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Introduction 

is an investigation he 8tUdy document^ by this report 
radar viïeo pJScessina l S requirements related lo 
computer processif aJiroíc^ í. K »10!! °f Practical a"d impractical 
algorithms for the video processina^unrtin111 thI°U9h evaluating numerous 
Study is a delineatinn «fPt? * fl functlons- The end result of the 

of function allocations between^snpHa^h^H"'6111'8 f°r several variations 
computer. Throughout the report ?evice and the digital 
Radar Digitizer and the commit^ îîf device "ül be called the 
(I0P). Except for th^proceîs of thC InPut/0utPut Processor 
Stud, i, limited to exploration íf “dar píoíe^ínõ îhe^ê.eô'8' ^ , 
is assumed to be that of the Automat pH PaH«.,. t*81?9’, P beacon processing 
carrentl, „„der development. The study Is undertaken as““ ifthe"«^ 
III Expansion Contract DOT FA70WA-2289. f 1 01 tne A " 

which will establish a desigS for an ea?íí10DeraHÍ!!lrlmride,n0nStratÍ0n model 
suitable for installation at critical termlJÎ? ÎÎ " 1 ïad8r trackln8 system, 

i:a;yd;“;Âir,í?“::tí;ii%H£FiK'v“o^“"SH;í‘‘ standpoint of computer processina and aPProaches are feasible from the 
tien o, design ideas“ C^^^.liy"?» .“í"“!“"1/" 
IS considered as a concept study which wilwLl^Ti! de8l;n docun,ent* but 
design effort. Beyond considerina thp fluidance for the later 
the computer, a seíoíd Objective is to öZJn 9 n °f the °Vera11 role of 
processing algorithms That is fJLLÍV rePertoire of feasible 

Processor (TMRVDP) and the Produrtlnn rn rmina? ^dified Radar Video Data 
the enroute (NAS) svstem unu,0 mmon Digitizer (PCD) developed for 

concepts demonstrated In'certain'minury'sjsiems”''0'' alS° been 8iven t0 

Of al8MUb"s “ »« - Objective 
to tried art proven technloSei ¡¡.«.é l, ' are ""‘“‘f ‘¡"Itod 
changed to better suit S,!; , T 1 "í"6 an al8orithm is slightly 
provided to deÍÍÍ,t;«e Ue imï.«PÎre"t;,,°": " P«rform.nce evaluation is 
this is the analî!,' f ,11 *“cb a change. A notable example of 
the TMRVDP. * S Correlated Feedback (SCF) concept utilized in 
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The method for estimating the computer processing time and memory require¬ 
ments is to investigate the actual techniques of programming the functions 
in the computer. To accomplish this, actual computer instruction sequences 
and data layouts were investigated for each of the functions examined. 
Based on the above method and on system capacity goals, estimates of process¬ 
ing time is generally given in two forms. The first form is an algebraic 
expression defining the required computer time per second as a function of 
certain variables, e.g., the number of targets. The percentage of time 
required on the basis of a given set of variables is the second form. These 
variables are identified in a later paragraph. 

Where provided, the analysis of algorithm performance is based either on 
mathematical models or on Monte Carlo type simulation. The mathematical 
models are generally from the area of probability theory. Detailed explan¬ 
ations of the models are not usually provided in order to avoid deviating 
from the main topics. Monte Carlo simulation of the target detection func¬ 
tion is presented in one of the appendices to compare two significantly 
different approaches to that function. 

(B) System Parameters. Throughout the report, computer requirements 
are stated in terms of variables which are parameters relating to the radar 
system, the beacon system, and the surveillance area covered by these systems. 
These variables and their specific values are given below. The values listed 
represent the system requirements to which the Basic RDAS will be designed. 
For easy reference, this set of variables with their assigned values, are 
referred to as the standard parameters. They are as follows: 

Hadar Symbol 

Range Quantization (in nautical miles) q 

Maximum Range R 
in 

Number of 30-bit Quantized Video Words Nw 
per Sweep (trigger) 

Pulse Repetion Frequency (PRF) f 

Beamwidth at Half Power Points (degrees) 

(number of sweeps)BW^ 

Scanning Rate (revolutions per minute) (i) 

Value 

1/16 nm 

60 nm 

32 

1200/second 

1.5° 

20 

15 rpm 

Beacon 

Pulse Repetition Frequency (PRF) 

Beamwidth at Half Power Points 
lB 

«B 

400/second 

3° 

2 



Environment Symbol Value 

Number of Radar Targeta/Second 

Number of Beacon Targets/Second 

Number of Beacon Fruit Responses/Sec 

N, 

N, 

N, B 

F 

R 
63 

100 

125 

Mlscellaneou» 

Target Detection Window Length 

Computer Memory Cycle Time 

W, L 
17 

750 nanoseconds 

All references to miles in the above table and throughout the entire report 
are understood to be nautical miles. The value stated for Nr is to be inter¬ 
preted as representing processed (reported) targets both from actual aircraft 
and other interference, e.g., clutter. The fruit rate stated pertains to 
the fruit transferred to the computer via the Beacon Data Acquisition Sub¬ 
system (BOAS). In practice, this would be the fruit not eliminated by a 
hardware defruiter. Based on a field data obtained through tests at the 
National Airspace Facility Engineering Center (NAFEC), a fruit rate of 
100/second is considered to be higher than necessary; however this rate is 
considered acceptable for purposes of this study. The time and memory require¬ 
ments for the computer processing are based on the assumption that the com¬ 
puter is the one which is specified for ARTS III. In particular, the time 
calculation assumes execution with the IOP operating with a dedicated memory 
module. The statement of these assumptions is not intended to constrain 
the possible operation of the Basic RDAS in a multiprocessing computer 
configuration. Rather, the significance is to provide a firm basis upon 
which time estimates can be made. 

The processing time is calculated on the basis of memory cycle times (¿t) 
which is taken to be 750 nanoseconds (nsec). The purpose of this policy is 
to simplify the calculation of execution time for program sequences. The 
actual instruction execution times, as stated in the design document (Refer¬ 
ence 1) for the IOP, vary somewhat for different instructions and even for 
different modes within an instruction. For example, an add instruction 
requires 1.4 microseconds (¿¿s) if executed with a constant within the instruc¬ 
tion word, and 1.5 ps otherwise. Similarly, a logical product instruction 
requires 2.05 ps if executed with a constant within the instruction word 
or 2.15 ps, otherwise. The execution times assigned in this report are 
values which are integral multiples of memory cycle times (750 nsec). In 
all cases except,multiply instructions, these multiples are upper bounds. 
Hence, the assigned values yield execution times greater than or equal to 
the actual times. For the instructions mentioned above, the assigned 
execution times are two memory cycles (1.5 ps) for the add, and three 
memory cycles (2.25 ps) for the logical product. Multiply instructions 
are assigned execution times of 12 memory cycles; whereas divide instruc¬ 
tions are assigned 16 memory cycles. Transfers of 30-bit data words 
either into or out of the computer are defined as one memory cycle (750 nsec) 
per word. 

3 



morfÜ?! ÎH'Ï** asîUmplii0n (con«traint) is that only one lOP and one memory 
i« th f ass^0ne^ 10 the complete radar/beacon processing task. That 
o¡¿ i op MPilo?v°re,Sín9 tlme raU,t be limlleá t0 which can be handled by 

Me"Jry requirements must be less than 16,384 words. As such, the 
r bility of an approach implies the above criteria must be satisfied. 

Drorp«\i!!ePfrt J)f9anization' The report addresses each of the major radar 
simmari^ indePendently, and then in the final section 
summarizes the total system processing requirements. In the following 
section, Video Processing Requirements, a brief discussion of the radL pro¬ 
cessing problem is given for the purpose of identifying and defining what 
nn^Ouantization6 ®JCOmplish®d* ?he subsequent section, Video Selection 
jnd Quantization, discusses functions related to preparing the analog video 
for computer processing. This includes the discussion of the type of 
video which should be transferred to the computer, how the computer can 
assist in Vhe control of thresholds for the quantization process, and the 
impact of handling two types of video. The next major section, Target 
ti!nCtî,hïnÜn? Baamsplitti"fi’ »Presses the principal radar processing fuñé¬ 
is given*to the^obllm^f^if"? of Argets. Considerable attention given to the problem of eliminating radar noise data. The remainina 

f'Ín¡;tions are discussed in the section entitled Ancillary fînctions 
tion of pH ea5°n data* c°rrelation of radar and beacon data, and utiliza- 
ion of tracking feedback information are the three main topics. Examples of 

total processing requirements are given in the Conclusion. PThese examples 
differentenproc®s!In9 Jime and "»emory requirements change under 
ifferent allocations of functions between the digitizer and the IOP Thr** 

thPmpdÍfeeare provlded t0 address topics somewhat extraneous to the main 
theme of the report The intent of the first two appendices is to show 

at essentially equivalent performance can be expected even though the 

in the past. The final appendix is simply a review of the statistical 
formulation for one of the target detection algorithms. 

The level of content in the test assumes that the reader has some haev 
!id2!«Md!hnÜ req“ira"ents of »«or processing end else some 

detened ,:eL.i^eVd0“cnP;!i■.„P^?dt¡Seï,;.r^"cPè,ÍJ,Vc#;nc^P5utee,' 

probabintr::r!r;aûi::Lner'h:op7isc::;u:ed,8iriîtrï:;;Lï' 

with reference to the ARTS III IOP. edge, of course, is 
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Video Processing Requirements 

Stated succinctly, the purpose of a radar video processing system is to 
statistically detect targets by operating on the analog video signal from a 
radar receiver and to output target position estimates (range and azimuth). 
In order to accomplish this task effectively, the system must fulfill cer¬ 
tain basic requirements. These requirements can be divided by function 
into five areas: 

1. Video Selection 
2. Video Quantization 
3. Target Detection 
4. Position Estimation 
5. Radar/Beacon Correlation 

Figure 1 is a simplified block diagram illustrating the relationship among 
the functional requirements mentioned above. 

(A) Video Selection. Several types of video could be available to the 
system. Among these are normal, moving target indicator (MTI), their respec¬ 
tive log videos, and their respectivo log-fast time constant (FTC)-antilog 
videos. The first stage in video processing involves choosing the one to be 
used over a given region of the radar surveillance area. For example, it 
might be desirable to use MTI video in an area of ground clutter or log-FTC- 
antilog video in areas of weather clutter due to its non-saturating properties. 
The video selection mechanism may be an automatic procedure or may be based 
on manual entries. Automatic procedures are discussed in the section 
entitled Video Selection and Quantization. 

(B) Video Quantisation. After video selection has been performed, 
quantization of the analog video signal takes place. Figure 2 is an illus¬ 
tration of a portion of a typical return pattern generated by one radar 
sweep. 

The time lag of the return signal is directly proportional to the dis¬ 
tance traveled by the radar pulse. It is therefore possible, using timing 
circuitry, to partition the amplitude curve into 1/16 mile range intervals. 
Quantization is accomplished by comparing the amplitude of the radar return 
in a given 1/16 mile interval to a voltage threshold,Jl. If the amplitude 
exceeds 0, a logical ONE is generated for the position corresponding to the 
range interval in question. In this manner the analog signal from each 
radar sweep is quantized into a binary sequence. 

The control of the quantization threshold, ß, is extremely important to 
the performance of the entire system. The level at which it is set deter¬ 
mines the percentage of ones which will appear in the quantization sequence. 
Ideally, this threshold should be controlled so as to minimize the probab¬ 
ility of a one being set by noise alone (Pn). while insuring that the prob¬ 
ability of a one being set by an actual target return is high. It is 
desirable from a target detection standpoint to control the ß so that Pn 
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Dlisw tíhe *1* radar surveillance flrea. This is usually accom- 
plished through the use of some sort of feedback system. Various methods 

andtQuantizationtr°1 8re di8CU8,ed in the 8ection entitled Video Selection 

th (C)a ?*tectlon* The n«t step in video processing is to analyze 
iït oí!!!11?60 video1í° ^termine whether or not a target is present. Target 
detection is accomplished on the basis of the density of the hit pattern y 
located at the same range on consecutive sweeps. If the density is high 
a target is declared at the range in question. This density may be measured 
in yärious ways. The most common method is to count the number of hits in 
a fixed number of adjacent sweeps - this number being approximately equal 
lu ?! ra!a? b?am width "" and 10 con,Pare this count to a threshold. If 
the threshold is exceeded, a target is declared. The proper setting of 
this threshold is very important. If it is too low, many false alarms will 
result, whereas if it is too high, weak targets will not be detected. 
Methods of controlling this threshold are discussed in the section entitled 
Target Detection and Beamsplitting. 

(0) Position Estimation. The result of the target detection stage is 
- dec.aration that a target is present at a certain range. In the position 
estimation stage, the azimuth of the target is estimated and a position 
estimate is provided in terms of range and azimuth (R,0). Several methods 
of position estimation are discussed in the section entitled Target Detec- 
tion and Beamsplitting. Each of these methods investigates the hit pattern 
of the target to make an estimate of target azimuth position. 

corrp^atoHda?the!!°nKCOrrelatl?,,í the radar position estimate is 
correlated with the beacon position estimate. A single target report is 
produced if the radar and beacon reports are sufficiently close together. 
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Video Selection and Quantization 

This section contains an investigation of processing requirements for 
selecting the type of video, control of the quantizer threshold, and trans¬ 
fer of radar data to the computer. The prime objectives are to determine 
what input, control, and selection techniques are feasible for implementa¬ 
tion in the digital computer. As part of the objectives, the sensitivity 
of methods to changing parameters, e.g., range quantization and amount of 
data stored, is brought out. The use of the term "sensitivity" is inter¬ 
preted as the change in computer processing time, memory storage require¬ 
ments, and the capability of a method to perform its intended function. 

The problems of video selection, quantization, and input of data into 
the computer are separated into four topics. The first main topic of dis¬ 
cussion is that of inputting data to the computer. Here the discussion 
settles on what type of data should be input, how much must be stored, and 
how much computer time is consumed for buffering and controlling the input 
process. The second topic addresses control of the quantization process. 
Only one concept, Scan Correlated Feedback (SCF) is treated; however, 
two alternatives of the basic concept are discussed and evaluated for 
time and core requirements. Next, the implementation of video selection 
is considered through another application of (SCF) concept. An alter¬ 
native, that of inputting two types of video to the computer, is also con¬ 
sidered. The final topic investigates methods of implementing range strobe 
elimination. 

(A) Input of Radar Data. The determination of what and how much radar 
data to bring into the computer is strongly dependent on the type of pro¬ 
cessing considered for the data. Therefore, this discussion could be 
put off until after the topic of target detection and beamsplitting; how¬ 
ever this is not necessary since the amount of knowledge required about 
the detection process is slight. The reader need only have an understand¬ 
ing of the conventional sliding window target detection process to follow 
the discussion of this subsection. Furthermore, discussing the topic of 
input first, establishes practical limits on the amount of data a target 
detection algorithm can call upon. 

Two types of processing may be imposed on the radar data in the computer. 
The first and most important is to detect and locate the position of radar 
targets. The second is for control of the conversion from radar analog 
video to digital (binary) form. The data for the target detection function 
places the greater demand on the computer. Hence, the discussion in this 
subsection will be directed primarily towards furnishing data for this 
latter requirement. As will be seen, the additional requirements for 
data with which to coitrol the quantization will either be small or of the 
same form as the data for target detection. 

The type and amount if data required in the computer for target process¬ 
ing depends on whether the detection function is accomplished in the Radar 
Digitizer or in the computer. A detailed investigation of the data 
load for both of these schemes is provided in the following paragraphs. 
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(1) Detection of Radar Targets in the Digitizer. Receiving only 
detected target reports would be a feasible task for the computer. 
The average data rate would be low relative to the computer capacity. 
The only problem would be to handle two or more target detections occuring 
during the same sweep and at nearly equal ranges (e.g. within Yi mile). 
The average data rate would simply be related to the design parameter NR, 
that is, the number of radar targets per second. Considering the maxi¬ 
mum range of 60 miles and a range accuracy of 1/16 of a mile, then 10 bits 
would be needed for expressing range. With an azimuth granularity of 4096 
Azimuth Change Pulses (ACP) per revolution, 12 bits are required for azimuth 
(figure 3). Hence, one 30-bit computer would would be sufficient for 
each report. The corresponding average data rate for Nr = 125/seconds 
presents no problem. With respect to peak data rate, the maximum input 
rate for the IOP is 420,000 words/second or one word every 2.4 us. This 
period of time corresponds to about 3/l6 of a mile of data. Assuming a 
capability of resolving targets separated by only 1/8 miles, some provision 
for queueing reports in the hardware would be necessary. This requirement 
could easily be handled with one or two holding registers. Lastly, the 
problem of storing target reports in the computer is also simple because of 
the small average input rate. The input time, which consists primarily of 
controlling the input sequence, is 1.1 percent. Memory requirements are on 
the order of 100 words. In summary, this type of input would place no 
significant demands on the computer. In fact, the only required computer 
processing of the target reports would be to correlate the radar data with 
the beacon data. 

A minor modification of the above concept would be to have the hardware 
detect the leading edge of the target and then transfer quantized video from 
that vicinity. For example, the hardware could detect leading edge using 
the sliding window concept. At this point the hardware could transfer range, 
azimuth, leading edge threshold, and the present quantized video within.the 
sliding window. See figure 4. The hardware would then set a target in 
process flag and collect another window of quantized data over the next WL 
sweeps. This too would be transferred to the computer with range, 
azimuth and leading edge threshold. This process could be repeated perhaps 
once more to insure the computer has all of the quantized data from the 
target. The benefit sought through this type of input scheme would be 
improvement in rejection of clutter data and beamsplitting accuracy. It would 
also permit estimating target signal strength. This would presumably be 
obtained through application of a sophisticated processing algorithm, via 
the computer. However, at this point the merits of the scheme are not the 
prime concern. Rather, computer requirements are the prime concern. 

