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(57] ABSTRACT 

A digital radar including (i) a digital memory whose 
stored array of digital words represents radar searched 
space and (ii) display smoothing apparatus receiving the 
memory data and quadrupling the number of digital 
words available for display. Typical of the preferred 
embodiment, a four digital word group comprising W 0 , 

W b• W ci and W d• and representing four mutually contig­
uous searched space segments is used to produce the 
average of W a and W bi the average of W a and W ci and 
the average of all four in the group. The averages and 
the memory words are painted on a display in their 
appropriate locations. 

5 Claims, 8 Drawing Figures 
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DIGITAL RADAR DISPLAY SMOOIBING 
digital data representative of the line of memory which 
corresponds to the same antenna position but which was 
derived and stored in memory 25 during the next pre­
ceding antenna scan. A new line of digital data repre-This invention relates to digital radar and more par­

ticularly to smoothing of digital radar displays. 5 sentative of the total sum is entered in memory 25 at the 
address corresponding to this azimuth position. That is, 
the total sum becomes a new line of memory data and 
replaces the old line of memory data for this azimuth 

Digital radars employ a digital memory and conven­
tional CRT (cathode ray tube) to replace the widely 
used electrostatic memory tube of radar display device. 
For reasons of economy, size, or power, the display 
memory is generally made small relative to the radar 10 
searched space. For instance, typical memory capacity 
values are 128 two-parallel-bit words per line of mem­
ory and a memory line for each degree of azimuth. Each 
word of course represents an independent sample of a 
different segment of the radar searched space. To avoid 15 
gaps in a reasonable size display and achieve two dis­
play lines per degree of azimuth, the display is filled in 
by painting each memory line twice, the second paint­
ing of a memory line being located on the display 0.5° 
from the first painting of the same memory line. Al- 20 
though this technique has many advantages over in­
creasing the number of words per memory lines and/or 
memory lines per degree of azimuth, the display quality 
or resolution is coarse, blocky, or square, and several of 
the fine details are lost. Another objectional feature of 25 
this technique is that noise hits are presented on the 
display as twice, or sometimes three times, their actual 
size. 

Also employed in the prior art is a technique in which 
variations in the memory data are smoothed out by 30 
forcing certain memory words to take on adjoining 
word values. Modifying the memory content in such 
manner can mask or obliterate certain information, such 
as storm gradient information, from the display. 

In accordance with the present invention there is 35 
featured the provision of improved display resolution 
and display smoothing. The preferred display is effec­
tively equivalent to one attainable by quadrupling the 
memory, yet the memory size is not increased. More­
over the data stored in memory is not modified by the 40 
smoothing. These and other features, objects, and ad­
vantages of the invention will become more apparent 
upon reference to the following specification, claims, 
and appended drawings in which: 

FIG. 1 is a block functional diagram showing the 45 
presently preferred inventive embodiment, 

FIGS. 2a and 2b represent the radar searched space 
and a portion thereof. 

FIGS. 3a, 3b, and 3c represent a portion of a PPI 
display each showing a different painting thereon of 50 
digital words, and 

FIGS. 4 and 5 show waveforms and data flow dia­
grams useful in explaining the operation of the FIG. 1 
apparatus. 

In the system illustrated in FIG. 1, antenna 13 is pres- 55 
ently caused to scan 90° in azimuth substantially in 90 
regularly occurring one-degree increments, the rate of 
incrementing being approximately 24Hz. For each one­
degree antenna increment or azimuth position there are 
four regularly occurring pulse periods. During any one 60 
pulse period, transmitter 15 is caused to emit a radar 
pulse, and following the transmission the radar return 
therefrom is processed at RF and IF in 17 and then 
amplitude detected in 19. The resultant video is then 
processed in item 21 as follows. 65 

