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Summary: 
Video integrators are important parts öf weather radars for quanti­
t a t i v e measurements. The author emphasizes the advantages of i n t e ­
grators using d i g i t a l technology over those using analog teehnology. 
Two p r a c t i c a l models of d i g i t a l integrators are compared änd the 
technical specifications öf a future Integrator are presented. 
Z us ammenfassung: 
Videointegratoren sind wichtige Bestandteile von q u a n t i t a t i v 
messenden Wetterradaranlagen. Die Vorteile von Integratoren i n Digi­
taltechnik gegenüber solchen i n Analogtechnik werden hervorgehoben. 
Zwei praktische Ausführungen solcher Geräte in. Digitaltechnik werden 
verglichen. Es f o l g t eine Zusammenstellung der Forderungen, die 
an ein zukünftiges Gerät solcher Art zu s t e l l e n sind. 
Resume: 
Les integräteurs de video sont pour des mesures quantitatives, des 
composants importants d'un Systeme de radar meteorologique. On sou-
ligne les avantages des integräteurs en technologie d i g i t a l e par 
rapport ä ceux de l a technologie analogique. On compare deux appareil 
d i f f e r e n t s qüi sönt en service pratiqüe en technologie d i g i t a l e . 
On donne enfin une l i s t e des specifications desirables pour un i n t e -
grateur future. 



Introduction 

The main advantage of using a d i g i t a l integrator compared with an 
analog integrator l i e s i n the f a c t , that the only part which needs 
c a l i b r a t i o n i s the input analog to d i g i t a l Converter. This part i s 
available off-the-shelf and f o r the accuracy necessary i n t h i s 
application needs no r e c a l i b r a t i o n a f t e r the i n i t i a l one i n the 
factory. A properly designed d i g i t a l integrator,therefore,needs no 
c a l i b r a t i o n during i t s use. In addition to t h a t , the r e l i a b i l i t y i s 
higher, d i g i t a l c i r c u i t s are less sensitive to temperature changes 
and high humidity,and i f something has to be replaced t h i s can be 
done with the equivalent part without r e c a l i b r a t i o n . The price for 
a d i g i t a l integrator having 1000 ränge gates at present i s about 
equal to that f o r an analog integrator with 200 gates and w i l l be 
lower i n a few years for better Performance. 
I had the opportunity to f a m i l i a r i z e myself with both the i n t e ­
grators developed at MIT and at Raytheon. After summarizing the 
characteristics of both instruments t h e i r best features were put t o -
gether to form the characteristics of the future integrator. With 
the present state-of-the-art, the r e s u l t i n g specification charac­
t e r i s t i c s are easy to be met. 

1. MIT Integrator 

MIT has had t h e i r integrator working since 1966 and i n routine 
Operation since 1967. The integrator has 714 gates spaced 2 /is 
apart. Up to 256 independent samples i n time and/or space may 
be averaged. The results are normalized for the number of samples 
being averaged and normalized för ränge. Out of 15 levels three 
are displayed at once on the PPI. I t i s f e i t that what would be 
gained by p u t t i n g more than three contours at the same time on 
the PPI i s not worth the added ambiguity. Now a more elaborate 
weather radar prooessor i s being developed which w i l l analyse 
the data to a much wider extent. I t i s f e i t that rather than 
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going back on the PPI, information should be stored i n a more 
compact form such as accumulated r a i n patterns etc. For published 
results see e.g. Oklahoma Conference p.28, Tueson Conference 
p. 330, p.375 and p. 439 etc. 

2. Raytheon Integrator 

Their f i r s t d i g i t a l i ntegrator worked i n 1967 using a core memory. 
Since then two successive versions have been developed both using 
MOS-shifc registers f o r storing the information. The second one 
has 1200 ränge bins having a w i d t h of .5, 1 or 2/us. Up to 8192 
sweeps may be integrated (no ränge In t e g r a t i o n ) . The ränge 
normalized Output i s available f o r display on a PPI. Up to seven 
contours out of 31 can simultaneously be chosen f o r display re-
presented by black, white or gre.y areas. Two d i g i t a l words con-
t a i n i n g ränge, (11 b i t s ) , and i n t e n s i t y , (7 b i t s ) , are available 
at each ränge for Computer processing. Publications, see e.g. 
Tucson Conference p.387 etc. 