The input and storage requirements for this method would be similar to the 
previous, and again the only significant problem would be handling targets 
at nearly equal ranges. Using the example of the previous paragraph, 10 
bits of range, 12 bits of azimuth, 5 bits of leading edge threshold, and 
W.-bits of video would be transferred three times per leading edge detection. 
Each such transfer would require two 30-bit words. Hence, the average data 
rate would be 6Nr. For Nr = 125 targets per second, the average rate is 
750 words/second. At 750 nsec/word, this corresponds to less than 0.1 
percent of the IOP time. Conflicts due to targets at similar ranges would 
have to be handled by queuing arrangement in the hardware. 
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Bit Position (1300130000(300] 

1 Spare Azimuth Range 

Ave. Data Rate = 125 wds/sec 
Max. Data Rate = 420,000 wds/sec 

Figure 3. Format for Input of Target Reports to I0P 

Spare Azimuth 3 Range 

Spare Bits of Video 

Azimuth 1, 2, and 3 are the respective azimuths 
of the 3 windows of video 

Ave. Data Rate = 750 wds/sec 

Figure 4. Format for Input of Target Lead Edge 
and Quantized Video in the Vicinty of 
the Target to the IOP 
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The delay between the flr.t and third tran.fers of the tar(,et data wonld 
S P!- Thereiore •efficient atorase area would hSye to be p?o- 
ïno ï»r?oi ÔrCÎTPUtîï »••í!'11 the d,u g»»«>ted during the correapond- 

» p' »X,« U"e (T = 2«L/f). For parpo,es of eatimatinS the atorage 

accoidÍÔÔ io6! pi?' Uríet? ff?,'1““*' IePort> »re distributed in azimuth 
í ÏV .c SSOn probablllt)’ distribution with mean rate of Nr. 

Then NrT is the average number of reports produced by the hardware in T 

averaoe* Thèr.^6“1"!“V' Wbr,t case «qui«"«» is three times this average. Therefore, at six words per target, 18 NRT is the estimated core 
requirements. For the standard parameters stated earlier, this amounts to 
o4 words. 

Control of the input process could be handled via a double buffer scheme 
wherein one of two alternating buffers are initiated to handle the data over 
a given period. A period could be one or more sweeps, preferably more 
such as three sweeps. The initiation of a period would be sensed via an 
interrupt from the hardware. Alternate switching between two buffers would 

nrü¡1IeKtcrSfÍríí,,a the rep0rt data t0 the holdinfl area mentioned above, 
the basis of three sweeps per period and a report rate of ND = 125 

comnu°nd' ( Í + 54 Nr) raem°ry cycl®s or P^ent oAhe 
computer time would be consumed. The input processing program would 
be small, squiring only about 30 instructions. Two buffers of about 
10 words each would probably be sufficient for receiving the report 

awfr°ftîhree sw?ePs* In summary, the input requirements for this 
alternative are 1.6 percent for time and less than 200 words of memory. 

(2) Input af Quantized Video. Departing significantly from the first 
two approaches is the idea of bringing all quantized video into the computer. 
This approach places a considerably higher demand on the computer, but as 
will become evident, the load is well within the data handling capacity of 

^\C!,mpUt<;r- The quanti*ed vIde0 each sweep would be formatted into 
30-bit words and transferred to the computer. For example, consider the 
quantization of radar data into two-level (0 or 1) for each 1/16 mile range 
interval, called range cells. A radar having a maximum range of 60 miles 

« ,UCAr#îie Cells- Slnce *he «""P^tude i* quantized into two 
levels, only one bit of a computer word is required for each range cell. For 
the case at hand, the number of 30-bit video words per sweep (Nu) would be 
3-. The range data would be serially shifted into 30-bit words serially as 
quantized; hence range order would be preserved. The zero bit of the first 
word for each sweep would represent the range interval 0 to 1/16 of mile. 
Bits 1 to 29 of this word would contain the data starting at 1/16 of a mile 
and increase consecutively in 1/16 of a mile increments to the range of 

/ miles. The quantized video for the next 1 7/8 miles would be consecu- 
tiyely formatted into the second word beginning at bit 0. The form for the 
third to the 32rd word would be similar. The layout of one sweep of data is 
illustrated in figure 5. The word (WDr) and bit (Br) position of a given 
range (r) would satisfy the following equation: 

r = (30WDr + Br)q 
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Bit Position 

Increasing 
Range 

jj«ijtf|»»lM|i4|iiiit|ii|io]n|i>|IT|lt|w|l4|ll|lt|ll|lo|t|t|T ii |7j7T7]7T7| 

1st Range Word 

Nth Range Word 

32nd Range Word 

Azimuth-Sync. Word 

Bit 
Position 1 0 1 1 0 

Expanded View of the Nth Range Word 

Increasing Range 

n 

• 0 1 0 0 0 1 0 

Each bit represents the quantization of 1/16 radar miles in range 

Ave. Data Rate = 45, OOO wds/sec. 

Figure 5. Quantization of One Range Sweep into 
Serialized Range Words 
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where q is the length of the range interval (1/16 miles) and the words are 
assigned numbers beginning with 0 and ending with Nw-1. The hardware would 
transfer each word to the computer as soon as all 30 bits have been filled. 
Thus, a word will be transferred, approximately, every 22.5 u*, since round 
trip time for radar data, which travels at the speed of light, is approxi- 

12 ^8/radar mile* The 22.5 jis/word corresponds to a rate of roughly 
45,000 words/second which is well within the single channel capacity of the 
computer (420,000 words/second). 

For the purpose of maintaining computer synchronization with the hardware 
and for determining the azimuth corresponding to a given sweep of radar data 
an azimuth/synchronization word would be transferred after the last video 
word of each sweep. Thus, the total words for a sweep would be N# + 1. 
The question of how much of this quantized video should be held is a subject 
of the following paragraphs. 

By the nature of the serial processing characteristics of a general 
purpose digital computer, it is desirable to operate on block of data at a 
time« That is, it is more effective to buffer a moderate size quantity of 
data and process in blocks of the same size than to attempt to operate on 
each word directly as it enters the computer. The reason for this is that 
the requirement of the computer program to determine when a word is in memory 
would expend essentially all of the processing time. So then the question is, 
what is a reasonable size for the data? The answer to this question involves 
trading off processing time and flexibility against storage requirements. 
The discussion in the following paragraphs begins with consideration of a 
sirtgle sweep, and then moves on to the multiple-sweep case. The result is 
a recommendation of about 24 sweeps for the Airport Surveillance Radars (ASR). 

To input one sweep of data while processing another is not practical for 
the ASR. The period between sweeps is very small — for f = 1,200, the 
period is 833 ¿js. This short period would impose severe constraints on the 
length of time that could be used in searching the data for targets. As 
will be seen in the discussion of Target Detection and Beam Splitting, much 
of the quantized video can be rapidly scanned. However, upon indication of 
a target, the processing time to make the target detection decision is 
on the order of 300 ßs. This is a large portion of the 833 per sweep period 
Furthermore, the target detection techniques, e.g. the sliding window, 
require a number of sweeps of video equal to the window length. Therefore, 
at least Wl sweeps of quantized video must be held in the computer. If 
this is the case, there is little to be gained in inputting on a one sweep 
I) 9 S1 S • 

Consider next an input scheme with three buffers, each of which is long 
enough to store N sweeps of data. Imagine the buffers arranged as in figure 
6 and assign three functions to the buffers as follows: 

1. Buffer A — history area 
Buffer B — processing area 
Buffer C — input buffer area. 
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The input buffer area is reserved for N sweeps of new quantized video. 
The processing area is N sweeps of quantized video to be processeci while 
the input buffer is filling. The history area is used in conjunction 
with the processing area to provide sufficient quantized video for the 
sliding window detectors. That is, the detectors require Wl sweeps of 
video. The joint processing and history areas help to fulfill this require¬ 
ment. When Buffer C is filled, the processing of data in Buffer B has to 
be complete so that the assignment of buffer functions can be permuted as 
follows: 

1. Buffer A — input buffer area 
2. Buffer B — history area 
3. Buffer C — processing area 

After the next N sweeps, the functions are again permuted. The input 
sequence continues in this manner with assignments being permuted every 
N sweeps. 

The choice of the number (N) of sweeps per buffer is now discussed. 
Although N = W^ seems like a logical choice, it is possible to design tar¬ 
get detection algorithms which require that only Wl/2 sweeps be held in 
the history buffer. Hence, the lower limit on the choice of N is Wl/2. 
At the other extreme, the maximum buffer length of the I0P is 1,024 words. 
This requires that N be limited to l,024/(Nw + 1), since (% + 1) is the 
total number of words received each sweep. Therefore N must satisfy the 
following inequality condition: 

W. /2 s N * 1.024 

\ + i 

Considering a target detection window length of 17 and 32 words of 
quantized video per sweep, N is bounded as follows: 

9 £ N * 31 

Some other system design criteria may also be applied. It is intended 
that the ROAS operate in a time-sharing mode initially with beacon proc¬ 
essing and eventually with other functions. This imposes another restric¬ 
tion on the length of the buffer. For successful time-sharing operation, 
it is desired that the repetition rate or calling frequency of a function 
be kept low to minimuze program overhead. Although the ARTS HI criteria 
has not yet been specified, a repetition rate of 50 times per second (every 
20 milliseconds) would probably be reasonable. 

Applying the above criteria to choosing a buffer length would result in 
an N of 24. That is, choosing a processing repetition rate of Rr = 50/ 
second and having a radar PRF of f = 1200 yields N = f/Rr = 24. With 
these guidelines it is now possible to get estimates of processing time for 
controlling the input sequence and also for the amount of memory storage 
required. 
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time^fequîred í170’ C0"”8"d chai"' 
be set up to Initialize Buffers A B^nd thenV! Ihe Ch“in K0“ld 
Buffer C, the chain would loon h*\ tn ♦„ hí ? sequentially. Following 
A. To provide indicators fo/rnîïî/ íeflinnin9 and reinitiate Buffer 
would set a buffer-in-processing flaa&atn?hpnhUtWÍÍh prJcessln0' thp chain 
clear this flag at the end of tSJ w th be9lnning each buffer and 
flag would be îelîeS to.« V 
input, that is whether »Hp Processing is in proper sequence with 
corresponding input. This would was e*tber ahead or behind the 
about 0.1 percent of the IOP time for both fh°rder of ?° instructions and 
input chain. f b th the Processing program and the 

The1!”? :z: í.orÂ)pib'.«fsr,,círis a 
required by the tHpi^ bÄ^« '.S X ) .“^."ntb'Ir'íf’Tï’ 

«¡Jé ;iûmL.TitT"‘\'"‘"r6 c^'ce'^ »"d" 
data end controlling the sequence is also^hoil!!"“ ' ,0r bufferin8 ,ide0 

Table I. Input Buffer Memory Space and Time Requirements 

Quantization 
nk Me mory Storage (words) Buffer 

Time 
(percent) 

Minimum N Preferred N Maximum N 
1/8 

1/16 

1/32 

16 

32 

64 

459 

918 

1,836 

1,224 

2,448 

2,925 

3,060 

3,069 

2,925 

1.6 

3.1 

6.0 

sldered?* I” bS,lc »PProache, have been con- 

the .iclnity of .“.ídw« Se Líêd .T* Z\tim the hardwre “"If 1" 
sidered there, computer reoulrementi'foî'îû f°r tb? tw0 alternatives con- 
On the second approach^ which iTtÍ1íôú, Ín P“t í“nCtÍOn are s"al>- 
requirements are significantly lareerAn 11 qUa,,tlzed vide0* the memory 
small. Table II pmid« I .L.r? ‘he Processing time remaiis 
the three input sc'hemes? Seca™:^^'"8, " !;.0,fi„,:0i?ldarat'“aa f“" 
to the computer and subseouent romm.tp^ nterrelationship between input 
choose an input scheme at^his ooint Processin9. it is not meaningful to 
be performed in the^tír onlî îî'an î"061 detection could 
ever, since the proces“i„¿ for íír , et2c ?o 'h» T U l"m‘ Ha- 
no firm recommendation can be made9 Thp zh ?#,n0t yet been analyzed 
«bis pom, i. th,t all threeM^'scSeriie'f“:;^"1 C0,Kl“Sl8” " 
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(B) Control of Quantizer Thresholds. One of the most critical func¬ 
tions of a digital video processing system is the control of the clip level 
used in quantizing the analog radar video to binary data. Numerous tech¬ 
niques are available for this function. For example, the following 
are under consideration for the Basic RDAS: 

a. Fast/Slow Feedback (from the PCD) 
b. Digital Fast Time Constant (from the Weather Outline Generator) 
c. Scan Correlated Feedback-SCF (from the TMRVDP) 

Of these, the only one which is considered as a candidate for computer 
implementation is the SCF. The other two require too fast a response for 
the computer to participate and also require operation on analog radar 
video. Nevertheless, these techniques are important candidates for hard¬ 
ware implementation. In the discussion which follows, the processing tire 
and core requirements for the TMRVDP version of the SCF and two alternt 
tives are examined. 

(1) Scan Correlated Feedback. The SCF system is a quantizer thres¬ 
hold control system which partitions the entire radar surveillance area 
into zones and permits independent selection of thresholds in each zone. 
Its operation in each zone is essentially that of an infinite history 
controller. The number of ones produced in the quantized video of a zone 
during one radar scan is compared with a control parameter. On the basis 
of whether the count is greater than or less than this parameter, the quan¬ 
tizer threshold is raised or lowered for the next scan. The concept util¬ 
izes 64 threshold levels covering the voltage interval of the analog radar 
video. A block diagram of this concept is shown in figure 7 and analysis 
of the SCF can be found in Appendix A. 

Computer implementation of the SCF concept as defined for the TMRVDP 
requires a considerable expenditure of processing time. An actual SCF 
program instruction sequence was derived and analyzed for execution time. 
The program design follows the TMRVDP, except for the size of the zones. 
Because the computer operates on 30-bit words, the length of a zone in 
range is taken as 1 7/8 miles. That is, for 1/16 mile quantization the 
number of range cells in a zone would be 30. The program design also 
assumes 32 Azimuth Change Pulses (ACP) per zone. For zones of other mult¬ 
iples than 1 7/8 miles and 32 ACPs the time would vary slightly. Further 
assumptions are that the noise level would be individually selectable 
in steps of 0.10 percent on a zone by zone basis. Noise levels in the 
interval of 0 to 25 percent may be chosen. The resulting formula for the 
computer processing time per second is 

(8f + 18,040 Nw + 18216 )/j 

Using the standard parameters, the corresponding computer time is 45.2 
percent. The memory requirements for program and data is as follows: 

Program 

Quantizer Threshold 

200 words 

2048 words 
Levels for 4096 Zones 

19 



Quantized Video 

Figure 7. Block Diagram of Single Stage Thresholding 
for Scan Correlated Feedback 
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Figures given to this point state the requirements for determining the 
thresholds, but do not include transferring the thresholds back to the 
digitizer for the next radar scan. This is the subject of the next para¬ 
graph. 

Because the thresholds for a given range can change, at most, once every 
32 ACPs, two approaches regarding the transfer of quantized threshold data 
to the digitizer are considered. The first approach requires the digitizer 
to hold the full range ensemble of thresholds (32 values) for the 32 ACPs, 
and then request that the next aximuth sector be transferred. The second 
approach has the computer repeatedly transferring the same data to the 
digitizer for each sweep in the 32 ACP sector, and then switch to the 
data for the next azimuth sector. Note the analysis for both variants of 
this method assumes two thresholds are packed into each 30-bit words 
(figure 8). Hence one azimuth sector requires 16 words. 

The output requirements for the first approach can be handled by a 
very simple output chain. This chain would buffer directly out of the 
table used in computing the quantizer thresholds. Further, it would utilize 
a sequence of 128 output commands (corresponding to the 128 azimuth sectors 
per scan) and automatically jump back to the beginning of the chain. Once 
in synchronization with the digitizer, the chain could run continuously 
and unattended. Provision for monitoring synchronization could be provided 
by having a routine to check on the processing once per scan. This monitor¬ 
ing function could be initiated via digitizer interrupt notifying the com¬ 
puter of the Azimuth Reference Pulse (ARP). Such a chain would require 129 
memory locations (plus a small monitor routine) and a negligible amount of 
processing time (on the order of 0.01 percent). In addition, this approach 
would require 192 bits of memory in the digitizer. 

The second approach eliminates the memory in the digitizer. On each sweep 
of an azimuth sector (32 ACPs), the same set of thresholds data is buffered 
to the digitizer. The output scheme for this approach also utilizes an 
automatic recycling output chain; however, one cycle of the chain would 
keep reinitiating the same buffer. Furthermore, once during each sector 
the radar processing program would be required to set up the buffer limits 
for the next azimuth sector. Memory requirements for the chain would be 
about 90 words. The time including buffering and output chain control 
would be about 1.6 percent. This output scheme is preferred over the one 
described above since the small increase in computer time would save on 
memory in the digitizer. 

The total computer requirements for this version of the SCF using the 
repeated buffering of thresholds is roughly 3,100 words and 47 percent of 
the I OP time. (See table III). This time is extremely high. The next 
paragraph addresses the modification of the SCF concept which makes it more 
practical for computer implementation. 
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Spare 

Xt 

15 wds 

to|it|ia|tr|n|is >l«|i|th [0 

T2-4 Spare 0-2 

Spare 
-Sfl^òQ Spare 56-58 

T0-2 = Quantlzer Threshold for SCF Zone from 0 to 2 mi, 

T58-60 “ Quantizer Threshold for SCF Zone from 58 to 60 mi. 

Max. Data Rate = 20,800 wds/sec. 

Figure 8. Format for Transfer of Thresholds to 
Digitizer from IOP (TMRVDP SCF) 
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Table III. Scan Correlated Feedback Concept 
Terminal Modified RVDP Version 

Time Memory 

Processing Program 45.2% 

Output 1.6 

46.0% 

Processing Program 201 words 

Output Chain 90 

Zone Thresholds 768 

Quantizer Thresholds 2048 

3107 words 

Note: The figures for processing time do not include the time to 
input quantized video. 