Briefly, in item 21, each of the four video returns is 
digitized, the four are then accumulated or summed 
together, and this accumulation further summed with 

position. 
More particularly, each of the four returns from a 

particular azimuth position are in turn digitized at a 
predetermined bit rate into 128 serially occuring two­
parallel-bit digital words. The time interval per bit cor­
responds of course to one range resolution interval, and 
128 bit time intervals correspond to the maximum radar 
range. These four digitized returns are summed such 
that the resultant word for any particular bit time com­
prises the sum of the four digital words for that particu­
lar bit time. The resultant is of course 128 serially occur­
ring digital words. To this sum is also added 128 words 
representative of the line of data stored in memory 25 
which corresponds to the same antenna position but 
which was derived during the next preceding antenna 
scan. At a time compatible with similar processing for 
the next antenna position, switch 27, as controlled by 
S5, permits a line of data representative of this total sum 
and comprising 128 two-parallel-lbit digital words to be 
entered into memory 25 as the new line of memory data 
for this particular azimuth position, replacing the old 
line of data therein. 

At any particular point in time, memory 25, which 
comprises two 11,520 bit shift registers operating in 
parallel, contains 90 different lines of data which corre-
spond respectively to the 90 different antenna azimuth 
positions, and any particular line comprises 128 two­
parallel-bit digital words which correspond respec-
tively to the 128 different range intervals. That is, and as 
seen from FIGS. 2a and 2b, each of 11,520 different 
segments of the searched space is represented by a digi­
tal word in memory. For instance, as indicated in FIG. 
2b, the 82nd word of memory line 7 (i.e., W82L7) repre-
sents and corresponds to a segment of searched space 
located at the 82nd range interval along the 7th azimuth 
position. 

Items 21 and 25 of FIG. 1 comprise the subject of 
U.S. patent application Ser. No. 720,165, now U.S. Pat. 
No. 4,088,996, entitled "Radar Signal Processor" and 
assigned to the assignee of the present invention. Tim­
ing coordination for transmitting, antenna increment­
ing, digital processing, and CRT deflection is provided 
by master timing generator 29. For additional detail on 
items 21, 25, and 29, the system portions preceding 
same, the timing coordination and other such back­
ground of the present invention, said application is 
hereby incorporated by reference into the present dis­
closure. Moreover, it should be recognized by those 
skilled in the art that said items, although presently 
preferred, are merely exemplary, and not limiting, of 
the type of system components with which the present 
inventive contribution may be employed. 

Turning now to FIGS. 3a, 3b, and 3c, each said figure 
represents a small portion of a PPI display screen and 
each represents a different painting on the screen of 
memory data corresponding to the FIG. 2b portion of 
searched space. FIG. 3a illustrates the earlier mentioned 
problem in painting the memory data on the display 
screen with no attempt to fill in the display. That is, due 
to the small spot size created by the CRT beam, area-
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sonable size display would contain gaps between 
painted lines of memory information. FIG. 3b illustrates 
the earlier mentioned typical approach to solving this 
problem. Namely, each memory word is painted twice 
per degree of display, the second painting being shifted s 
from the first painting by i 0 on the display itself and 
merely repeating the intelligence delivered by the first 
painting. 

FIG. 3c represents the display accomplished by the 
preferred inventive embodiment herein. That is, in addi- 10 
tion to painting each word in memory in its correct 
location on the display screen, certain averages of mem­
ory words representing contiguous searched space seg­
ments are also painted on the screen in appropriate 
locations. More particularly, as seen from FIG. Jc, 15 
images for memory words such as W a• WP• W 1, and 
W 1/1• etc., are painted at screen locations representative 
of their relative searched spaced locations but each said 
memory word occupies only about one-fourth the 
screen real estate occupied by the same word in FIG. 20 
3b. Between images of adjacent, same-memory-line 
memory words there is painted an average of these 
memory words. For instance, between the W a and W p 
images there is painted the average of these two words. 
Also, between images of adjacent, same-range-interval 25 memory words, an average representative of these two 
words is painted. For instance, between the W a and W 1 
images there is painted the average of W a and W 'Y' 
Substantially centrally of the images corresponding to 
four mutually contiguous segments of space, an image is 

30 painted which corresponds to the average of the four 
corresponding memory words. For instance, an image 
representative of the average of words W a. WP• W 1, 
and W l/J• is painted substantially centrally of the images 
corresponding to these four words. 

