o 11 e c t the data tabulated 
herem, the rece,ver gam controls of both the 
S-bandand L-band radars were calibrated by 
the mtroductmn of test signals Into the receiver 
system. No attempt was made to calibrate 
absolute s~gnallevelz but. rather, comparative 
amplitudes. The controls were calibrated 11, 
steps of 3 db, whxch was the amount of gax, 
controlad,ustment requred to brmg the v,deo 



‘Fig 2 AN/CPS-5 and AN/GPN-2 Radar Installatmns 

signal back to a reference level after an Input 
slgnal change of 3 db The receivers were 
operated well below the saturation level at 
all tmles 

Themethod of using the calibrated gam 
controls was to adJust the gam control for a 
given rodeo level on the comparxson A-scope 
for the cloud or ram return. then to readjust 
the controls for the same rodeo level for the 
target aircraft sIgnal, and record the differ- 
ence between the..e two readmgs. Tius dlf- 
ference was taken as an mchcatmn of target 
aircraft signal to cloud agnal ratlo expressed 
In decibels The comparison mdxator and 
calibrated gun controls are shown m Fig 4. 

The camparlson of the performance of 

the two r a d a r s was made by dxectmg the 
antennasof both equpments at the same tar- 
get arcraft srnultaneously. The tilt control 
of the AN/GPN-2 radar was mampulated for 
maxnnum signal from the arcraft. The Sk111 
of the operator of each radar set was rehed 
upon m pomtmg the antenna of Ins particular 
radar exactly “on target.” 

The observatmns from both radars were 
made on one A-scope comparrson mdxator 
by rapldly swltchmg from one radar to the 
other. Care was taken to avoid takmg read- 
mgs wlththe targetin or near antenna pattern 
nulls, whl ch were determmed prmr to the 
tests and are plotted m Fig 5. At the begm- 
nlng of the tests, It was msualmed that dlf- 





Fig. 4 Comparison Indicator and Cahbrated Gain Controls 
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ferences In the two radars due to different provement of more than 10 db The four 
antennapatterns, m the vertical plane, would readings showing less than 10 db unprovement 
present some problem Deslgmng and buld- are believed to be due to errors on the part 
ing ante nn a s for both L-band and S-band of the operators of each radar, In traxang the 
havmg ldentlcal patterns would have delayed antennas directly an target. 

the prolect. As analternatlve. the target air- 
craft was flown Into and a r o un d the cloud 
formatmn on each flight as carefully as pos- 
sable to keep the arcraft well wlthln the ver- 
tlcal patterns of the antennas. 

RECORDEDDATA 

The recorded data m Table I show the 
target alrcraft signal to cloud slgnal ratios 
for both the S-bandand L-band systems meas- 
ured during 15 separate flights All of the 
data were taken with a DC-3 type arcraft 
flown Into ralnstcrms of moderate density. 
The a ve rage of the improvement figure 1s 
11.7 db. It ~111 be noted from the precerdlng 
data that 11 of the 15 readings show an xn- 

Photographs of the S-band and L-band 
radar plan posltmn indicators taken sxnul- 
taneously are reproduced In Fig. 6. These 
photographs were taken du rln g a thunder- 
storm with moderately he a v y ram Fig. 7 
shows the freedom from ram clutter on L- 
band frequencies for an a 1 r c r aft approxl- 
mately 12 m&s from the a I r p o r t , headed 
away from the radar and In a heavy ram 
Severe rain clutter present on the S-band 
PPI for the same alrcraft at the same Instant 
IS shown at the right In this Figure These 
pictures do not represent the most favorable 
or the most unfavorable condltmns observed 
but are typxcal Illustrations of the practical 
xnprovement to be expected by usmg L-band 
frequencres 



L-band PPI 30 Mile Range 

Fig. 6 PPI Presentation with Moderate Ram 

S-band PPI 

L-band PPI 30 Mile Range S-band PPI 

Fig. 7 Sector Sweep on Alrcraft at 12 Miles Range 

CONCLUSIONS 

The dara obtalned mthese tests conflrm 
prewous experience gamed by a long period 
of operation, namely, that almost all cloud 
farmatlons of sufficient density to be visible 
on the 1300 MC radar scope ~111 completely 
mask outall targets whenvIewed onthe 
3000 MC radar scope Extremely heavy 

rams have caused masking of the first 15 to 
20 miles of range on the L-band PPI. The 
masking caused by rain was seldom oi suf- 
flclentdenslty to mask out alrcraft or ground 
clutter targets, however This condltlon of 
complete masking has been observed only 
three tnnes in eight months of operatxon In 
the te s ts described above, the 11 7 db em- 
provement In periarmd;.ce was due entirely 



to the use of the L-band frequencies. Fast of apprommately 12 db can be c 1 o s e 1 y ap- 
tune constants were not used m the receiver proached and, further. that the utlllty and 
arcurts to drfferentlate the vzdeo signals to value of the entire radar system 1s greatly 
glveanapparent Increase m contrast. These Increased by taking advantage of thm em- 
tests have proved conclusively that the theo- provement. 
retlcal improvement in performance In run 

TABLE I 

TEST DATA 

T Target Aircraft 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2 
13 
14 

15 

AZl- 
muth 
De- 
grees 

Range 
Miles 

Altl- 
tude m 
Feet 
AG 

Range m 
Mile s 

197 21 2000 21-35 

193 21 2000 21-35 
187 21 2000 21-35 

198 21 2000 27-32 

191 21 2000 27-32 

198 27 2000 28-36 
322 24 2000 25-29 
328 25 2000 25-29 

322 22 2000 25-29 
322 20.5 2000 25-30 
330 20 2000 20-25 
227 17 2000 19-24 
341 17 2000 20-25 
347 17 2000 IS-25 
347 17 2000 18-25 

Cloud 
Formatlo 

Target Alrcraft 
signal to cloud 
signal r a t i 0 in 
decibel 

L-band 

0 
-5 
t12 
-4 

0 
0 

fl 
-6 
+6 
-6 
-7 
t10 
+6 
t3 
fl 

S-band 

-3 
-19 
-3 
-15 
-10 
-15 
-10 
-12 
-7 
-12 
-16 
-4 
-12 
-11 

-14 

I: 

T a 
d 

I 

mproveme: 
.t L-band : 
Decibels 

3 
14 
15 
11 
10 
15 
11 

6 
13 

6 
9 

14 
18 
14 
I5 