(2) Two-Stage SCF. The two-stage SCF, illustrated in figure 9, 
places a portion of the processing in the digitizer. The operation of 
determining whether the threshold for a given zone should be raised or 
lowered is performed in a two-level decision process. First, on each 
azimuth sweep the digitizer counts the number of video ones in each 2 mile 
interval. On the basis of a parameter called the range density threshold 
(Rl), a binary one or zero is generated for each range interval of a sweep. 
If the number of ones in an interval exceeds Rl, a one is generated; 
otherwise a zero is generated. At the end of each sweep the digitizer 
transfers to the computer the data for each two mile interval (30 bits) 
(Figure 10). The second level of test is performed in the computer. For 
each zone (2 miles by 32 ACPs), the computer checks to see if the number 
of times the range density was exceeded is above another parameter called 
the azimuth density threshold (Al), If the count is above, the quantizer 
threshold is incremented by one level; otherwise, the threshold is decre¬ 
mented by one. 

It has been determined that the two-stage technique provides nearly 
equivalent performance to the TMRVDP version. The substantiation of 
this claim is given in Appendix A. Note also that the number of zones for 
this approach is 3840 because the number of range segments (two mile inter¬ 
vals) is taken as 30 instead of 32. Noise levels for each zone are individ¬ 
ually selectable in steps of about percent from zero to 24 percent. 

Because the digitizer does the counting of the quantized video, the 
processing time in the computer is greatly reduced. The time and core 
requirements for the two-stage SCF along with a number of special alter¬ 
natives are given in the following paragraphs. 
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Figure 9. Block Diagram of Two Stage Thresholding 
for Scan Correlated Feedback 
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The basic process of determining whether to increment or decrement 
the quantizer threshold requires only 5.0 percent computer time. However, 
there are a number of remarks to make about the total requirement. First, 
as indicated in the description of the method, the digitizer must transfer 
the range density word at the end of each sweep. The time for this is a 
mere 0.09 percent, if it is input along with the regular quantized video. 
Furthermore, no additional input control logic is required. If the triple 
buffer input scheme (see section entitled Input of Quantized Video) is 
used with 24 sweeps per buffer, another 72 words of buffer space is re¬ 
quired. The second remark is that the processing time and core require¬ 
ments reduce as more thresholds are packed into one word. Recall that 
for the SCF method of the previous approach, two thresholds are packed 
per word. The values stated earlier in this paragraph are upon the basis 
of five thresholds per word. If 64 levels of quantizer thresholds are 
assumed, six bits are required for each threshold (figure 11). Hence, 
five is the maximum number of thresholds that can be put in a word. Fur¬ 
thermore, as a consequence of the five thresholds per word, the number of 
words per sweep decreases to six and the output time decreases. Assuming 
the output method which buffers the quantizer thresholds every sweep, 
the output time is only 0.72 percent. The total cost for the two-stage 
SCF is 5.8 percent in processing time and 1,885 in memory space. See 
table IV. 

Table IV. Basic Two-Stage SCF (5 Quantizer Thresholds/Word) 

Time 

Processing Program 

Input 

Output 

5.0 % 

0.09 

0.72 

5.8 % 

Memory 

Processing Program 

Output Chain 

Input Buffer 

Azimuth Density Thresholds 

Quantizer Thresholds 

1885 words 

One item which has not yet been brought out is the method for control of 
the digitizer range density threshold (Rl). The previous discussion tacitly 
assumes that Rl was already available to the digitizer; however it is 
important to consider just what options are available in choosing Rl. 
First Rl is the same for all zones in the surveillance area. The second 
option would be to have two possible values which would be selectable on 
a per zone basis. This could be handled by preceding the quantized 
threshold data for each sweep with one 30-bit word defining the Rl for 
each of the thirty zones (figure 12). The program for setting up these 
words would be small and the increased output buffering time and core 
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60 mi. 

2 mi/bit 
0 

Range Density Crossing Word 
(Each word represents one sweep) 

Data Rate = 1200 wds/sec. 

Figure 10. Format for Range Density Crossing Word 

T58-60 ~ Quantizer Threshold for SCF Zone from 58 to 60 mi. 

Max. Data Rate = 8,300 wds/sec. 

Figure 11. Format for Transferring SCF Thresholds to 
Digitizer from IOP (5 Thresholds/Word) 
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T!'1 ‘‘"u0,09 PerCent and 128 words' respectively. Finally the third and 
zoné ST1SÍ C,Med 0ptl°" WOuld Pevide the HI value individually for each 

. A suitable range of R1 values is zero to seven. This would imply 
thre, bus are required per zone or a total of ninety bits per azimuth Y 
sector. Because three words would be required for the HI variables n 
is not economical to transfer all Rls to the digitizer at the beeinñim, 
oí each sweep. The alternative is to pair the Rls and quantizedhres9 

Ids on a zone by zone basis. With three bits for the^ a d six büs 
or the quantizer threshold, only the parameters for three zones îoud he 

rmated into one 30-bit word (figure 13). Hence, the total number of 
. rds transferred in each sweep would be ten. The most significant fact 

ïou ";, !,' : :;Creaîed ‘1"-. which is 6.6 percent The ' 
ffect of the option can be seen by reviewing table V. The second 

opuon, that of having two possible Rls for each zone is preferred 
because it allows flexibility without a high cost in processing time. 

Table V. Two-Stage SCF(Independent R1 for Each Zone) 

Time 

Processing Program 6.6 % 

Input 

(»nt put 
0.09 

1.08 

7.8 % 

Memory 

Processing Program 

Output Chain 

Input Buffer 

Azimuth Density Thresholds 

R1 and Quantizer Thresholds 1280 

165 words 

90 

72 

768 

2375 words 

t ii re.hlÎT,311^1;!6.10 the *w0-sta9e SCF is to have the quantizer 
.shold levels held in the digitizer and have the computer simply 

de ermine whether to increment or decrement the thresholds. The opera- 
ion would be almost the same as previously discussed except that the 

°ni! “"»»* word per ' 
lizeï thrciholffî bU "°“ d int?r" ,hc di9i‘izer to increment the quan- 
àeThí h a corresPondln9 zone if set to one, or to decrement 

n ÏÜS!\ lf 5er0' As could bü owpocted both the computer require- 
” t Ü h?, ‘ôf COre Sli9htlï' Se(! tablo VI Howeveï 
tÜ.r thrc hôid"îev0éL"0“rn in the d¡9itizer to hold the quan- riz r tnreshoid levels. For this alternative, a further unsettled noint 
is ow to select and control the R1 parameters. Options for this are 

mi lar to that discussed in the previous paragraph. The option of 
h.ving the digitizer hold the thresholds is not recommended^ecause the 
computer time and core are not significantly reduced and te op on 
costly in digitizer memory usage. option is 



bU mi. 

^ -- 2 mi/bit 

Each bn position allows a choice of one of two Rl's 

Hatn Rate = 1200 wds/sec 

Figure 12. Format for R1 Selection Word (Two Choices) 

Figure 13. Format for Transfer of SCF Threshold and 
Independent R1 for Each Zone from IOP to 
Digitizer 

60 mi g 

^ 2 mi/bit---fe 
„I ,:1:,1 'll H l.ol, 11H » I » 141,1,1,1 „• 

0 in bit position = decrement threshold 
1 in bit position = increment threshold 

Data Rate = 1200 wds/sec 

Hgure 14. Format for Increment/Decrement Word 
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Table VI. Two-Stage SCF (Quantizer Threshold in the Digitizer) 

Time 

Processing Program 

Input 

Output 
(once/azimuth sector) 

4.7 % 

0.09 

0.01 

4.8 % 

Memory 

Processing Program 145 words 

Output Chain 90 

Input Buffer 72 

Azimuth Density Thresholds 768 

Increment/Decrement Words 128 

hold (A2).9 A threshold is d?cremeíted if^hí rü UPPer .a4zi,nuth ^nsity thres- 
than the lower aziíuth deî.îtyMe híj^rn) CO"etsPondin9 is less 

e^î: 
Äms are ^rÜÍ," ^ 
that the SCF ayatem i.ple.ented i„ the TMHVDP use^only til M-íe°“íeas. 

.wo-n,gPerOCsce“ft?.fI,0?n"eic"„tth^fi^Vfi ^ 15 sthiiliar te the haaic 

eone. For I/o f.ma", e, «Kr« 2 Md ll" ! "" CheCked f0r each 
time and core requirements inore, e îhe Jei.iU ;f^.Tre,b°th the 
given in table VII. Note that the ««„¿4 , if8 0f these requirements are 

»ord is assumed for this method. Also^he niisèVîeJëî”inZthethreS!''Per video would be rnntmiioki« 4h_» „ noise level in the quantized 

The tri-level option is reconuíenderôver the^i-lêJel^becaus ¡’"fl"1- 
cantl, increases performance without excessive increases in prices^Lè: 
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Table VII. Two-Stage SCF (Tri-Level Option) 

Time 

Processing Program 

Input 

Output 

5.5 % 

0.09 

0.72 

6.3 % 

Memory 

Processing Program 

Output Chain 

Input Buffer 

Azimuth Density Thresholds 

Quantizer Thresholds 

2700 words 

In summary, the two-stage SCF is a feasible method of implementing 
quantizer threshold control in the computer. Figure 15 is a block diagram 
illustrating the quantizer threshold control options discussed in the 
previous paragraphs* The options recommended for design consideration are 
shown in the smooth cornered retangles and are connected by double lines. 
It must be emphasized that the recommendations are made from the standpoint 
of efficient computer implementation without sacrificing performance. In 
review, the Scan Correlated Feedback concept is the only quantizer thres¬ 
hold control system which lends itself to computer implementation. The 
fast response time required in the other methods mentioned rules out 
computer implementation. Two-stage SCF is recommended because it provides 
essentially equivalent performance to that of the single-stage SCF, but 
conserves computer time. The transfer of thresholds on every sweep to the 
digitizer is recommended because hardware memory is conserved with negli- 
bible increase in IOP processing time. The use of two Rls per zone is 
recommended because it allows flexibility without a large amount of process¬ 
ing time. It is also recommended that quantizer thresholds be held in the 
IOP instead of the digitizer in order to conserve digitizer memory. Fin¬ 
ally, tri-level incrementation is recommended because of the improvement 
in performance. Table VIII lists the characteristics, processing time, 
and core requirements for the tri-level two-stage SCF method, when all the 
recommended options are included. For data rates and I/O formats refer 
to figures 12 and 13. 
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Processing Program 

Input 

Output 

Processing Program 234 words 

Output Chain 90 

Input Buffer 72 

Azimuth Density Thresholds 1536 

Range Density Threshold 
Selector 

Quantizer Thresholds 

Total 

Two-Stage decision process 

Tri-Level Incrementation of Thresholds 

Maintain Thresholds in I0P 

Two Range Density Thresholds per Zone 

Output Quantizer Thresholds Every Sweep 

It is true, however that th* Inaicat^ has been ignored. 

SîTSlH F-r"“. ' “ »--a -îâ“ SS ¡ir 
Two approaches regarding the selection of video are treats ♦ 

The^lternative 3 

following paragraphs? f th 1 approaches are examined in the 

died by^noLher^ppiicatiorTofThp^n5'. The S',itChin!' probl™ '»» be ba„- 
cept. In the dloitiâeí íhírâ ï Sta9e ?can correlate<i feedback con- 

counts the number of 1/16 mile ranae cell^h13Ve9ÍSter and l09ic which 
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llT.T'uV'll Xne a hilIh ”™b" “f 
video. The count would be tested and reset" 1Cate satu^ati°n in the normal 
would generate a binary one a, the iJdicat on tíít1^ mÍleS- The digitizer 
a control parameter, called the ranne riencit" îJ31 íhe COunt has exceeded 
otherwise. The values of R2 would be het ty threshold R2* and a zero, if 
tor bits - corresponding to The 60 mi?! « and 32‘ The 30 indi‘a- 
computer at the end of eüch sweep (fij^e lóf "ihW°Uld be transferred to 
an azimuth density check on the basis^Vrî'ap?6 C0,nputer WOuld Perform 
by the 32 ACP zone is choosen for SeCt0r* The tw0 mile 
hold control zones. If the number ofP!!ÍbÍllíy ?Uh the ^^txer thres- 
set is high, this would indica^ that the !! indicator 
out the zone and that no useful inform!??« had saturated through- 
a switch to the .IteínativríiJe! ÎÎÎÎ tioun150hU!d ^ eXtr!Cted* Therefore 
would be implemented by checkino the nnmh uld-be warranted. The decision 
against another control parameter «n r3n9e indicat0rs having one 
of VI would be selectable be^en ze« aíd aZí:'th density V1* Th' value 
applied in all zones The • er° fnd 3*" same would be 
one for each zone whweií MTI b! indicated by setting a binary 
Of normal video 0^« ÍLae a zer0 for selection' 
transferred to the digitize; at the ° sflectl?" >*or«s moald then be 
“tion. The selection®™ each zone wo¡!hT 6 “T6 ^1119 the next revol- 
basis of how much clatter existed for ííat zSn" <"<Hvidaally on the 

tr/Üîd'e'o'L'lThrîî u°e" ::t¡r0.Íi0:„aPPrTÍate the fr“" »«mal to 
logic may have to be iLSrp at *, lllT' Cl“Uer- iddi“»”»l 
any case, the performance of the above !!!?!« PPí!Puriate switchin9- In 
experimentally. Irrespective of pèîf!rm!?!!P ?aVe t0 be evalaated 
the computer requirements if such^ scheme wér! lntereSt to ^f^ine 
provided in the following paragraphs. ° be imPlemented. This is 

two-stage ^¡¡tiz^th ^ similar t0 ^ 
nies exist. First, the selection fÜÜín h?eS?°ld contro1- Two possibil- 
tizer control function. That is the funcHo* I"COrp?rated lnto the quan- 
be added to the basic prooram for m.antínCtÍ°!S f°r Vlde0 selection would 
the selection function !p?me! indr!!Ze? t5reushold co"trol. Second, 
latter would be sensible onl! if tÎ! SCF^L ! quantizer co"trol. The 
hold control. The time and íore «auiíemütí f! T 1°1 utilized for thres- 
tabulated in table IX. quirements for both possibilities are 

cess when the^id^i^süitcher^It8?*6"8 t0 the quantizer threshold pro¬ 
threshold levels ipp e to one V LUnr!a?H°na?le t0 aSSUme that the 
Two alternatives also «ist f!! Tu it* "l* alS° apply.t0 the other, 
could be ignored under the assumption thai^th^8-' íbe swltchin9 problem 

video noise level would prevail. The l^t^rto^d^rade 
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Data Rate = 1200 wds/sec 

Figure 16. Format for Video Switching Iflnge 
Density Threshold Crossing Word 
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2 mi/bit 
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Data Rate = 1200 wds/sec 

Figure 17. Format for Video Switching Word 
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target detection probability; whereas the high noise level would tend to 
saturate the detection process. If the switching is on an infrequent 
basis, the first form (low noise) would be preferred. This situation 
could be assured by setting the threshold to a high level, when switching 
videos. The choice of the high threshold level could be determined through 
experimentation during the evaluation of the system. The second alterna¬ 
tive to regulating the quantizer thresholds at switch over would be to pro¬ 
vide an SCF loop for both types of video. This concept would involve add¬ 
ing another range density register in the digitizer, another input word 
every sweep and further processing in the computer. In terms of cost, this 
add-on would be very similar to the video selection add-on. The pertinent 
costs for a bi-level process are shown in table X. The incremental cost 
for a tri-level process would be the same as that indicated on the basic 
two-stage SCF. 

In summary, the switching between two types of video can be provided 
through another application of the Scan Correlated Feedback concept. Fur¬ 
thermore, the quantizer threshold control for the second video can be 
handled by sharing a single control loop between the two videos or by 
providing an independent feedback system for each video. Since the freq¬ 
uency of switching videos is unknown, the latter approach is preferred. 

As in the discussion for the quantizer threshold control, the question 
of how to control the R2 threshold is present. The solutions for the video 
selection case are analogous to those promoted for the quantizer control, 
so nothing new would be learned by repeating them here. Further, the 
analysis of time and core would produce similar results. The preferred 
approach is to provide two R2 values in the digitizer, and to permit the 
selection of these on a zone by zone basis. 

Table IX. Two-Stage SCF Concept for Video Selection 
Add-on to Quantizer Threshold Control 

Memory (words) 

Processing Program 115 
Input Buffer 72 
Azimuth Density Thresholds 768 
Video Select Indicator Words 128 

Processing Program 
Output Chain 
Input Buffer 
Azimuth Density Thresholds 
Video Select Indicator Words 

1083 

145 
90 
72 

768 
128 

1203 

Time (percent! 

Option 1: 
Processing Program 
Input 
Output 

2.7 
0.09 
0.09 

2.9 

Option 2: Independent Operation 
Processing Program 4.7 
Input 0.09 
Output 0.27 

5.1 
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Table X. Two-Stage SCF Additional Requirements 
for Second Quantizer Feedback System 

Time Memory 

Processing Program 

Input 

Output 

3.0 % 

0.09 

0.54 

3.6 % 

Processing Program 

Input Buffer 

Azimuth Density Thresholds 

Quantizer Thresholds 

115 words 

72 

768 

768 

1723 words 

(2) Parallel Input of Two Videos. The second approach to the video 
selection problem is to input the second video in parallel with the first 
video. For example, both normal and mi video could input for each range 
cell. The net effect of this approach is to double the input time and buffei 
requirements. Figure 18 gives format and data rate for parallel input. 
For example, under the assumption that q = 1/16 mile, the requirement to 
input two types of video would be the same as if only one video type was 
input, but that the quantization was 1/32 mile with these assumptions, 
the time is 6.0 percent and the buffer memory space is 4,896 words.— 
see table I. The control of the second video quantizer threshold would 
impose the further requirements previously discussed. 

(3) Summary of Video Selection. The comparison of the two basic 
approaches for video selection is shown in table XI. The time and core 
values represent the incremental cost to add on the stated functions under 

the assumption that the first video type is already being input and that 
the two-stage SCF is utilized for the quantizer control of the first 
vi eo. Because the processing requirements for target detection on 
two videos has not been established, it is not meaningful to make a 
choice of video selection methods at this point. 
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Data Rate = 89,000 wds/sec. 