Returning now to FIG. I to describe the preferred 35 

apparatus by which the display of FIG. 3c is achieved, 
the rate at which memory data exits main memory 25 is 
first doubled by doubler 31. The doubler 31 memory 
data output MDO is then delayed one word or bit time 
by two of the latches in quad latch 33, 256 word times 40 

by shift registers 35M and 35L, and 257 word times by 
the combined effect of shift registers 35M and 35L and 
the second half of quad latch 33. These memory data 
outputs delayed from MD() are designated respectively 
MDI, MD256, and MD257. MDI and MD257 are 45 
summed in binary adder 37. MD256 is summed in binary 
adder 39 with either MD257 or MDO, depending on 
the state of switch 41 at adder 39 inputs B1 and B2. The 
outputs of adders 37, 39, and a binary I are summed in 
binary adder 43. Each of adders 37, 39, and 43 comprise 50 
a full adder which operates according to the following: 

depending on the state of switches 49 and 51. The out­
put Sz of DIA converter 47 is then used to intensity 
modulate the CRT beam in accordance with the weight 
of the digital words out of multiplexer 45. 

For a more detailed description of the FIG. 1 appara­
tus and its operation, reference to aiding FIGS. 4 and 5 
will now be made. The effect of doubler 31 as earlier 
mentioned is to make each main memory line appear 
twice at the doubler output for every single appearance 
at the doubler input. More particularly, a gated clock 
signal S1 during a time interval T when S2 is high, seri-
ally loads one line of main memory 25, (e.g., memory 
line 8) into dual 128 bit shift register 52. (T= 1/fHz and 
fHz is typically 45 X96Hz.) Meanwhile, a second gated 
clock S3, which is twice the frequency of Si. causes the -
previous 128 words in dual 128 bit shift register 53 (e.g., 
line 7) to serially circulate therein twice. (When either 
of shift registers 52 or 53 is in its recirculate mode, its 
input is internally disconnected from the main memory 
25 and the 128 words of data in 52 or 53 is internally 
circulated from output to input.) While S1 is clocking 
the memory data into shift register 52, S3 is clocking the 
data out of shift register 53 at twice the rate, i.e., data 
doubling. Switch 54 connects this higher rate data to 
the inputs of shift registers 35M and 35L. At the end of 
this T period the control signal S2 goes low and the data 
that was loaded into shift register 52 is now read out 
twice while the next line of data from memory is read 
into shift register 53. That is, during the next T interval, 
memory line 9 appears once at the doubler input and 
memory line 8 appears twice in succession at the dou­
bler output. And so on. 

As above mentioned, the two-parallel-channel mem­
ory data exiting doubler 31 is herein designated MDO. 
MDI is the memory data MDO delayed by one bit time 
of the S3 waveform, the one bit time delay being pro­
vided by one-half of quad latch 33. MD256 is the mem­
ory data MDO delayed by 256 bit times of the S3 wave-
form, the 256 bit time delay being provided by shift 
registers 35M and 35L. MD257 is the memory data 
MDO delayed by 257 bit times of the S3 waveform, the 
257 bit time delay being provided by the combined 
effect of shift register 35M and 35L, and the second half 
of quad latch 33. The time relationship between main 
memory data out, doubler output MDO, MDI, MD256, 
and MD257 is graphically illustrated by example at the 
bottom of FIG. 4. 