3. A Sketch of the Future Integrator 

The proposed Integrator would be a v e r s a t l l e instrument f u l f i l l i n g 
the requirements of the WSR 57, the weather radar widely operated 
at present by the U.S. Weather Bureau, as well as the ones for a 
better future replacement f o r i t . I t would answer to the needs of 
a ho r i z o n t a l l y looking radar f o r länger distances as well äs the 
ones of a v e r t i c a l pointing radar. The d i g i t a l components are 
cheap at present and gettlng cheaper every month, so that I f e e l 
that we should head f o r the ideal future d i g i t a l integrator rather 
than for a cheap Version, where ränge and amplitude resolution i s 
s a c r i f i c e d f o r a 20 % smaller price. The small complications added 
are well worth the improvement obtäined i n smoother contours and 
increased v e r s a t i l i t y . In the following, some features w i l l be dis­
cussed b r i e f l y . 
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a. The analog-digital Converter should have f i v e and preferably 
six b i t s i n order to reduce quantizing noise. The conversion 
should be made immediately a f t e r Log IF amplifier i n order to 
avoid c a l i b r a t i o n problems. Any Integration before the con­
version should be avoided because t h i s would reduce the Standard 
deviation öf the natural fluctuations. This would mean, that 
the errors of the A-D quantizing would not be smeared out as 
Well änd therefore f i n e r quantizing steps would be necessary 
at the input A-D Converter. (MIT, 4 b i t ; Raytheon, 5 b i t ) 

b. The ränge resolution should be 2/us, preferably 1 /us, ideal . 5 
/us. (MIT, 2 ̂ us; Raytheon, 0,5, 1, 2 ̂ us) 

c. The integrator should allow Integration i n space as wel l as 
time (MIT, ränge and time; Raytheon, time only). 

d. The weighing function should be constant f o r the time of I n ­
tegration and zero afterwards (MIT) rather than decaying ex-
ponentially with time (Raytheon) because öf the following 
reason: I f we accept a given amount of smoothness and smearing 
of the contours, the antenna may be rotäted fast e r when a rec­
tangular weighing function i s applied. 

e. The ränge normalization steps should not be coarser than .5 db. 
A read-only memory w i l l probably provide the most convenient 
Solution tö t h i s requirement. (MIT, 1 db analog generated; 
Raytheon, 1.5 db d i g i t a l ) 

f. Out of 31 levels i t should be possible to display six simul-
taneously on a PPI with a black-grey-white cöding. Displaying 
six contours together may be desirable f o r eertain applications. 
For most operational circumstances, however, I agree with MIT 
that three contours are s u f f i c i e n t and desirable f o r easy 
distinguishing. (MIT, 3 out of 15; Raytheon, up to 6 out of 31) 

g. I t should be possible to place the 32 levels covering the 
operating ränge indicated i n Flg. 1. Note that the input A-D 
has to cope with a log signal corresponding to a l i n e a r dynamie 
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ränge.of 90 db, including 40 db of ränge correction. Log re-
ceivers for t h i s application can be bought off-the-shelf. 
I f one i s mainly concerned with strong r a i n , the operating 
ränge may be easily s h i f t e d to higher i n t e n s i t i e s , j u s t by 
inse r t i n g a fixed attenuator. 

h. Cont our s uppres s i on has to be provided i n order to eliminate 
signals produced by the ränge normalization alone, that i s at 
ranges exceeding the intersection of the ränge correction and 
the contour. 

i. A d i g i t a l Word fo r each ränge bin should be provided f o r 
further processing of the data with a Computer. (MIT and 
Raytheon, o.k.) 

j. F l e x i b i l i t y with the PRF i s a big advantage and easy to get 
when s h i f t - r e g i s t e r s are used to störe the data. This allows 
the integrator tp be triggered by the radar. On the other hand, 
for the delay-line type integrator the PRF of the radar has 
to be matched to the integrator (MIT uses a delay-line at 
present f o r a PRF of 350; Raytheon, s h i f t registers which allow 
the integrator to be operated with a radar having a PRF i n 
the ränge of 200 to 1600). 

Summing up, i t i s quite obvious that much progress has been made 
since Kodaira's excellent work with analog integrators i n 1955-
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Fig. 1 Assuming ä dynamie ränge of 90 db between the Saturation of the log reeeiver and 
the thermal noise (of the mixer and the log reeeiver together) the ability tö measure a 
rain intensity SgfR at a distänce B i s plotted. To normalize the Signals versus ränge 
co m i n g ^ r c ^ °̂ ̂  aecordingto the distänce where i t is 