Figure 10. Format for Parallel Input of Two Videos 
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Table XI. Comparison of Video Selection Approaches 

Option 

tfideo Switching 

Video Selection via SCF Concept 

Second Quantizer Threshold Control 

Parallel Input of Two Videos 

Input of Second Video 

Second Quantizer Threshold Control 

Time 

2.9 % 

3.6 

6.5 % 

2.9 % 

3.6 

6.5 % 

Memory 

1083 words 

1723 

2806 words 

2448 words 

1723 

4171 words 

(D) Range Strobe Elimination. Occasionally, some type of electronic 
interference will cause the radar video to become saturated for a period 
of time. This interference may be from another radar or from some other 
electronic device emitting at a frequency near that of the radar. The 
period may be as short as a few microseconds or last for several sweeps. 
The latter case may cause perturbations in the target detection process. 
The counteraction to this problem is called range strobe elimination. 
Basically, then, the function of this process is to detect sweeps during 
which the number of quantized ones is abnormally high and to eliminate 
this data. Further, whenever a significant number of range strobes occur 
together, it is desirable to inform the controller that the target detec¬ 
tion data in this area is degraded. 

The first approach considered for detecting range strobes is simply to 
count the number of quantized ones generated during a sweep. If this num¬ 
ber exceeds a critical value, then all of the quantized video for that 
sweep is set to zero. To provide for detecting persistent range strobes 
over a number of sweeps, the bit for the first range cell could be set to 
one for each strobe detected. If a range strobe occurs with sufficient 
frequency, the target detection process would sense the range strobe in 
the same way as for ordinary targets. Because of the 0 range, the declared 
target would be marked as a range strobe report. 



Computer implementation of a range strobe detector is impractical bP- 
cause of processing time. The processing time per second for the 
process as described above is given by 

f(7 + 53NW)^ 

For the standard parameters the processing time is 153 percent. This 

more eíoLiJalirâccímplished^S h«dwareÍÍmÍnatÍOn ^ thlS meth°d U mUCh 

rf r““" =s... tne capability to effectively test for all zeros in a 15-bit word Hphpp 

ofPouanti*Cün defl!?®d whlch WOuld COunt the number of non-zero’half woids 
r “Z1060* f thÍS number exceeds a statistically determined 

lîated ThlhL«rnPlIS f!1“ COnta1'' 8 r8n«e strobe and the data is elim- mated. The processing time for this approach is given by 

f (7 + 11NW)// 

which corresponds to 32 percent for the standard parameters. 

°f the Vide0 is undertaken in the digitizer, the comouter 
time required reduces to a practical value. For example let the HiînfÜ! 

rríhetÍopnMbrhe°endU!ftlaeí Per SWeeP 8nd then transfer this Soînt 
be reduced to fh SWeeP*4 The Processin9 ^ the I0P would then 
sweep data if ÎÂ ï® S?“!! TinSt the threshold clearing the 
approach islf ÍS Ífl * T 6 processin9 time Per second for this 

fill + 

where Pro is the probability of a range strobe on a given sweep A reason 
able estimate for PDC would be 0 01 with sweep, a reason- 
the standard oarametAr. i i ’ WUh this ««««Ption and considering 

«p?nt™“i:jor“4bpe.5r.;t,:lvely hi9h'the pr,>cessin9 for ^ 

reducing computertimè? ^heîefwrîhria^TaJpîowhls^îreSiîy^eÎr^ 
over the second approach. Note further that j ... ^ y Preierred 
all nuantireH k re j urtner that the second method assumes that 
does^not have ,!,?? . , ^ 1° ihe c0"Pute^ »"««a the last approach 
transferred each LeT "1' req“ireS 0"ly that the c0“"t '’n 
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process. Instead of always deletion a f..nf°r the ^anfle strobe elimination 
times only a portion would be deleted Thí °í quantized vide0 some- 
the sensitivity. For example the wíÓho i wlndow len9th would determine 
might be appropriate. Comparina the hard ength corresponding to two miles 
window) to the preferred anorooSu- hardware approach (sliding range 
software decision process) fesuUs'in0« ^ S°ftware (hardware coun?ing; 
The principal reason is the Wo ^commendation for the former, 
soring. P " 18 the lmPr0v^ent in selectivity of the video cen- 
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Target Detection and Beam Splitting 

This section deals with the main topic of Radar Video Processing, which 
involves determining if a target signal is present in the quantized video, 
and estimating its position. The description begins with a review of the 
conventional method of target detection and beam splitting, which is the 
sliding window detector. This is followed by a discussion of how target 
JÜîrî1?! CDn S® accornPi*shed in the computer. Here a unique approach 
called the Predetector/Final Detector Concept is introduced. Several 
target detection algorithms based on slightly different statistical form¬ 
ulations are considered. The section ends with a discussion of two 
approaches for estimating target position. Again in this section the 
pnnicipal objective is to investigate the computer requirements of the 
various approaches. 

Historically, many target detection algorithms have been tried, but the 
one which is most commonly applied is called the sliding window detector 
(SWD). To provide a background and understanding of the target detection 
concept to be developed later in this section, a brief discussion of this 
conventional SWD is presented. 

(A) Sliding Window Detector. The concept of the SWD is that the 
quantized video within a small region is examined for the number of hits 
(binary ones). When the hit count is sufficiently high a target is said 
to be present. The concept of window stems from the fact that the quan¬ 
tized video is taken at a fixed range and over several sweeps in azimuth 
Thus, the sample has the appearance of a little slit or window over the 
data, see figure 19. One window is required for each range cell (1/16 of 
a mile). As each new sweep of radar data becomes available, the window is 
moved one position clockwise; this sliding of the window repeats with 
every sweep. 

The threshold of the sliding window is chosen so as to control the 
number of cases in which noise causes a detection. Noise here is inter¬ 
preted as ones which were quantized strictly from a random spike in the 
analog video. Under the assumption that noise is stationary and of known 
level, the probability for the number of hits, k, in a window of size 
Wl, is given by: ’ 

(“L) „Vi-“ 
where p is the probability of a single range cell containing a one and 
^ ~ "P* A false alarm, that is a target which is declared from noise 
alone, is generated whenever the hit count is above the threshold. For 
purposes of discussion in this section the probability of a false alarm, 
Pfa, will be taken as the probability that t or more noise hits are con¬ 
tained in the window, i.e. 

fa k=t 
L) pkqWL-k 

Other more sophisticated definitions of Pfa are sometimes used; however, 
for this report the above definition is adequate. 
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With respect to the probability of detection in the vicinity of targets 
consider a window at a fixed range. The probability that a one occurs 
changes with each sweep position. Commonly in literature this probability 
(ps) is treated as a constant over all sweeps covering the target signal. 
In reality this probability increases as the radar points more directly 
at the target and then decreases as it sweeps beyond the target. Probabil¬ 
ity curves showing this pattern are given in figure 20. Based on a quan¬ 
tizer threshold set for ten percent noise, graph 1 shows how the probabil¬ 
ity varies with signal strength. Graph 2 shows how the probability 
curves for a target of fixed signal strength change with thresholds 
corresponding to five and ten percent noise. The computation of the 
curves assumes the radar parameters stated earlier and a sinX antenna 
pattern. X 

Based on the probability curves described above the probability of 
detecting a target with a sliding window can be determined. The probabil¬ 
ity Pd naturally changes with target signal strength, noise probability, 
and position of the window relative to the beam center. Figure 21 illus¬ 
trates several examples of how P^ is affected by the above variables. 

When a target is declared with SWD, its range is determined by the 
range position of the window; however the azimuth requires more calcula¬ 
tion. The conventional manner of determining azimuth is to consider the 
position of the window at target detection as the leading edge of the tar¬ 
get. Subsequently the trailing edge of the target is declared when the 
hit count falls below a second threshold. The target azimuth is then 
taken as the midpoint of the leading and trailing azimuth, adjusted for a 
possible bias. 

Straight forward implementation of SWD in the computer would be imprac¬ 
tical because of the processing time requirements. Considering the detec¬ 
tor as described above and subject to the limit that the threshold is 15 
or less, the processing time per second is given by the following formula: 

(f(69Nw+7)+121NR)/i 

Using the standard parameters, the time amounts to about 200 percent. 
This clearly would not be a reasonable approach even if two lOPs could 
be allocated to the radar video processing. An approach which makes 
computer implementation of target detection feasible is described in the 
next paragraph. 

(B) Predetector/Final Detector. As seen in the last paragraph, the 
straightforward implementation of SWD in a digital computer is not econo¬ 
mical because of the inordinate amount of time required. The predetector/ 
final detector (PD/FD) approach circumvents this problem by using a 
stnistcally weak, quick test followed by a conventional window type 
test. 

This concept is further brought out in figure 22, which schematically 
illustrates the flow of noise and target data through the process. Con¬ 
sidering the amount of quantized video received relative to the amount of 
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target information, the input to the predetector is principally noise. 
(For SOO targets per scan with 20 sweeps of signal per target, only 0.2 
percent of the quantized video contains target information). The function 
of the predetector is to significantly alter this percentage, to approxi¬ 
mately 50 percent. The predetector would rapidly eliminate most of the 
noise data while not significantly rejecting target data. The final detec 
tor then operates on the quantized video passed by the predetector. The 
function of the final detector is to reject more noise so ar to attain the 
desired probability of false alarm (Pfa)> Normally a false alarm probabil 
ity on the order of 10“° would be sought. 

The predetection process can be allocated to either the digitizer or 
the I0P. Different algorithms might be used for the hardware as opposed 
to the software approach; however the function of the predetector would 
remain the same. Both of these approaches are investigated in a later 
paragraph. 

The final detector is similar to the sliding window detector, except 
that this process is engaged only when a predetection has occurred. Var¬ 
ious algorithms can be utilized for the final detector. These are inves¬ 
tigated in the next paragraph. However, for all the algorithms the oper¬ 
ation is basically the same. On the basis of the range and azimuth detec¬ 
ted by the predetector, a window of quantized video is examined. The 
placement of this window is such that it is generally centered over the 
predetection location; however this is not a requirement. Based on the 
observed data a decision is made as to whether a target is present. In¬ 
tuitively one might expect that the PD/FD concept might cause some loss 
in the probability of detecting targets; however as demonstrated by the 
empirical analysis in Appendix B, the loss is insignificant for the two 
types of predetectors considered. For example, if the Pfa is in the range 
of 10-' to 10"5( the detectors analyzed yielded probabilities are within 
two percent of one another. 

(1) Final Detection Algorithms. Three final detection algorithms 
are investigated. The first is similar to the conventional sliding win¬ 
dow detector, except that the sliding operation is replaced by the pre¬ 
detection process. This algorithm, called the Fixed Threshold Detection, 
takes a window of data and compares the number of binary ones against a 
fixed threshold M. The second detector is the Automatic Clutter Elimin¬ 
ator technique which is employed in the Terminal Modified Radar Video 
Data Processor (TMRVDP). The last method is cabled the Weighted Summation 
Detector. Each of these techniques is analyzed to determine the amount of 
computer time and memory requirements for a specific number of targets per 
second. The purpose of this analysis is to bring out the relative process 
ing costs among the various methods. In a later paragraph, the computer 
processing regarding the impact of cascading the final detector with the 
predetector will be explored. 
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• Fixée! Threshold Detector. The basic idea of the fixed threshold detec¬ 
tor is that a high portion of ones in a window is an indication of a tar¬ 
get. The window covers N sweeps at a fixed range. Anytime the number of 
ones equals or exceeds a threshold a target is declared. The threshold is 
chosen so as to attain a given probability of false alarm* i.e. to control 
the number of cases in which targets are declared from noise. 

For the analysis which follows a window length Wl = 17 and probability 
of false alarms Pfa = ID'S are chosen. The threshold (T) corresponding to 
this Pfa and WL depends on the noise level in the quantized video. 
Table XII gives the four noise levels and the corresponding thresholds 
considered in the following analysis. 

Tabie XII. Fixed Threshold Detector Data 

Noise Level (%) Threshold Processing Time for Early Termination (%) 

10 

7.5 

5 

2.5 

9 

8 

7 

b 

1.92 

1.98 

2.04 

2.09 

Two ways of programming the fixed threshold detector are considered. 
The first method examines all range cells in the window. In the second 
method, called early termination, both the number of ones and the number 
of zeros are counted until either count reaches a critical value. These 
values are T for the ones and Wl - T + 1 for the zeros. The processing 
time for the fixed length sampling method (first method) is 

NR (101^ + 36)/i 

or about 1.9 percent for the standard parameters. The time for the early 
termination method varies with the strength of the target and the thres¬ 
holds. Most targets are strong and produce nearly solid sequences of 
ones, hence the threshold T should be attained soon after counting a 
minimum of T cells. However, for this time analysis; it is assumed that 
the last required one (Tth) is obtained in the last cell of the window 
(WL-th cell). The formula for processing time is then 

Nr(13Wl - 6T + 38)j¿ 

which corresponds approximately to 1.9 percent for T = 9. Processing 
times for other thresholds are given in table XII. 
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Hence, under the foregoing assumptions which are worst cases, the early 
termination method is not significantly longer than the fixed length 
sampling method. As will be seen later the average processing time for 
rejecting noise is considerably less for the early termination method. 
Both methods provide identical performance in terms of accepting or 
rejecting targets. Both methods would permit selection of^thresholds 
such that false alarm probabilities in the interval of 10-' to 1(H could be 
provided. In particular any vaiue of T between 0 and 17 would be possible. 

• Automatic Clutter Eliminator. The fixed threshold detector as described 
above has the drawback that the noise probability for quantized video 
must be constant and known. This is required to determine the threshold 
corresponding to a fixed probability of false alarm. This problem can 
be avoided by using the method referred to as the Automatic Clutter Elim¬ 
inator (ACE) in the TMRDVP. With ACE a sample of quantized video sur¬ 
rounding the target window is used to estimate the noise level. In this 
way, the detection threshold (M) may be adjusted to compensate for a 
change in the noise level and still maintain the specified Pfa. The 
formulation of this technique as a statistical hypothesis is presented 
in Appendix C. 

The operation of ACE involves counting the number of ones in a target 
window and also in windows on each side of the target window, see figure 
23. That is, if W0 represents the target window, then the total number 
of ones contained in windows through is obtained. Based on this 
count, called the noise sum, a detection threshold is determined such 
that the probability of false alarm remains constant. If the co...it in 
the target window exceeds the detection threshold, a target is declared. 
The thresholds can be determined via an expression given in Appendix C. 

The processing for the ACE technique places greater demands on the 
computer; although special techniques can be used to make the processing 
feasible. In addition to being a function of Wl. the processing time 
and core requirements are dependent on the number of windows used in the 
noise sum. For purposes of this analysis, a clutter sum utilizing nine 
windows centered in range on the target window is assumed. The expression 
for computer processing time is 

V17WL + 80)/i 

This amounts to 3.4 percent for the standard parameters. The memory 
required is 1,132 words under the following assumptions: 

1. Nine windows for the noise sum 
2. Four false alarm levels (P£a curves), e.g. 10~ö, 10-5, 10-4. 10" 
3. Individual selection of Pfa curves on the basis of 2 mile by 32 

Azimuth Change Pulse (ACP) zones. 

The threshold values would vary over 0 to 17. The processing time 
would not change if less than nine windows were used, but the memory re¬ 
quirements would be reduced. 
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• Weighted Suimnstion. The third method for final detection permits weight¬ 
ing the quantized video differently for each cell. For example, targets 
hit patterns tend to have more dense concentration of ones in the center 
and somewhat less dense concentrations at the edges. Quantized video 
from radar receiver noise would tend to have the same density of 
ones everywhere in the window. By giving more weight to the data in the 
center of a detection window, it is statistically possible to define a 
more powerful decision process. However, to achieve this, additional 
assumptions must be made about the quantized video. In particular, an 
estimate of the target signal strength is necessary. At any rate, it is 
of interest to determine the computer requirements for tnis type of 
detector under the following type of detection criteria: 

where the wj are arbitrary weights, Xj represents the value of the binary 
video and Twt is the threshold chosen to attain^ given level of false 
alarms on a known noise level, e.g. Pfa for 10"7 to 10-3. The weights 
are assumed to be positive and normalize such that their sum is one, 
i.e. Ew. = 1. The computer requirements for this detector are very sim¬ 
ilar to the fixed threshold, fixed length detector discussed earlier. 
The processing time is given by 

Nr(11Wl + 36)m 

which equals 2.1 percent for the standard parameters. The memory require¬ 
ments are slightly higher because an additional table of weighting factors 
are required. Nevertheless the memory is still less than 100 words. 

(2) Predetectors. The predetection process could be assigned to 
either the ROAS or the I0P. If performed in the I0P it is necessary to 
find a predetector which requires little processing time and yet performs 
well in the sense of predetecting a target. If assigned to the digitizer, 
hardware logic is the principal concern. In either case the predetector 
must reject most of the noise data so that the number of calls for the final 
detector is small. 

The analysis which follows examines the requirements for processing time 
and the capability of the predetector to pick out targets. The processing 
time is determined by computing the time to peiform both the predetection 
process and the final detection process (when the predetection condition 
is satisfied) under a known noise level in the quantized video. The noise 
level is defined by the probability that the quantizer produces a binary ono 
when the analog signal only contains receiver noise. Four noise levels are 
considered, 10, 7,5, 5 and 2.5 percent. The processing times provided are 
average values based on probability models for the predetectors. To avoid 
the problem of quoting predetection time values for each combination of 
final detectors and noise levels, a constant execution time of the final 
detector is applied. This constant is 400 memory cycles per cali. In a 
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three-in-a-row at low noise levels. Nevertheless, at the ten percent 

conduÎnü! » Pr:C!SSÍng time is StiU high‘ Since 811 three-in-a-row 
is ideÍticaire PÍCked UP’ the probabillty of Predetection for the two 

The final software technique is called the sequential 4/8. It oper- 
Th^nTIíV1?? the ?e(lu?ntial 3/4 excePt that a larger window is us£d. 
The predetection criteria is that there must be two binary ones in the 

of til ***' WÍth respeCt t0 the three edis on each side 
Rnnihe c nter’ Jhere must be at least one binary one per side. The 
Boolean expression for this predetector is 

ï = <X1 + *2 + V * *4 • X5 * (X6 + X7 + V 

As in the sequential 3/4, this criteria is applied every other sween 

^t UrTn0»*1"? n0iSe' 1,16 5/8 is a stronger ¿l?' 
*îhan.the three-in-a-row. The effect of this is to reduce pro¬ 

cessing time for the high noise levels and also to slightly reduce P 
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the seauential d/Jectability* 0f the software predetectors presented, 
me sequential 4/8 appears to be the best choice. 
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• Hardware Predetector. Putting the predetector in the hardware reduces 
the computer processing because it no longer has to operate on every 
quantized video word. Only the quantized video in the vicinity of a 
predetection is examined via the final detection process. On the other 
hand, additional predetection data must be transferred to the computer; 
where it can be examined to determine the location of predetections. 