Adder 39 receives and adds MD256 and MD257 
when S4 is low. When S4 is high, switch 41 changes to 
the position opposite that illustrated and adder 39 adds 
MD256 and MDO. Also, when S4 is low, switch 51 of 
multiplexer 45 is in the position illustrated in FIG. 1 and 

, l:4 = third carry 

55 the multiplexer output is either multiplexer input pair Io 
or input pair I I· When S4 is high, switch 51 of multi­
plexer 45 is in the position opposite that illustrated in 
FIG. I and the multiplexer output is either multiplexer 

In adders 37 and 39, C;m A3, and B3 are always 0. 60 
In adder 43, C;n is always I. , 
At its four input pairs I°' Ii. 12, and l3, multiplexer 45 

receives respectively (i) MD257, (ii) the two most sig­
nificantbits (~3 and ~2) from adder 37, (iii) the two most 
significant bits (l:3 and ~2) from adder 39, and (iv) the 65 
two most significant bits (~4 and ~3) from adder 43. 
Multiplexer 45 delivers to the DI A converter 47 one of 
the four multiplexer inputs, the particular one delivered 

input pair 12 or input pair 13. During the first half of any 
one word or bit time of the S3 waveform, S3 causes 
switch 49 to be in the position illustrated in FIG. 1, and 
during the second half of this bit time S3 causes switch 
49 to be in the position opposite to that illustrated. S, 
illustrates the CRT beam deflection with range. That is, 
one outward beam trace is completed for each complete 
memory line appearance in MD257. During the retrace 
portion of Sn video blanking (not shown) is effectuated. 
So (not shown in FIG. 4) increases for each memory line 
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appearance in MD257 so that display (J change is effec- adder 39 sums MD256 and MDO, and only the words 
tuated. appearing at multiplexer input pairs 12 and 13 are of 

Using only the I 3 and I2 outputs on adders 37 and 39 consequence. The 12 input word during this t4 to ts word 
has the effect of adding the two input words together, time interval comprises the average of the MD1 word 
dividing their sum by two, and rounding this quotient to 5 and the MD257 word, namely, the average, W a')'• of 
the nearest integer. (For the illustrated embodiment, words W a and W '>'' The 13 input word during this time 
quotients containing! are rounded downward.) That is, interval comprises the average of the MDO word, the 
a I 3I 2 output word of either adder 37 or 39 is substan- MDI word, the MD256 word, and the MD257 word, 
tially the average of the two simultaneously occurring namely, the average, W aPyl/I• of words W a• WP• W '>'' 
input words. For instance, assuming that at a particular 10 and W 1/1· During the first half of this t4 to ts time interval, 
word time the most significant bit (MSB) ofMD257 is 1, S3 is low and the multiplexer 45 output word is the 
the least significant bit (LSB) of MD257 is l, the MSB average indicative word W a . During the second half 
and LSB of MDI are respectively 1 and 0, the adder 37 of this time interval, S3 is high and the multiplexer out-
I3 output will be 1 and I2 will be 0. Using decimal put word is the average indicative word W aPi'l/I' In a 
equivalents, inputs of 3 (i.e., 1 1) and 2 (i.e., 1 0) to adder 15 similar manner, during the first half of the next word 
37 yield an output of 2 (i.e., 1 0), the least significant time interval ts to t6, S3 is again low and the multiplexer 
output bit (i.e., !) having been dropped. output word is W Pl/I· During the :second half of this ts to 

With the adder 43 receiving adders 37 and 39 outputs, t6 time interval, S3 is high and the multiplexer output 
and a "1" at C;m using only adder 43 I 4 and I 3 outputs word is the average indicative word W Pl/J'Aw Images 
has the effect of adding four words together, dividing 20 representative of W a')'• W aP')'l/I• WM• etc., are thus 
this sum by 4 and rounding the resultant quotient to the painted in succession in the recited order as shown in 
nearest integer. (Adding the 1 at C;n assures upward FIG. 3c along a scope trace shifted approximately one-
rounding of quotients containing three-fourths yet half degree on the display from the trace containing 
maintains downward rounding of quotients containing Wm W aP• etc., and constitute a "fill" line of display. 
one-half and one-fourth.) Thus, a I 4 I 3 output work of 25 Following this display "fill" line, the entire process as 
adder 43 is substantially the average of four predeter- above-described, is repeated such that the next display 
mined memory data words. line comprises images for W y• W 'Yl/I• W 1/1• W 1/llL' W,.,. etc., 