The transfer of predetection data to the computer can be accomplished 
by transferring the range of each predetection to a computer. This could 
be done at the end of each sweep. Since ten bits is sufficient to define 
the range, up to three predetections could be packed into one 30-bit word. 
More than one predetection word (3 predetections) may be sent to the 
computer each sweep; however one appears to be sufficient. The justifica¬ 
tion of this claim follows. 

The purpose of predetection is to avoid calling the final detection 
process when no target information is present in the quantized video. 
Now, if the number of noise predetections per sweep is high, then the 
function of the predetector is not fulfilled. To establish an upper 
limit for this number, consider that a final detector requires about 
400 memory cycles for a single execution. If one noise predetection is 
received each sweep, the target detection process would consume 36 per¬ 
cent of the computer time (based on 3/4 microsecond per memory cycle and 
1200 sweeps/second). Now, with respect to targets, assuming an average 
of 125 per second, one predetection per target, and a pulse repetition 
frequency (PRF) of 1200, there would be an average of only about one 
target predetection per ten sweeps. Even under the liberal assumption 
of nine predetectiona per target, the average is less than one predec- 
tection per sweep. Furthermore, to inhibit the event of producing 
multiple predetectiona when over target video, the hardware logic could 
lock out the predetector for a number of sweeps at a given range when¬ 
ever a predetection occurs. Therefore, the average number of predetec¬ 
tions per sweep is well within the three per sweep limitation. 

To account for the possible event of more than three predetections 
per sweep, the hardware could provide a holding feature so that the 
additional predetection could be transferred on the following sweep. 
One suggested scheme would have the hardware set a flip/flop when a 
predetection occurs and the predetector word is already holding three 
range values. On the next sweep, a predetection from this range cell 
would automatically be declared independent of the new video. 

Two classes of hardware predetectors are considered. The first is 
simply a sliding window detector of very short length. The technique 
called the sequential observer makes up the second class. The analysis 
of these hardware predetectors parallels that of the software predetec¬ 
tors. That is, both processing time and target detectability are exam¬ 
ined. The processing time due to noise data is considered as the time 
to examine the predetector word each sweep and the average time spent in 
the final detector. The assumption of one predetection word per sweep 
is also used. 
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Figure 27. Processing Time and Performance of Short Sliding Windows 
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Figure 28. Processing Time and Performance of Sequential Observers 
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Figure 29, Processing Time for Various Predetector/Final Detector Combinations 
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(4) Dual Detection on Two Videos. The section entitled Video Se¬ 
lection mentioned the idea that two types of video could be buffered into 
the computer in parallel. Target detection could be independently attempted 
on both of these videos. The resulting target reports could then be cor¬ 
related to produce one report per actual target. This concept enhances 
the probability of detecting targets since two nearly independent (in the 
statistical sense) trials for target detection would be made each scan. 

The consequence of this concept would be to approximately double both 
the processing time and the probability of false alarm. The doubling of 
false alarms could be tolerated if the number of false alarms from a 
single video is on the order of one to ten per scan. For the processing 
time there exist other tradeoffs. For example, because of the increased 
probability of target detection it may be possible to reduce the noise 
level in the quantized video and still realize the improved detectability. 
As may be recalled from the data in figure 29, the lower the noise level 
the greater the reduction in processing time. Considering the ACE detec¬ 
tor with a sequential observer, dropping the noise from 7.5 percent to 
5 percent decreases the processing time from 17.0 to 8.0 percent. The 
processing time of the dual scheme at the 5 percent noise level, plus 
the additional input time (2.9 percent) would be just slightly more than 
single processing at the 7.5 percent noise level. In particular, the 
time values would be 18.9 percent and 17.8 percent, respectively, The 
analysis of the improvement in target detection probability is not 
available, but it could be anticipated that a net improvement would be 
realized. 

Another interesting alternative would be to let the digitizer perform 
the target detection function on one video and let the I0P perform the 
detection on the second video. The two sets of reports would then be 
correlated in the same manner as considered earlier. In this case, the 
processing time would be essentially the same as if software detection 
of only a single video was considered. This results because the addi¬ 
tional time to input target reports from the digitizer is insignificant, 
i.e. approximately one percent. In conclusion, the concept of processing 
two types of videos in parallel warrants further study and consideration. 

(C) Beamsplitting. The technique of beamsplitting via the conventional 
sliding window his already been discussed. It is of interest to consider 
another approach called the center of density beamsplitter. This paragraph 
investigates the processing requirements for these two methods. The input 
for the beamsplitting process is considered as being the detection range 
and azimuth. The function of beamsplitting is then to find a best estimate 
of the target azimuth. 

Beamsplitting via the conventional sliding window takes the mid-point 
of the target leading and trailing edges as an estimate of the target 
azimuth. Determination of the leading and trailing edges in the computer 
requires successive sliding of the window and testing the count against 
the threshold. The processing time is given by the expression 

42 Wl Nr M 

which corresponds to 6.7 percent for the standard parameters. 
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The center of density concept computes the arithmetic average of the 
azimuth position at which hits are received. The operation is analogous 
to finding the balance point of a bar load with unit masses at various 
points along its length. The azimuth estimate (0) is computed by 

where 0ï is the azimuth of the j-th sweep and Xj is the binary value for 
the j-th sweep. To insure that the azimuth estimate is not biased due to 
the initial placement of the window, an iterative process is incorporated. 
That is, on the basis of the data in the initial target detection window, 
a center of density azimuth is calculated. Then, another window is cen¬ 
tered about, this new point, and a second azimuth is calculated. This 
process is repeated until two successive azimuth estimates are essentially 
the same. To avoid the recounting of the video data within successive 
windows, the window length is enlarged at each iteration. As a conse¬ 
quence, the window at the end of the iteration process generally covers 
the entire target and thus helps to minimize biasing the estimate. The 
number of iterations is generally about four. The processing time is 
determined by 

(20 WL + 176) Nr h 

which corresponds to 4.8 percent. Furthermore, when this beamsplitting 
method is combined with the fixed threshold window or weighted summation 
detection, the processing time is reduced. This happens because L0iX 
and L Xj can be calculated during the detection process at m extra cost. 
The beamsplitting time in this case is given by 

(10 WL + 176) N M 

or 3.2 percent when using the standard parameters. 
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Ancillary Functions 

This section addresses the remaining processing functions to be con¬ 
sidered in the report. Thete are the beacon processing, correlation of 
radar and beacon data, and the utilization of tracking feedback infor¬ 
mation. 

(A) Beacon Video Processing. The assumption of this study is that 
the beacon processing is accomplished in the manner presently defined for 
the ARTS lil System. Briefly in review, this concept utilizes a hard¬ 
ware device called Data Aquisition Subsystem (DAS) to extract beacon 
replies from the analog video. The role of the digital computer is to 
detect and locate valid beacon reports. 

The computation requirements for beacon processing are taken from an 
ARTS III design document (Reference 7). The processing time as a per¬ 
centage is stated as 

6.4 + 0.236Nb + O.O20Nf 

where Ng is the number of beacon reports per second (Ng = 63) and Np 
is the number of fruit responses per second (Np = 100). Hence, for 
the standard parameters of this report, the processing time is 24.1 
percent. The memory requirement is given by 

880 + 9Ng 

which corresponds to roughly 1500 words. 

(B) Radar/Beacon Correlation. The goal of the Basic Radar Tracking 
Level System is to add a radar tracking capability to the present ARTS III 
Beacon System. Thus far the discussion has concentrated on strictly the 
radar problem. Now it is of interest to determine what the costs are for 
combining radar and beacon reports. The correlation criteria considered 
for this analysis are straightforward. The range of a radar and a beacon 
report must be within 1/16 mile. The azimuth of the radar report must 
lie within some fixed interval about the beacon report. If this criteria 
is met, the two reports are merged into one. 

The processing time is not very sensitive to the method of choosing 
which of the two ranges and which of the two azimuths to use, so the 
detailed calculation of various options are not provided. The expression 
for processing time is 

(9.3f + 70Nr + Ng(26WL - 23))/1 

using the standard parameters, the processing time is about 3.5 percent. 
The memory requirements would be on the order of 200 words including 
program and data areas. 
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(C) Tracking Feedback. If an estimate of the position for a taroet is 
aSoîîin^th? p?,ilble J*1»1 ^"«Proved system performance can be obtained by 

ÍÍÍS J?í0™atl°n i" the vlde0 Processing task. The assumption y 
hv » f1! irStiQHi°\i9 that the Predicted position of targets handled 
Z CÍÍnfl Pf0flram U available- The question of interest is what 
could be done with this information and what would be the computer costs. 

mentWofUîhe fr?baCî are COn8ldered. The first is the adjust¬ 
ment of the threshold used in the quantization process. For optimum 

iiS :miPer 0rmî:ïe U Í* usually conaldered best to operate a/a fixed 
of cluttl^tha^fî °Ptimr n0i*f level may be difierent for regulation 
in îhï îiïiiiîî ef R0Í8e al°ne- H°WeVer* t0 enhance detection in the vicinity of a known target, another threshold may be preferred 

cenÎiÎîTdisiÎabîe ÎST1 Ín qu®,tlon Preduces a weak signal, then H is 
a sîïaîtlv hiíííÍ ? to improve the probability of detection, even though 
a slightly higher level of false alarms results. Second, even if the tar- 

?theínw2akSbltnD«haDrnfl; °f interest t0 »"«imize the detection of other weak but perhaps untracked targets in the vicinity. The obiective 
here is to provide better data for target collision avoidance. Also 
iíf£ríatS?nCtt£Vhe c?rrelated Feedback (SCF) threshold control, 
inhiM^th" th?t.a taJ®eJ is in 8 particular zone could be utilized to 

recited Íroí ué"?«“,.. MÍ °f th' ‘d<led "“ber 0f 

the^arn!?0^“8!«^ tr#cking fe®dback is to adjust the threshold during 
the target detection process. For example, suppose that ACE is the chosen 
detection technique. When a target is known to be in a given zone it 

to^hính^'p18016 t0 rel8X th® lar9et detection threshold by switching to a higher Pfa curve, e.g., 10-4. ”0 

Whatever the motivation of the threshold adjustment, the orincioal 
objective of this section is to estimate the computer requirLentsPfor this 
1 itéraiIv'ron't0"*♦ iImplementation of this function can 2e IZlel by 

r rí“®11?! * ran0e-azll"uth m8P of the predicted target positions. 
This maP wouid have the same granularity as the zones utilized in the SCF 

mí? ^lí“^110?8^6'9*' 2 miles by 32 Azlmuth Change Pulses (ACPs). The 
map would then indicate the zones in which threshold adjustment is needed. 

0nIhM“P "ÎU1; be conatructed in the computer on a scan-by-scan basis 
ne bit would be required for each zone. The bit would be set to one when 

nea/th1 hi pJedict!d fn the zone* Furthermore, when the track is very 
fí? thí °f the ZOne, U WOuld be desirable to also set the bit 
Dossihip inLb rÍn9 2°ne t0 0ne* This would compensate somewhat for the 
possible inaccuracy of the predicted position. Figure 30 illustrates four 

c-Hilis Sk r:“ •:» S?“ 
corner of one zone, three adjacent zones are marked. 
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Figure 30. Illustration of Mapping Predicted Target Position 
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Computer requirements for the mapping process are small. The map 
would be constructed in segments where each segment is one radar 
quadrant (90°). The processing time under the assumption that 2 miles 
by 32 ACP zones are utilized and that a list of tracks within a radar 
quadrant is available, the processing time is: 

( 170 + 51 Nr)j* 

This corresponds to 0.5 percent for a track capacity of 125 per second. 
The memory requirements would be about 200 words including program and 
map areas. 

Adjusting the quantizer thresholds for SCF would be accomplished 
through establishing a new threshold based on the present threshold, 
the presently designated noise level, and the desired noise level. This 
calculation would be of the form 

where Ti and Ï2 are the old and new thresholds respectively, Ki and 1¾ 
are the constants determined by the old and new commanded noise levels. 
On the basis of 2 miles by 32 ACP zones, the processing time is 

(102 Nr + 35,520)/4 

which is 3.6 percent for the standard parameters. The memory requirements 
are under 100 words. 

Adjustment of the threshold for the ACE detector requires selecting a 
different Pfa curve when a target is predetected in a zone. The time for 
this operation when added to the normal ACE logic is 

(6 Nr + 0.09 Nw f)/4 

which comes to 0.3 percent. The additional memory requirement is insigni¬ 
ficant. In summary, the total computer requirements for the tracking 
feedback functions described above are 4.4 percent for processing time and 
about 300 words of memory. 

The tracking feedback technique described above is a very simple approach 
which provides a binary indication for each zone, i.e., target present or 
not present. Thus, selection of one of two Pfa (or Pn) values is provided. 
More sophisticated techniques could be implemented which would provide 
for a greater number of Pfa (or Pn) selection. Such a method might be one 
which makes use of a track quality measure. 
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Conclusion 

ous^pproaches^to^the^allocatio^of8tedithr°ü9h 
These"ideas are brÓ^ht iu?"} mí.f« „0n,5J"t0,hardK?r,! and SOft,,are- 
figuration models. several complete system con- 

Term! nal ^odí fi enfiada Video »“f 66 

ug^ü^'íní1:::,"6 b:r°" prac'?sin»nJ^ 
the computer are progressively inrrJacoH^8' the Pr0cessln9 functions of 
the digitizer to 
trates the extreme of this schema That i 11 .* m°del illus- 
described in the main bod5 ^ ,T!‘ ! iSt 811 the ra,|ar functions 
The models presented are not the a!^fc?ted t0 the computer, 
binations would be possible bv conçirfí»».^ po?sibilitieS8 Many other com- 

meters used throughout the reoort Tor .a. n 68568 the atandard para- 
cipai parameters L ieHera^ U P“rP°SeS 0f the pri"- 

Range Quantization 

Pulse Repetition Frequenty 

Maximum Range 

Target Detection Window Length 
(radar) 

Radar Target Reports per second 

Beacon Target Reports per second 

Fruit Density (responses per second) 

1/16 mile 

1200/seconds 

60 miles 

17 

125 

63 

100 

prÄ ::daprro;:::: ernaí;;,ens1:,,vestí!'‘ted ior ^ 
the ones which have been shMÎ ?o ^ Î:::Îm The 8lr"8tives «lve" “re 
ntore, in cases where minor modificatifs dÎKÎÎ^ JÍ: ,wrtl,e,r; 
represent the preferred techniques. For examle ií ííl Of! alternatives 

The b„evei a„d 
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mogttted la tka trad«-»ff diteasaioa. Tkaaa art tht repeated output of 
quaatiier threakolda every aveep aad tke prevlaloa to aelect oae of two 
raage deaaity tkveakelda ea aa ladividaal aeae baaia. Mtb raapeet to
pre-detectloa, tke beat eheleea ef tke hardware aad aeftware algorithaa 
■re conaldered to be the lequential observer (T = 3) aad the sequential 
4/0, reapectively. Tke alteraatlvea proseated la figure 31 eoaaider only 
these two pre-deto«tora. la aeae eaaea, hardware alteraatlvea aot dia- 
eussed la thia report are Hated. Tkla aiapkaalaea tke point that other 
hardware teehalquea are available and ahould be eoaaidered la the Basic 
Radar Data Aequisltioa Subsystew (ROAS) design. Clearly, they are not to 
be rejected Just because it is aot possible to lapleaent tkea through 
software.

(A) Systaa Nodal Oae. Tke first systea aedel illustrates the
requireawats for tke ease where the digitiser is aodeled after the TNRVDP, 
see figure 32 and table XIII. Tkla approaek is extreaely eoaaervatlve of 
coaputer resources so that other functions such as tracking, could be 
assigned to the lOP. Tke risk of achieving a workable systea muld _
be saall because of the knowledge gained through developaent of the TNRVDP. 
On the other hand, hardware lapleaentatlea of the video processing functions 
would be soaewhat restrictive to experlaentatlon. It has been noted 
earlier that tke Basie RDAS will serve as an experlaental tool for evalu­

ation of video processing techniques. Therefore, it is desirable to have 
a high degree ef flexibility ia the basic systea.

(B) Systea Nodal Two. Systea aodel two illustrates the application
of the two-stage SCF technique for video selection and quantiser threshold 
control. This aodel is shown in figure 33 and table XIV. Note that two 
quantisers are controlled aad that the ordering of video switeking and 
quantlsatloa is perautad. This systaa weald ellaiaate tke hardware aeaory 
requlreaeat for the video switching and scan correlated feedback function. 
Based on the TI«VDP. this aaounts to 45,056 bits. Furtheraore, the appli­

cation of the SCF concept to video switcklag provides autoaatie and dy­

namic selection of the normal and NTI videos. Aa important point is that 
other hardware techniques for video quantisation are not ellalaated by 
this approach. Tkeae other techniques could be built into the digitiser 
■long with a provision to switch between the various methods. This point 
also applies to tne rest of tke models to be discussed. Coaputer pro- 
cessiag tiae aad aaaery requirsaents are higher than those of aodel one; 
however these are still saall relative te the capability of eae lOP aad 
one 16K aeaory aedule. Seae increase in flexibility is achieved, but 
target detection and beaaapllttlag functions would be fixed as initially 
built la the hardware. Systaa risk would again be saall because aost of 
the TNRVDP design would be laeorporated and only a light load would be 
placed ea the lOP.
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Table XIII. Syaten Model Oae 

Functions Time (X) Memory (words) 

DIGITIZER FUNCTIONS 

Video Selection and Switching 

Video Quantiaation and Threshold 
Control 

Range Strobe Eliwination 

Target Detection and Threshold 
Control 

Beamsplitting 

COMPUTER FUNCTIONS 

Beacon Video Processing 

Radar/Beacon Correlation 

Tracking Feedback* 

Total 

24.1 

3.5 

-IdL 
32.0 

1,500 

200 

300 

2,000 

* The figures for tracking feedback asiume scan correlated feedback and 
target detection would be in the computer; hence these figures are low 
by about one percent. 
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Table XIV. Sjrsten Model Two 

Functions 

i ^ DIGITIZER FUNCTIONS 
« .* 

Video Switching < 

Video Quentiaation 

Range Strobe Elimination , * 

Target Detection and Threshold 
Control .... 