Turning now to FIG. 5, therein is shown a magnified and then another "fill" display line. And so on. 
version of the t1 to t6 time interval of FIG. 4. During the It will be apparent to those skilled in the art that the 
t1 to t2 word time interval, the MDO word is Wl/I, the 30 128th word of each memory line becomes averaged 
MDI word is W '>'' the MD256 word is WP• and the with the first word in the succeeding memory line, and 
MD257 word is W a· Each of these words, as shown in also that each word in the 90th memory data line be-
FIG. 2b, represents a specific segment of the searched comes averaged with its corresponding range interval 
space and more particularly, these four words represent memory data word in line I. Also, the four word aver-
four mutually contiguous segments of the searched 35 ages in the last fill line are subject to a combination of 
space. Since MDO is tied directly to the multiplexer 45 these effects. Due to the nature of typical targets ob-
10 input pair, the Io input word during this word time served however, this feature has shown no potential for 
interval is W a· Since S4 is low and switch 41 is in the interfering with. data interpretation. Moreover, these 
FIG. I illustrated position during this word time inter- averages along the display extll'emities could be pre-
val, the 11 input word comprises the average of the 4-0 vented from causing any possibfo misinterpretation, or 
MD256 word and the MD257 word, namely the aver- from even being displayed if so desired. For instance, 
age W aP of words W a and WP· Since S4 is low and video blanking during these word times might be em-
switch 51 is in the FIG. I illustrated position during this ployed. Or the words themselves during these word 
time, it is inconsequential what words appear at multi- times could be forced to a predetermined value such 
plexer inputs I2 and 13. (These words are, however, 45 that the display contained a definite border. 
shown in FIG. 5.) During the first half of this time It should also be noted that although the main mem-
interval, S3 is low and the multiplexer 45 output word is ory data is arranged for R-9 display scanning, the same 
W a· During the second half of this time interval, S3 is principles of smoothing may be applied whether the 
high and the multiplexer output word is the average memory data is arranged for X-Y display scanning or 
indicative word W aP· 50 "arc" scanning. 

In a similar manner, during the first half of the next Thus, while a particular embodiment of the present 
word time interval t2 to t3, S3 is again low and the multi- invention has been shown and/or described, it is appar-
plexer output word is WP· During the second half of ent that changes and modifications may be made therein 
this t2 to t3 time interval, S3 is again high and the multi- without departing from the invention in its broader 
plexer output word is the average indicative word W PA.· 55 aspects. The aim of the appended claims, therefore, is to 
Images representative of words W a• W af3• W p. W PA.• cover all such changes· and modifications as fall within 
W 'A• etc., are thus painted in succession in the recited the true spirit and scope of the invention. 
order as shown in FIG. 3c along the same scope trace, What is claimed is: 
the W aP image appearing between the W a and W p 1. In a radar system of the type including means for 
images, the W px image appearing between the W p and 60 receiving echo signals from targ,ets in a searched space: 
W x images, and so on. means for producing, from the received echo signals, an 

During the ti to ts word interval, it is seen that the array of digital words representative of the searched 
words of MDO, MDI, MD256 and MD257 are the same space; and digital memory means for storing for a pre-
as during the t1 to t2 time interval above described. determined time at least words W 0 , Wb, Wco and Wdof 
During this t4 to ts time interval, however, S4 is high and 65 said array of digital words, said words W a• W h• W c and 
thus the switch 41 at the input of adder 39 and switch 51 W d corresponding to four mutually contiguous seg-
of multiplexer 45 assume the positions opposite to that ments of the searched space, the W c corresponding 
illustrated in FIG. I. Thus, during this time interval segment being at the same range as the W a correspond-
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ing segment, the W d corresponding segment being at 
the same range as the W b corresponding segment, and 
the W b corresponding segment being at a range differ­
ent from the W a corresponding segment, the improve­
ment comprising: 