Beamsplitting 

COMPUTER FUNCTIONS 

Beacon Video Procesaing 

Radar/Beacon Report Correlation 

Tracking Feedback* -• 

Subtotal 
i i 

Control of Video Selection 
and Quantisation Threshold 

Video Selection ' 

Threshold Control 
(normal video)** 

Threshold Control 
(MTI video) * * c w* . i Subtotal 

Total i 

Time (%), 

. 

24.1 

j 3.5 

. 4.4 

32.0 

2.9 

6.4 

-111. 

13.5 

45.5 

Memory (words) 

1,500 

200 

300 

2,000 

1,100 

2,800 

UOO 

6.300 

8.300 

* Tracking feedback figures nssuae the target detection function is 
in the computer; hence abçu} a one Mrcent increase in the values 
would be required to transfer threshold data to the digitiser. 

h • ...J 

** Quantiser threshold control is via the tri-level, two-stage SCF 
concept. 
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mMÏl't«“" ltmÍ <11,erUU,tl0*V ^ f*«'!.« «¡idT'Îhî".""1;;' 

aä”£ hraSÆ^igH? “f « 
the'ïiaifîîi“ ;t1?Lr2!: “i;1- • ‘«*-™ Pr.d..«t.r replaces 
the coïpiur ahéîel. fîÜ? £12,¾ î l",î*tl,'< *• tr.a.ferred tè 
Automatic Clutter BUaiaator (ACE) ai tlirfÎaaT*^ "“il?1 apPlles the 
remain a« givea ia lîitemmL.itk^Ü r*?1*1,?16®10'* 0ther '“"«ion» 
thi. model? Both prüemiüj U.Í ïîd'maliK vJ i*"“ table ÏVI lllu«trate 
jump; however the total reauireaemt ii «TnT ta^e a 8*ze8l>le 
Hihed earlier a. gÕaÍi. ThiTLÍL ÍJ íiW Í^thlr the linlta eatab“ 
most of the video proceiiina fïÎcïiî« .ÍÍ *« «»««red because 
hand, the «y.tem ri.k Î. flîîaÎïTîiî! .Ü* li,îhe aoft’rtre- On the other 
ware target detection aîpîoaeh^î Lî^. ller Ü°deli becau,e the ««ft- 
Nevertheless, the feaiibim^of tL^fííI® * predeceaaor *» ^*TS III. 
atrated in a previously developed milîîÎiîT^ fpproach haa bee" deaon- 
out credentials! y Wl0pwl ■lllt,ry «yitem so that it i« not with- 

vid.« u,i«£í:!.do2';;.t£,^£r?:jL4,:¿0,>rí't d?t'cu°" »» *« 
target indicator (BTI) ouantizMi wíHaa í *♦ -0°tb B®raal and moving 
The di„iU„r pÆ p^!.'^ 

t£ ÎÎ£“Î" îîriir Ur»et detection and Les^Huing ¿1'U,e 
are associated in the8Radar/BeIcontCorrelationSUltlnfl fr°c thÍS parallelism 
table XVII farther de.c“£ ££" " P FÍ9“re 36 and 
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Table XV. System Model Three 

'.irrthe rqet detecti°" 
would be required to trenefer thee,hold dSta tÍ"ird^qJûzSr. 

’'■•The quantizer threshold 
is for two video types. control Is via the tri-level two-stage SCF and 
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Table XVI. System Model Four 

Functions 

DIGITIZER FUNCTIONS 

Video Switching 

Video Quantization 

Range Strobe Elimination 

Predetection 

COMPUTER FUNCTIONS 

Beacon Video Processing 

Hadar/Beacon Report Correlation 

Tracking Feedback 

Control of Video Selection 
and Quantizer Thresholds* 

Input of Quantized Video 

Target Detection via ACE** 

Totals 

Time (%) 

24.1 

3.5 

4.4 

13.5 

3.0 

17.8 

66.3 

Memory (words 

1.500 

200 

300 

6,300 

2t500 

1.200 

12,000 

*îîef2üatntÎ2eLthreSh0ld C0ntr01 iM vla the tri-level two-stage SCF and is for two video types. 

**Figures for 
predetector 

target detection are bar.ed on a sequential observer 
operating on 7.5 percent noise. 

(T = 3) 
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Table XVII. System Model Four*A, Dual 
Target Detection of Two Videos 

Functions Time (X) Memory (words) 

DIGITIZER FUNCTIONS 

Video Switching 

Parallel Quantization of Two 
Videos 

Range Strobe Elimination 

Predetection 

COMPUTER FUNCTIONS 

Beacon Video Processing 

Radar/Beacon Report Correlation 

Tracking Feedback 

Control of Quantizer Thresholds* 

Input of Two Quantized Video Types 

Target Detection via ACE** 

Beamsplitting 

Totals 

24.1 

4.7 

4.7 

10.6 

6.0 

16.0 

-iîiL 

75.7 

1,500 

200 

300 

5.200 

5,000 

1.200 

-120 

13,500 

«Quantizer threshold control is via the tri-level two-stage SCF and is 
for two video types. 

««Figures for target detection are based on the sequential observer 
(T = 3) predetector operating on five percent noise. 
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The trade off coniiderations of this nodal are similar to those of 
model four although from an experimental atand point this model has great 
appeal. The dual target dptection could significantly enhance the radar 
tracking level performance. The risk for this system would be similar to 
that of model four, since that model could be considered as a fall back 
position. The computer requirements, which are about 76 percent processing 
time and 14K words, pose no problems. It is appropriate to note that the 
processing time quoted assumes operation at a five percent noise level in 
the quantized video. 

(F) System Model Five. System model five illustrates the opposite 
extreme of system model one. As indicated in figure 37 and table XVIII 
most of the radar processing functions are allocated to the computer. 
This model differs from model four in the allocntion of the predetector; 
whereas ACE is again assumed as the final detector. 

The model is definitely a feasible approach; however it is subject to 
higher risk than other models already presented. As in system model four, 
a great deal of flexibility is offered since most of the processing func¬ 
tions are in the software. Various approaches to target detection and 
threshold control could easily be incorporated through program changes. 
This feature would be significant during the experimentation and evalua¬ 
tion of the system at a test site. 

* • ! i t I ' * i. • 

On the other hand, this approach is new to the ARTS III environment. 
As such, a degree of risk prevails. For example, if the computer became 
overloaded due to an unforeseen processing requirement, the fall back would 
only be through a change of system parameters, e.g. noise level. This 
could affect system performance. Because the Basic RDAS model may be used 
as an interim system for critical terminal areas, the risk of system model 
five is of concern. 

(G) System Model Five-A. Dual target detection on two videos is again 
demonstrated by system model five-A, refer to figure 38 and table XIX. 
Except for the dual detection capability, this model is similar to system 
model five. It dramatically illustrates the processing power of the digital 
computer, but because of the heavy processing load, it would not be prac¬ 
tical for implementation in a single I0P system. It would, however, be 
feasible in a multi-IOP system. As in system model four-A, it would be 
extremely interesting to evaluate the performance improvement during the 
experimental phase at a test site. On the other hand, this model would 
pose the same risk as model five and, as such, may not be desirable as a 
solution for an interim system at terminal areas. 

(H) Summary of Functional Allocations. Figure 39 provides a breakdown 
of the functional allocations for the system models discussed in the preced¬ 
ing pages, the abbreviation RD refers to functions performed in the Radar 
Digitizer (hardware), whereas the I0P abbreviation refers to the functions 
performed in the computer (software). 
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Table XVIIl. System Model Five 

Functions Time (%) Memory (words) 

DIGITIZER FUNCTIONS 

Video Switching 

Video Quantization 

Range Strobe Elimination 

COMPUTER FUNCTIONS 

Beacon Video Processing 

Radar/Beacon Report Correlation 

Tracking Feedback 

Control of Video Selection 
and Quantizer Thresholds* 

Input of Quantized Video 

Predetection and Target 
Detection via ACE** 

Beamsplitting 

Totals 

24.1 

3.5 

4.4 

13.5 

3.0 

24.3 

-4JL 
77.6 

1.500 

200 

300 

6.300 

2.500 

1.300 

100 

12,200 

•The quantizer threshold control is via the tri-level two-stage SCF and 
is for two video types. 

••Figures for target detection are based on the sequential predetector 
operating on 7.5 percent noise. 
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Table XIX. System Model Five-A, Dual 
Target Detection on Two Videos 

Functions 

DIGITIZER FUNCTIONS 

Video Switching 

Parallel Quantization of Two 
Videos 

Range Strobe Elimination 

COMPUTER FUNCTIONS 

Beacon Video Processing 

Radar/Beacon Report Correlation 

Tracking Feedback 

Control of Quantizer Thresholds* 

Input of Two Quantised Videos 

Predetection and Target Detec¬ 
tion via ACE** 

Beamsplitting 

Totals 

Time (.%) 

24.1 

4.7 

4.7 

10.6 

5.9 

37.2 

9.6 

97.0 

Memory (words) 

1,500 

200 

300 

5,200 

5,000 

1,300 

100 

13,600 

*Quantizer threshold control is via the tri-level two-stage SCF Snd is 
for two video types. 

**Figures for target detection are based on the sequential 4/8 predetec¬ 
tor operating on five percent noise. 
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Recommendations 

The objectées of the Basic Radar Data Acquisition Subsystem (RDAS) are 
two-fold. The first is to provide an experimental system in which differ¬ 
ent video processing concepts can be readily implemented and evaluated. 
Satisfaction of this objective dictates that a high degree of flexibility 
be possible in the Basic RDAS. This capability can best be achieved with 
a system which emphasizes the software approach. The second objective is 
to provide an interim operational system which can be installed and exer¬ 
cised at terminals in critical need of an automated system. This obiec- 
tive requires a design in which the risk of developing a workable system 
is minimal. The satisfaction of this objective could perhaps be best 
accompiished through a design which is an improved version of the Terminal 
Modified Radar Video Data Processor (TMRVDP). Although these objectives 
may appear to oppose one another, it is possible to design the Basic RDAS 
to satisfy both objectives. 

The Basic RDAS approach recommended for consideration in the system 
design is to develop a system which incorporates features possessed by 
both system model one and system model five. That is, the digitizer 
should be capable of detecting and locating targets in addition to trans¬ 
ferring quantized video to the computer. Similarly, the computer should 
be capable of handling digitizer target reports or developing target report« 
fí0? (luanti2ed video. Furthermore, the system should be designed such 
that either or both capabilities can be exercised. Because of the hardware 
target detection capability, the system risk would be minimal. Hence, the 
system would be suitable for operation at terminals. The provision for 
performing target detection within the computer would enhance the flexi¬ 
bility of the system during the experimental phase. In addition, the 
evaluation of dual target detection on two videos can be accomplished 
through operating the digitizer target detector on one video simultaneously 
with computer target detection on another video. Figure 40 is a block dia¬ 
gram of the system design recommended for consideration, and table XX lists 
the time and core requirements for the three possible configurations. 
Other design considerations are as follows: 

1. Implementation of two tri-level, two-stage Scan Correlated Feedback 
(SCF) loops for quantizer threshold control of normal and moving target 
indicator (Mil) videos, respectively. 

2. Application of the two-stage SCF concept for video selection. 
3. Hardware implementation of a sliding range window for range strobe 

elimination. 
4. Application of Automatic Clutter Eliminator (ACE) for target detec¬ 

tion in the digitizer. 
5. Application of the sequential 4/8 predetector followed by the ACE final 

detector for the software approach. (In addition the software should 
be designed such that the predetector and final detector can be easily 
changed). J 

6. Application of conventional beamsplitting in the hardware and center of 
density beam splitting in the software. 

7. Incorporation of tracking feedback for threshold adjustment, at least 
in the software approach. 
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Table XX. Basic ROAS Design Recommended for Consideration 

Functions 

DIGITIZER FUNCTIONS 

Video Quantization(H)*, (S), (H/S) 

Video Switching(H), (S), (H/S) 

Range Strobe Elimination (H), (S), 
(H/S) 

Target Detection and Threshold Con¬ 
trol (H), (H/S) 

Beamsplitting (H), (H/S) 

COMPUTER FUNCTIONS 

Beacon Video Processing (H), (S), 
(H/S) 

Radar/Beacon TReport Correlation 
(H), (S), (H/S) 

Tracking Feedback (H), (S), 
(H/S) 

Control of Video Selection and 
Quantizer Threshold** (H), (S), (H/S) 

Input of Quantized Video (S), (H/S) 

Predetection and Target Detection 
via ACE*** (S), (H/S) 

Beamsplitting (S), (H/S) 

Time (%) 

24.1 

4.7 

4.4 

13.5 

3.0 

24.3 

4.0 

Memory (words) 

1.500 

200 

300 

6.300 

2.500 

1.300 

100 

♦Three possible system configurations: (H) - hardware detection, 
(S) - software detection, (H/S) - hardware and software detection. 

♦•Quantizer threshold control is via the two-stage tri-level SCF. 

♦♦♦Figures for target detection are based upon the sequential 4/0 pre¬ 
detector operating on 7.5 percent noise. 
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APPENDIX A 
ANALYSIS OF THE SCAN CORREUTED FEEDBACK CONCEPT 

The Scan Correlation Feedback (SCF) Concept is a control system for 
setting the clipping level threshold in the video quantizer. By opera¬ 
ting on binary quantized video produced during one scan, the SCF deter¬ 
mines what threshold should be applied on the next radar revolution. The 
objective is to manipulate the threshold iu such a manner that the percen¬ 
tage of ones produced from noise and clutter video is regulated to a pre¬ 
determined value. 

The purpose of this analysis is to compare the functional performance 
for three methods of the SCF concept. The SCF as implemented in the Ter¬ 
minal Modified Radar Data Video Processor (TMRVDP) is taken as the refer¬ 
ence system. Modified versions which have as a purpose more efficient 
computer implementation are compared against this reference system. A 
measure of comparison is the statistical variance of the noise level pro¬ 
duced by the quantization process. 

The analysis is an application of the theory of Markov Chains. The 
three SCF systems are first modeled as finite Markov Chains, and then the 
models are evaluated under steady-state conditions for the purpose of com¬ 
paring long-term performance. Following that is an investigation of short¬ 
term transient response. 

(A) Description of SCF Models. Before proceeding with the analysis, 
the three SCF methods are described. 

(1) TMRVDP System. The functions of the SCF systems are the quan¬ 
tization of analog video, evaluation of the percentage of binary ones pro¬ 
duced and adjustment of the quantization threshold. A block diagram of 
these functions for the reference SCF system is illustrated in figure A-l. 
The functions are described in the following paragraphs. 

The quantizer compares radar analog video V(t) against a voltage thres¬ 
hold and produces binary video corresponding to range intervals—called 
range cells. The SCF of the TMRDVP utilizes range intervals of 1/8 of a 
mile; however in this analysis range cells corresponding to 1/16 of a mile 
are treated. 

A zone counter determines the number of ones produced in each zone 
having a dimension of 2 miles by 32 ACPs. The partitioning of the whole 
radar surveillance area into zones permits regional control of the video 
quantization. The selection of 1/16 radar mile quantization implies that 
1,024 range cells are contained in each zone. 
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dueed. The c«ple.e.t.rr cohíltüe .”i e h"? ï 
few ones are produced. «‘«'«es mat p is too high and too 

Based on the above conditiona, a threshold level (t ) <■ »«.l 

radar scan ^"0™ ««^,,,*?! t?re,h0ld ,0 b' «PPH'd an the next 

* = B(Tn) = T„.-i- 

In the TMRVDP, an estimate of the averaoe video level t a iron B »k tz^tnn h,’‘- • «» a-;«.«*:.1t":Io:;.kr"a;,f;;: %% 
is «îteYtÎrSï^îXIi-ÎJl ‘‘ ^‘«antad in the I1IRVDP an 
level” i« that thl » * »mgie-stage SCF. The meaning of the term "bi- 
i e T ifeithïr ?UtCOme of<1the dMi8i°n process has two possibilities 
”s!ñ„ilnct Í h ! incremented or decremented. Use of the modifier 

Ää;?:;*“Z™rr^rm 
The following paragraph describes the second"OT'systêm'irwh'ch the"d cisión process is modified. ^ system in which the de- 

a ^o-leve/deÎiïiÎn^mcMrtfdêteïülin^ühetherT’r®06 ^ incorPorates 
ment the threshold level T Thic 1,16 ,*^et*,er t0 increment or decre- 
compare operation o hí ïugll! ,^5 'î”? C°,,”t ,n<i 
volves only ,h. «Z îroT.^™,J 
in a two mile ranoe interval li rAimtAH S number of ones 
threshold (Rl). For each twn .u¡¡U?l!d 8ní comPared t0 ■ fange density 
cator œ is,;, tô„»îf".’i!* bln*rj "•»«ity ^i- 
tc cat *. «.i 14 ine fanfl® count (R) exceeds Rl: otherwii* v 
zone (32 ACPs)* !epeated for each of sweeps in the 
the range density indicators withirtiTf6688 forTeach *one °P«fates on 

is™checked^against^he"threshold "¡‘"«'“'h’«“« (A) 

provideshlicí^^^íf ^ ^ 

tnjîî “*~‘b" *bb* P«*»" b> ‘"is analysis is that performance of the 

ter performance. 
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(3) Tri-level Two-Stage SCF. The incrementation in the tri-levp] 
thatSth9e SCF díínfÄlf^0B, îhe 51_level incrementation discussed above in 
that three possibilities exist for the adjustment of Tn. Two azimuth den- 
sity thresholds (A1 and A2) are required. If the azimuth count (A) of the 
r nge density indicators with in a zone exceeds A2, the threshold level T„ 
închü^Pri6"1^’ If £ < A1' t[|en Tn i* decremented; otherwise Tn is left 
unchanged. Hence, whenever the count (A) takes on values within an inter¬ 
val of acceptance, the threshold level is assumed to be properly set and 
I0 u”"2L‘LPer"Uted- Thi‘ dltí"« ‘he bi-level JessL i 'w ch Tn is changed every scan. 

wi?f4p?nh M°?el8' The ^ concepts can be modeled as a Markov Chain. 
Specifically, the process can be considered as a Random Walk with reflect- 

îh^e;h0I,, le,elS ,re d‘,lned » »täte, .f .hi ilrki, Ch in. The objective is then to determine the properties of the stochastic 
random variable T„. This is achieved through determining the probability 
distribution for Tn. It should be noticed that in each zone, the SCF 
system operates independent of the neighboring zones. Hence in the analy- 
Thp'fÍnnVUfflClent Í° ®°"fider the characteristics of only one zone. Y 

Jhe«iuc!"it™sr,p tl,e thrM ,er,l0"*of the SCF co"cep" *» 

abl d‘Í1,„uí'!*Vel.S.i,9l':St:(|e P' Let T» be * «t»ch..tic random vari- 
able defining the states of the bi-level single-stage SCF at epoch n, that 
próoeítfif nth ifan* .The probability distribution of Tn defines the 

?Kr??ardín0 the sel*ction of the threshold level. In particular 
the distribution describes the likelihood that a threshold leïeî takîs ' 
on a certain value at scan n. This probability distHbution caí 

the tíaísíní lf ^kÍÍÍ11*1 di,tribution the threshold levels T0 and 
the transition probability matrix (M) of the Markov Chain are known 
Through most of the discussion, the initial distribution is unimportant- 

ÜtíiÍTcíÍ üe Lïahnf£ ;n2efined u4ntil 11 i* "ceded. The traïsition’ 
matrix M can be established by examining the processes of the SCF concept. 