means for producing (i) a digital word Wah which is 
substantially the average of digital words W a and 

s 

W b , (ii) a digital word Wac which is substantially 
the average of digital words W a and W c• and (iii) a 
digital word W abed which is substantially the aver- 10 

age of digital words W a• W h> W c• and W d• and 
means, including display means, for producing dis­

play images corresponding to said words W a• W h> 

We, Wd, Wab• Wac• and Wabcd• and for controlling lS 
the location on said display means of the display 
images corresponding to the stored words and the 
produced averages such that the image corre­
sponding to the word W ab is displayed between the 
images corresponding to the words W a and W h• the 20 
image corresponding to the word Wac is displayed 
between the images corresponding to the words 
W a and W c , and the image corresponding to the 
word W abed is displayed substantially centrally of 
the images corresponding to the words W a• W h• 2S 
We, and Wd. 

2. In a radar system of the type including means for 
receiving echo signals from targets in a searched space; 
means for producing, from the received echo signals, an 
array of digital words representative of the searched 30 

space; and digital memory means for storing for a pre­
determined time at least words W a• W h> W"' and W d of 
said array of digital words, said words W a• W h• W c• and 
W d corresponding to four mutually contiguous seg-

3
s 

ments of the searched space, the W c corresponding 
segment being at the same range as the W a correspond­
ing segment, the W d corresponding segment being at 
the same range as the W b corresponding segment, and 
the W b corresponding segment being at a range differ- 40 
ent from the W a corresponding segment, the improve­
ment comprising: 

means for producing (i) a digital word Wah whose 
value lies between the values of words W a and W b 

, (ii) a digital word Wac whose value lies between 4S 
the values of words W a and W"' and (iii) a digitial 
word W abed whose value lies between the smallest 

so 

SS 

60 

6S 

and largest values of the words W a• W h• W"' and 
Wd, and 

means, including display means, for producing dis­
play images corresponding to said words W a• W h• 

W"' W d• W ab> W ae> and W abed• and for controlling 
the location on said display means of the display 
images corresponding to said words such that the 
image corresponding to the word W ab is displayed 
between the images corresponding to the words 
W a and W h• the image corresponding to the word 
W acis displayed between the images corresponding 
to the words W a and W"' and the image corre­
sponding to the word W abed is displayed substan­
tially centrally of the images corresponding to the 
words Wa, Wh> W"' and Wd. 

3. In a radar system of the type including means for 
receiving echo signals from targets in a searched space; 
means for producing, from the received echo signals, an 
array of digital words representative of the searched 
space; and digital memory means for storing for a pre­
determined time at least words W a• W h• W"' and W d of 
said array of digital words, said words W a• W h• W c• and 
W d corresponding to four segments of the searched 
space, the W c corresponding segment being at the same 
range as the W a corresponding segment, the W d corre­
sponding segment being at the same range as the W b 

corresponding segment, and the W b corresponding seg­
ment being at a range different from the W a correspond­
ing segment, the improvement comprising: 

means for producing a digital word W abed whose 
value lies between the smallest and largest values of 
the words Wm Wh> W"' and Wd, and 

means, including display means, for producing dis­
play images corresponding to said words W a• W b• 

W"' W d• and W abed• and for controlling the location 
on said display means of the display images corre­
sponding to said words such that the image corre­
sponding to the word W abed is displayed substan­
tially centrally of the images corresponding to the 
words Wa, Wb, W"' and Wd. 

4. A radar system as defined in claim 3 wherein said 
digital word W abed is substantially the average of said 
words Wa, Wb, W"' and Wd. 

5. A radar system as defined in claim 4 wherein said 
four segments of the searched space are mutually con­
tiguous segments. 

• • • • • 