The quantization process is considered first. The analog video enter- 
dpfinïn }8 a*su®ed t0 be a stationary stochastic process V(t) 
defined by the Rayleigh Distribution. That is, 

P(V(t) X r'3 -2? p) = J0 ve v dv 

7 
where ß is the voltage threshold and t is a parameter directly proportional 
to the average voltage level of the analog video. It is further assumed 
that the autocorrelation function of this process approaches zero with 
sufficient speed that the video in adjacent range cells can be treated 
as statistically independent. With these assumptions, the probability 
distribution of the binary video produced by the quantizer can be defined. 
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Ut Xro be a Bernoulli randon variable representing the binary video in a 
range dell of the none. Thia cell is interpreted as the one corresponding 
to the r-th range Interval of the smep 0. Because it is as turned V(t) is 
stationary every Xr0 has the saae distribution, i.e. a Bernoulli distribu¬ 
tion defined by parameter (prj) where, 

P n = 1) = P(V(t)>4) = JT4 
r 

Note the pn is a function of the threshold level (Tn) utilised on the n-th 
scan since * = B(Tn). This parameter Pn is called the noise probab¬ 
ility of epoch n. A graph of pn for * = J* volt is provided in figure A-3. 

At the n-th scan, the zone count S_ can now be described as a random 
variable with a binomial distribution. The parameters of this distrib¬ 
ution are the noise probability pn and N where N is the number of range 
celts in a zone. In this analysis N is taken as 1,024. 

The comparison of Sn against threshold K1 can be constructed as a 
statistical hypotheses test; however a precise formulation is not neces¬ 
sary. Consider that a noise probability p, called the Comnand pn, is 
desired out of the quantizer. A sample of video whose underlying noise 
probability is pn is taken from a zone. The decision is whether pn > p or 
P" s P* B«®*«*« the zone count Sn has a binomial distribution, the Neyman- 
Pearson Test of the hypothesis (pn > p) has an acceptance region of the form: 

S- > K1 

where K1 is a constant which has yet to be determined. Consider taking 
K1 as the raean (expectation) of the binomial distribution having para¬ 
meters N, p, i.e. 

K1 = Np. 

This choice of K1 produces a test whose size is on the order of one half, 
i.e. the probability of Type I error is close to one half. Therefore, 
when P,, = P. the probability of incrementing T„ is approximately the same 
as the probability of decrementing T„. This is clearly a desirable char¬ 
acteristic for bi-level incrementation. 

With this ground work, the transition probability matrix M for the 
Markov process can be constructed. Because of the assumed stationarity 
of the analog video, the Markov process is stationary. Therefore, the 
transition matrix M is independent of the time (n). The transition matrix 
corresponding to the bi-level single-stage SCF with 64 threshold levels is 
as follows: 
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H = 

dM "64 

where ui is the probability of incrementing Tn given that Tn = j, dj is 
the probability of decreaienting Tn given that TB = J, «"d uj + dj = 1. 
Note that when Tn = 1. it is not allowed to be decremented, and similarly 
when Tn = b4, it cannot be incremented. Hence, the process is treated 
as a Random Walk with reflecting barriers. 

From the above discussion regarding the probability of incrementing 
Tn, the expression for uj and dj can be explicitly stated. 

*J =»<*,>« |T„ = J> 

d 
j 

= 1 u 
J 

It should be noted that the dependence of Uj on Tn is through pB. Recall 

The Markov Chain formulation of the bi-level single-stage SCF is now com¬ 
plete. The following paragraphs describe the modifications to this Markov 
Chain resulting from the bi-level and tri-level two-stage SCF. 

(2) Two Stage SCF Markov Chain. The only change in the Markov pro¬ 
cess for the bi-level two-stage SCF is in the construction of the transi¬ 
tion probabilities, u, and dj These probabilities are established by 
investigating the two-stage tiecision process. 
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In the first level of the decision process, the quantized video is counted 
on the basis of independent sweeps, i.e., 

where Rq represents the range count for sweep 0 and is the quantized video 

for the r0-th range cell of a zone. This range count R0 is a random variable 

from the binomial distribution with parameters pn ancf NR where NR is the number 

of range cells along the range dimension of the zone. Based on the zone size 
and range intervals already stated, it is evident that NR = 32 for this analy¬ 

sis. 

With respect to a given zone, let Yg be the range density indicator for 

sweep 0. Then 

0 , if R0 * R 
Y 0 = 

, if R0 > R1 

where R1 is the range density threshold whose value is to be specified later 
Now, Yn is a Bernoulli random variable with 

Ö 

P(Y0 = 1) = P(R0 > RD 

Because the Xr0 have been assumed to be independent and identically dis¬ 

tributed, it is evident that the Y0's for zone are also independent and iden¬ 

tically distributed. For convenience, let 0 = P(Y0 = 1), then it can be seen 

that the azimuth count for scan n, i.e. 

is a binomial random variable with parameters 0 and N0 (the number of sweeps 

in a zone, Nfl = 32). 
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The decition to increwnt Tn I. booed oo the criteria 

A, > A1 n 

2;!*™!"" ÍÍ'k'1” of th' ‘ypothe.i. teot. 

r«sÄs 

mately equal the probability of decrementing «hen pn = p. There exists a 

Äf:!.?r,dRÄ 
An. That is, let 9 

and 
R1 = E(R0) = NRp 

A1 = E(A ) = No0 
n y 

i 

where p is the Command p and 
n 

0 = £ 
r>Rl (¾) Pr(l - p)NR-r 

The transition probabilities Uj and d. can no« be defined. Let 

0 = P (Y0 = 1 I Tn = J ) 

= P (Re > Rl) 

then 

= L 
r>Rl *10) pn r (1 ‘Pn’ N»'r 

“j =P <An>A1l Tn = J> 

and 

k>Ai 0) "jk (1-V V 

dj= ‘-“j 

«here Rl and A1 are taken as defined in the previous paragraph. 
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an additional transition probability i« intmHi ^ tu SCF, except that ru> Tn “—ÄbiJ\r :ä& 
fidence interval, i.e. 

Tn+1 = T„ If A1 s s„ s 42 

The transition probability matrix for thi s process has the following form 

s2 u 2 

where d. is 
J 

probability 
bability of 

dj = 0 and u 

j 's. 

the probability of decrementing Tn given that Tn = j, s. is the 

of leaving Tn unchanged given that Tn = j, and u is the pro- 

incrementing Tn given that T, = J. With the definition that 

64 - 0 then the following expression must be satisfied for all 

Uj SJ " “j 

Notice again that this process is a Random Walk with reflecting barriers. 

Consider ^ *'• A2' «“•"■in, «b, process. 

R1 = E(R0) = NrP 
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Then the definition of Yg as a Bernoulli random variable remains unchanged. 

Further consider that if A Y« is within a one sigma confidence inter- n ö c 
val about the expectation, E(An), then the present value of Tn is taken as 

adequate and Tn does not change. The form of A1 and A2 is then as follows 

A1 = N00- J N00(1-0) 

and p is the command p . ï* 

The expressions for determining the transition probabilities can now be 
stated, i.e. 

u. = PÍA >A2 I T = j) 
J n ' n 

dj=P(An<»l|Tn=J) 

This concludes the formulation of the SCF concept as a Markov Chain. It 
has been seen that each SCF version can be defined as a Random Walk with 
reflecting barriers. Further the transition probability matrices are deter¬ 
mined by the assumptions on the input noise process for the analog video and 
the choice of parameters for the decision process. The next paragraph 
discusses how information regarding the long-term operating characteristics 
of T can be established from the knowledge of the transition matrices. 

n 
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(C) Stationary Distribution. It is of interest to investigate what 
happens after a SCF system has run for a long period of time. For exam¬ 
ple, does the system tend to settle on values of Tn which produce the 

desired probability of noise? If the above occurs, what is the expected 
noise level produced and how much variation in noise level would be 
typical? 

The answers to the above questions are found in the theory of Markov 
Chains. Specifically because the described SCF systems have a finite 
number of states (none of which is absorbing), it is known that a steady- 
state condition does occur. Further, this steady-state can be described by 
what is called the stationary probability distribution of T . Let Z be a n 
row vector made up of non-negative elements whose sum is one, i.e.. 

where zj 2 0 and ^ zj = 1• There exists a unique vector C with the above 

properties that satisfies the following matrix equation. 

c,.) = CM 
64 

where M is the transition probability matrix of the Markov chain. The 
elements of this C define the stationary probability distribution of 
T = liroTjj. That is, consider the system is turned on and run for a long 

period of time (theoretically an infinite period). An observer examines the 
system for the threshold level then in effect. The element is the pro¬ 

bability that the threshold level (T) is equal to j. 

When stationary probability distribution of T is known, the expectation, 
E(T), and the variance, cr(T), can be determined. Clearly both of these are 
defined, and both exist because the distribution is discrete and has a 
finite number of states. In particular, the expectation is 

E(T) = S jc. 
j J 

and the variance is 

a2(T) = L (j - E(T))2c 
j j 

Clearly E(T) is the average value about which the threshold level fluctuates. 
Additionally ff(T), the standard deviation of the stationary distribution, is 
a measure of how much the threshold levels vary around E(T). 



The stationary distribution of T completely defines the steady-state oper¬ 
ation of the system; however a greater appreciation of the system perfor¬ 
mance can be obtained by evaluating the process in terms of noise proba¬ 
bilities. That is, the expected value and the standard deviation of the 
noise probabilities produced by the quantizer is of greater interest than 
the corresponding variables in terms of threshold levels. Fortunately, this 
information is also readily available. It was stated earlier that quantizer 
output in terms of noise probability p is a function of threshold level T 
i .e., 

- B(T )2 
n 

Hence, the noise probability produced is a random variable 17 which can 
be construed as a single valued transformation of random variable T. Since 
T is a discrete random variable, 17 is also discrete, so that 

Eit?) = E ^jCj 

and 

a2(rj) = j (î7j-E(rj))2Cj 

where rj^ is the noise probability associated with the threshold level j. 

that the parameter i|i is treated as an implied, fixed parameter of the 
transformation. The comparison of SCF concepts is primarily made in 
terms of these latter variables. 

Note 

(D) Application. The comparison of the three SCF versions can now be 
made. Two main points are brought out. First, the performance of the 
bi-level two-stage SCF closely approximates that of the bi-level single-stage 
SCF. Second, application of the tri-level two-stage SCF can provide a 
significant improvement over that of the bi-level approaches. As mentioned 
in the math model discussion, the comparison is presented in terms of the 
expectation and standard deviation of the random noise probabilities r¡. 

The data provided in the following discussions and illustrations was 
obtained through numerical evaluation of the math model via a digital com¬ 
puter. Evaluation is made for Command p values from 1.5 percent to 24 per¬ 
cent in steps of 1.5 per cent. 

With respect to the comparison of single versus two-stage processes 
with bi-level incrementation, it is found that the expectations from 
the two approaches are in close agreement. The expectation of the 
noise probability, E(r)), for each method is tabulated in table A-I. 
Notice that the single-stage E(rj) is biased slightly higher 
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îhüü íh!tCnrfüd p? a?d that the bi'level two-stage E(r/) is slightly higher 
than that of the single-stage process. In both cases the magnitude of the 
bias is small, and is of no real consequence in operation. The significant 
element is that the expected noise level closely follows the Command p . 

rn 
Table A-I. List of Expected rj for Various Command P 

n 

Command P (%) 
n 

Expected 77 (%) 

Bi-Level 
Single-Stage 

Bi-Level 
Two-Stage 

Tri-Level 
Two-Stage 

1.5 

3.0 

4.5 

6.0 

7.5 

9.0 

10.5 

12.0 

13.5 

15.0 

16.5 

18.0 

19.5 

21.0 

22.5 

24.0 

1.549 

3.118 

4.587 

6.054 

7.622 

9.080 

10.645 

12.110 

13.577 

15.142 

16.607 

18.067 

19.629 

21.099 

22.557 

24.122 

1.829 

3.185 

4.941 

6.361 

7.839 

9.113 

10.967 

12.392 

13.721 

15.294 

17.105 

18.224 

19.998 

21.178 

22.894 

24.147 

1.623 

3.012 

4.495 

6.142 

7.531 

9.046 

10.637 

12.108 

13.354 

14.982 

16.736 

17.889 

19.594 

21.111 

22.475 

24.073 

Note: Zone Size 32 range cells x 32 ACPs, ÿ = volt 
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The next item of interest is the relationship of the standard deviation 
from the two bi-level processes. Plots of the standard deviation are shown 
in figure A-4. Here there is fairly close agreement in the values over the 
whoie range of Command p . As might be expected the standard deviation for 
the single-stage process is uniformly smaller than that of the two-staoe 
process, but the relative difference is small. The two-stage standard 
deviation is generally 10 percent higher than that for the single stage. 
This would not be a noticeable factor in actual operation of the system. 

Further comparison of the bi-level process is via a direct look at the 
stationary probability distributions of rj. Figure A-5 provides a side-by- 
side comparison for the several values of Comnand pn. For convenience of 
presentation, the distributions are given in terms of the threshold level 
(T) random variable. The solid colored bars represent the single-stage dis¬ 
tributions; whereas the open bars represent the two-stage distributions. 
Note that the general trend of the single-stage and the two-stage distri¬ 
butions are the same. Individual values (probabilities) within the distri¬ 
butions vary slightly, but not significantly. 

In summary, the comparison of the single- and two-stage processes with 
bi-level incrementation has shown that nearly equivalent long term properties 
cuuld be anticipated. For both processes the expectations, standard devi¬ 
ations and stationary distributions agree remarkably well. The next issue 
is whether the adaption of a tri-level incrementation process improves the 
overall performance. This is addressed in the following paragraphs. The 
tn-leve! two-stage SCF system is compared against the bi-level single-stage 
SCF system. Again, the approach is to investigate the long-term operating 
characteristics. The expectations and standard deviations of the noise 
probabilities produced by the quantizer are first reviewed, then the station¬ 
ary probability distributions are discussed. 

The tri-level two-stage E(tj) are more nearly equal to the bi-level single- 
stage E(rj) than was seen for the bi-level two-stage SCF system. In some cases, 
the tri-level two-stage E(tj) are closer to the Command pn than the correspon¬ 
ding expectations for the bi-level single-stage process. This assertion can 
be verified by reviewing the second and fourth columns of table A-I A*5 il¬ 
lustrated by comparing the standard deviations of the subject processes^ the 
tri-level two-stage SCF provides more precise control of the noise proba¬ 
bilities than does the bi-level single-stage process. The standard devi¬ 
ations of the noise probabilities are plotted in figure A-6. For example, 
at a Command pn of 9 percent the bi-level single-stage process has a standard 
deviation of 1 percent; whereas for the tri-level two-stage process, the 
standard deviation drops to 0.8 percent. The reduction in standard devi¬ 
ation increases with higher command pn values. 

Review of the stationary probability distributions for the subject pro¬ 
cesses also shows that tighter control of the noise probabilities is possible 
with the tri-level two-stage SCF. The distributions which are shown in 
figure A-7 illustrate the manner in which the tri-level two-stage distri¬ 
butions are concentrated on a few values of the threshold levels. The peaks 
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Figure A-4. Comparison of Standard Deviations of Noise Probabilities for 
Single and IVio-Stage SCF Systems 
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Figure A~5. Comparison of Stable Distributions (Bi-level) 
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Figure A-6. Comparison of Standard Deviations of Noise Probabilities 
for Bi-Level Single Stage SCF and Tri-Level TV/o Stage 
SCF (One-Sigma) 
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Figure A-7. Comparison of Stable Distributions Bi-Level (Single 
Stage) vs. Tri-Level (Two-Stage) (One Sigma) 
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of these distributions are much more pronounced than those of the bi-level 
single-stage process. 

In conclusion, the tri-level two-stage SCF is a means of improving the 
control of the quantizer output. Nevertheless, a question arises as to the 
choice of confidence interval (Al, A2) used in the tri-level decision process. 
Recall that in the discussion of the tri-level process a one-sigma interval 
was designated. If a larger confidence interval had been chosen, even more 
dramatic improvement would have been attained in the steady-state condition. 
However, larger intervals would cause slower responses over the short-term. 
This issue is explored more in the following paragraphs. 

(E) Transient Response. Just as in the investigation of steady-state 
conditions, the theory of Markov Chains provides information regarding the 
short-term characteristics of the system. Specifically, probability distri¬ 
butions can be determined at each step of the process, i.e., every scan, It 
is through the examination of these distributions that the short-term response 
of the SCF approaches are evaluated. In particular, the following situation 
is studied. 

Assume that the SCF system has been operating long enough to reach steady- 
state. Further suppose the Command pn is a specific value, say 4.5 percent. 
By previous analysis, the stationary probability distributions are known. 
Now let a new Command pn, e.g., 10.5 percent, be selected. 

The evaluation of the step-by-step probability distributions as they 
approach the new steady-state distribution is a means of determining the tran¬ 
sient response. However, a sufficient characterization can be attained by 
simply tracing the means (expectations) of these distributions. The calcu¬ 
lation of the n-th step distributions is as follows: 

where C is a row vector whose elements give the probability of the system 
being in a certain state at epoch n, and ?2 is the transition probability 
matrix for the new Command pn. The vector Cq is defined as the stationary 
probability distribution in effect before the switching of Command pn. 

Naturally, from Cn the expected threshold levels, E(Tn) can be readily 

computed. Figure A-8 illustrates such expectations for 17 scans after the 
switch from a Command p^ of 4.5 percent to 10.5 percent. The SCF systems 

represented are the following: 

• Bi-level two-stage SCF. 

• Tri-level two-stage SCF (lo confidence interval). 

• Tri-level two-stage SCF (2o confidence interval). 
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It is evident that the tri-level (la) process has essentially the 
same transient response as the bi-level two-stage process. It should 
be noted that the initial separation of the two expected value curves 
is due to the difference in steady-state levels at the Command p of 
4.5 percent. The response of the tri-level (2a) process is s]ownrelative 
to the other two processes. Even after 17 scans the tri-level (2a) 
process has not reached its steady state-value which is 34.2. There¬ 
fore, it is concluded that for confidence intervals of two-sigma or 
greater the transient response is too slow. Further attempts to 
optimize the size of the confidence interval is not provided in this 
analysis. The significant point is that for confidence intervals 
on the order of one-sigma, no great lag is introduced into the 
system. 

(F) Conclusions. Three versions of controlling the quantizer threshold 
via the SCF concept have been described and analyzed. It has been shown 
that each version can be modeled as a Random Walk with reflecting barriers. 
As a consequence, it has been possible to analyze both the long-term steady- 
state and short-term transient response via the theory of Markov Chains. By 
investigating descriptive parameters of the steady-state conditions, the 
three versions of the SCF systems have been compared. 

The first argument has shown that the system with single- and two-stage 
decision processes for bi-level incrementation have nearly equivalent oper¬ 
ating characteristics. As a result, the two-stage process could serve as 
an acceptable replacement of the single-stage process. Next, the assertion 
has been proved that a tri-level two-stage SCF could improve the control 
system by reducing the variation in the noise level produced by the quantizer. 
However, the tri-level process introduces another system parameter, namely 
the size of the confidence interval for the azimuth density count. By 
investigating the transient response resulting from a change in Command p , 
it has been shown that for two-sigma and larger confidence intervals a n 
sluggishness in reaching lhe steady-state can be anticipated. On the other 
hand, the process with one-sigma confidence interval responds essentially 
the same as the bi-level process. Therefore, the tri-level two-stage SCF 
system with one-sigma confidence intervals is asserted as being the best 
choise of the SCF systems presented. 

Application of Markov Chains to the analysis of the SCF concepts has 
demonstrated the power of this discipline. Further performance character¬ 
istics can be obtained via this analytical approach. For example, the 
following are important issues which can be evaluated through Markov modeling: 

1. Sensitivity of this system to the number of threshold levels. 

2. Transient effect on the threshold levels due to targets in the zones. 

3. Effect of fixing the range density parameters Rl independent of Command n . 
r n 
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4. Anticipated SCF response under changing noise levels in the analog video. 

5. Sensitivity of this system to zone size. 

A-24 



APPENDIX B 
ANALYSIS OF TARGET DETECTION PERFORMANCE 

VIA THE PREDETECTOR/FINAL DETECTOR CONCEPT 

Target detection in radar video processing systems is most commonly 
accomplished through the use of a Sliding Window Detector ISWD). An 
illustration of how a sliding window is formed is given in figure B-l. 
An infinite binary sequence is generated by the quantization of analog 
video which is at a constant range and on successive sweeps. A sliding 
window is the finite binary sequence formed by considering n consecutive 
positions in the infinite sequence at a time. This window is successively 
shifted clockwise one position on each sweep. At each position, the window 
is summed, i.e., the ones are counted. If this sum exceeds a fixed thresh¬ 
old, t, a target detection is declared at range R (figure B-2). The 
threshold is chosen to achieve a fixed probability of a false alarm (Pfa> 
i.e., probability of declaring a target when none is present. 

A modification of the conventional SWD described above involves the use 
of a two-stsge detection method emplojing a predetector followed by a final 
detector (PD/'FD). Instead of a sliding window being shifted and summoned 
at each sweep position, it is required that a predetection criterion b( 
satisfied before the window is summed. Final detection is still based on 
a window sum exceeding a threshold, but the difference is that, a window 
is summed only if a predetection occurs. 

An example of a typical predetector is illustrated in figure 
This predetector is called the three-out-of-three (3/3). The criterion 

for predetection is simply that three video ones are present in three 
consecutive positions of the infinite binary sequence. If the criterion 
is satisfied, a window centered about the middle position of the three 
consecutive ones is summed. If this sum exceeds a fixed threshold, t, 

a target detection is declared at range R. 

A more complicated predetector is the sequential 4/8 shown in figure B-4. 
For this method three things are required: 

1. Two video ones in a row. 

2. At least one video one in any of the three positions to the 
immediate left of the two consecutive video ones. 

3. At least one video one in any of the three positions to the 
immediate right of the two consecutive video ones. 

The sequential 4/8 predeiector is applied at every other sweep position 
in the infinite sequence. If the criterion is satisfied, a window centered 
on the predetector is summed. This sum is then compared to a fixed thresh¬ 

old for final detection. 

B-l 



Figure B-l. Illustration of Formation of Sliding Window 

...1 0 0 0 1 0 1 0 1 0 10 10 1 1000... 
*1*2X3 X -X ,x n-2 n-1 n 

If L ¿ t, a target detection is declared. 
i-1 

Figure B-2. Sliding Window Detector 

1 1 0 . . . . 1 1 1 ....0 1 0 10 0.... 

X1X2 
X. ,x.x. . 
J-l J J+l 

X ,x n-1 n 

If X. ^ X. = X. ,=1 (where X. is the center position of the window) 
J*1 J J+l J 

and LX. > t, a target detection is declared. 
i=l 1 

Figure B-3. PD/FD with 3/3 Predetector 
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a la ryet detection is declared. 

Figure B-4. PD/FD With Sequential 4/0 Predetector 

0-3 



Predetector/finai detector schemes are of great importance when target 
detection is performed in a computer. They use substantially less computer 
processing time than the conventional SWD. The following analysis is 
provided to appraise whether there is a loss in target detection performance 
when utilizing a PD/FD concept. It must be emphasized that no attempt is 
nade to find a best PD/FD method. The analysis simply illustrates two 
particular PD/FD methods and compares their performance to that of the 
conventional SWD. 

(A) Approach 

(1) Monte Carlo Simulation. The analysis employs Monte Carlo 
techniques to simulate the quantized radar video representative of a target. 
In the present analysis, a mathematical model is used to describe a target 
return pattern. A future study to be conducted by Westinghouse will provide 
more information regarding actual target return patterns. 

(2) Model Assumptions. The targets simulated are assumed to be in a 
clutter free environment, and the probability of quantization , Pn, in any 
range cell due to noise alone is assumed to be constant. A standard one-way 
SinX/X antenna pattern is assumed. This leads to the observation that as 
the radar beam center crosses a target, the mean signal return voltage 
increases proportional to the function (SinX/X)2 until the beam is directed 
at the target. At this point the return reaches its maximum. The voltage 
then decreases proportional to (SinX/X)2. 

In this analysis target strength is measured in terms of decibles (db). 
The formula used for conversion of mean return voltage to db is the 
following: 

db = 20log(V2/V1) (B-l) 

where db = target strength in decibles 
V0 = mean target return voltage 

Vj = RMS noise level 

When the term "3db target" is used in this analysis it refers to a target 
whose mean signal return voltage, V2, at beam position zero satisfies the 
equation 

3db = 20 log(V2/V1). (B-2) 

The definition of "6db target" is analogous to the 3db target definition. 
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(■1) Target Simulation. For a target of a given strength it is 
possible to determine the probability of quantization, Pa, for each range 
cell in a neighborhood of the target. A graph of these probabilities is 
called the probability ensemble for the target. The probability ensemble 
illustrated in figure 0-5 is formed by using the voltage return at each 
beam position to compute the corresponding Pq. This probability can be 
computed using the following formula: 

where V 

V 

V 

vz) 

T 

1 

2 

= voltage threshold corresponding to the desired P 
n 

= RMS Noise Level 

= RMS voltage of signal return 
00 

= £ i 
n=0 (nI ) ? <?>2n 

Finally, random numbers between zero and one are generated for each 
beam position and compared to the value of the probability ensemble at the 
beam position in question. Ix' a random number is higher than the value 
ot the probability ensemble at a given beam position, a zero is set for 
this position, otherwise a one is set. The result is a binary sequence 
representing the quantized video in a neighborhood of the target. 

vil Analysis Parameters. The parameters used in the model are 
chosen to make it as realistic as possible. Terminal radars have a pulse 
repetition frequency (prf) of 1200, a scan rate of 15 revolutions per min¬ 
ute (rpm) and a 3db beamwidth of 1¾ degrees. From this information the 
ddb beamwidth, in terms of azimuth sweeps, is calculated to be 20. A P 
of O.l is used in the analysis. All windows considered in the analysis'1 
are of odd lengths. The choice cf odd length windows is convenient for 
centering predetectors and, if desired, the performance of even sized 
windows can be easily interpolated from the odd length data. 

A weak target is used to measure the relative performance of the detec¬ 
tion criteria. From figure 20 in the main body of the report it can be 
seen that the maximum probability of quantization of a 3db target is 0.54. 
This low value indicates that the 3db target is weak for the radar system 
is used in the analysis. For this reason a 3db target is chosen for per¬ 
formance comparisons. 

(B) Performance Comparisons 

(1) Predetectors evaluated. Simulated targets are generated in the 
manner described above using the parameters discussed-in the previous para¬ 
graph. The performance of the PD/FD approach utilizing the 3/3 and seq¬ 
uential 4/fl predetectors is compared to that of the conventional SWD. 
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Figure B-5. Probability Ensemble Curve 



(2) Probability of Detection vs. Probability of False Alarm. Per¬ 
formance comparisons of detection schemes take into account both probabil¬ 
ity of detection, Pd, and probability of false alarm, Pfa. Pd is simply 
the probability that a target will be declared when one is actually present. 
Pfa is the probability that a target will be declared when only noise is 
present. A target detection scheme can be said to perform better than 
another scheme at a given Pfa, if its Pd at that Pfg is higher than the 
P,l of the other scheme. 

For this analysis the Pj is empirically calculated by generating one 
thousand targets and counting the number of detections declared. The choice 
of one thousand targets gives a 93 percent confidence interval of approxi¬ 
mately +.03 for Pd. The accuracy of the data measuring the relative per¬ 
formance of the detection methods is further enhanced by the fact that each 
comparison was made using the same simulated target patterns. 

The calculation of Pfa for the three detection methods studied is given 
in the following paragraphs. Basic to the calculation is the observation 
that the quantization of distinct range cells due to noise alone is a stochas¬ 
tically independent event. 

For a sliding window of size w and a threshold t, the Pfa for the SWU is 
computed from the binomial distribution as follows: 

Pfa = P(S^t) 

In this formula, S is the window sum, a random variable which has the bino¬ 
mial distribution with parameters N = w and p = Pp = 0.1. 

The Pfa for the PD/FD scheme using a 3/3 predetector is computer as fol¬ 
lows : 

P- = (P )3 P(S - 3 * t - 3) = (.1)3 P(S - 3 2 t - 3) fa n 
3 

In this formula (Pn) is the probability that a predetection has taken 
place, i.e. three video ones in a row; S is the window sum; and t is a fixed 
threshold. The random variable (S - 3) has a binomial probability distrib¬ 
ution with parameters N - w - 3 and p = ?n = 0.1. 

The calculation of Pfa for the PD/FD scheme employing the sequential 4/8 
predetector is a bit more complicated. A final detection can occur follow¬ 
ing predetections wherein the number of ones out of the 8 positions consid¬ 
ered in the predetection stage of this scheme is 4, 5, 6, 7, or 8. The 
formula for the Pfa with a final detector window size w, threshold t, and 
P = 0.1 is given as follows: n a 

P. = Í P.*P(S - i 2 t - i) 
fa i=4 i 
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In the formula,equals the probability of predetection with i ones in the 
eight positions considered,and S equals the window sum, where i = 4, 5, 
6, 7, and 8. The random variable (S - i) has a binomial distribution with 
parameters N = w - i and p - P = 0.1. 

n 

(3) Comparisons Made. The analysis is performed in such a way that 
he Pd is empirically determined for the conventional SWD and the two PD/FD 

„ehernes at Pfa's running from 10-6 to 10“3. The Pfa is controlled by vary¬ 
ing the detection threshold, t. 

In general the performance comparision can be viewed as consisting of 
two stages. The first stage involves the determination of the window sizes 
which perform best for a given detection scheme. The second stage involves 
comparing the performance of all three detection schemes, each one operat¬ 
ing with its maximum performance window sizes. 

(D) Results. 

(1) Optimum Performance Window Sizes. Figure B-6 is a graph of Pfa 
versus Pd for the SWD operating on simulated 3db targets with window sizes 
9 through 17. The data points are connected by interpolation lines for 
ease in interpretation. The points for window sizes 15 and 17 are inter¬ 
connected because their performance is nearly identical. Window sizes 15 
and 17 perform better than window sizes 9 through 13 over the entire range 
of Pfy's considered in the analysis. The low Pd's reinforce the assertion 
made earlier that 3db is a weak target for the radar system. 

Figure B-7 is a similar graph for window sizes 15 through 25. Window 
sizes 15 and 17 perform better than window sizes 19 through 25. Note that 
optimum performance for the SWD is attained when using window size 15 or 
17. 

Figure B-8 illustrates the performance of the 3/3 predetector followed 
by a final detector windows of size 9 through 21. Final detector window 
sizes 19 and 21 perform better than window sizes 9 through 17. Figure 
B-9 indicates that final detector window sizes 19 and 21 perform better 
than window sizes 23 and 25. Hence optimum performance with the 3/3 
Predetector is obtained using a final detector window size of 19 or 21. 

Figure B-10 and B-ll indicate that optimum performance when using the 
sequential 4/8 predetector is attained with window sizes 19 or 21. 

(2) Comparison of All Methods Evaluated. Figure B-12 is a compar¬ 
ison of the performance of the SWD with PD/FD schemes using the 3/3 pre¬ 
detector and the sequential 4/8 predetector. The window sizes used are 
the best performing window sizes for each detection scheme. The difference 
in performance is negligible in the 10-6 to 10-3 P area. The performance 
of the PD/FD schemes drops off slightly in the 10“4 to 10“3 Pfa area. 
Figure B-13 is a comparison of the performance of the three schemes on 
6db targets. Note that the scale is expanded in order to facilitate 
the plotting of the data points. The difference in performance 
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APPENDIX C 
STATISTICAL FORMULATION OF THE 

AUTOMATIC CLUTTER ELIMINATOR TECHNIQUE 

The method of target lead edge declaration employed in the Terminal 
Modified Radar Video Data Processor (TMRVDP) system makes use of a technique 
called the Automatic Clutter Eliminator (ACE). One of the basic problems in 
any radar system is to detect targets in a clutter environment. Target 
declaration in the TMRVDP is based upon the event that the number or ones in a 
window exceeds a variable threshold. The performance of this detection 
system is a function of how well the threshold is chosen. If the threshold 
is set too high, a weak target might not be detected. If the threshold is 
set too low, too many false detections result from noise and clutter. The 
ACE technique makes the assumption that in an (m x n) region of range cells, 
the probability of quantization in any of these cells due to noise and 
clutter alone is nearly constant. Figure C-] illustrates such a region. By 
statistically sampling the region it is possible to set a target detection 
threshold for the center window of size m such that the probability of false 
alarm is a fixed value. 

(A) Basic Assumptions. Before setting down the statistical formulation 
of the ACE technique, certain assumptions must be made concerning (m x n) range 
neighborhood in question (figure C-2). First it must be assumed that the 
quantization of each of the range cells in the neighborhood is accomplished 
with statistical independence. It must also be assumed that the probability 
of quantization in any of the range cells in the neighborhood other than the 
cells in the center window, w^, is equal to some value P.. Furthermore, the 
probability of quantization in each of the range tells within w() is assumed 
to be equal to some parameter p0. 

IB) ACE as a Hypothesis Test. The ACE technique can be formulated as a 
conditional statistical hypothesis test (Reference 5). First consider the 
(m x n) range cell neighborhood, less the range cells in wq, as m(n-l) random 
samples from a Bernoulli distribution with parameter p = p^. Then consider 
the range cells within w^ as a sample of size m from a Bernoulli distri¬ 
bution with p = P2* The null hypothesis, Hq, is simply that Pj equals p2. 

This is equivalent to saying that the quantized range cells in the center 
window, w(), have the same distribution as the quantized range cells in the 

rest of the m x n neighborhood. If H^ is accepted, a target is not declared 
in w(). 

The alternative hypothesis, Hj, is that p0 > Pj. The rejection of H^ in 

favor of Hj is equivalent to saying that the probability of quantization of 

the range cells within w() is higher than it is in the range cells in the rest 

of the neighborhood. This phenomenon is assumed to be due to the presence of 
a target, and a target declaration is then made. 
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Figure C-l. Illustration of a m x n Range Cell Region 

Figure C-2. Generalized m x n Range Cell Region 

2e+l 

C-2 



Let the random variable J equal the number of ones in w^, the random 

variable K equal the number of ones in the rest of the m x n neighborhood, 
and the random variable S equal the number of ones in the entire m x n 
neighborhood. A hypothesis test of HQ against H will be constructed on the 
basis of the observed values of J and S. The probability of a type I error, 
a, in this test (i.e., the probability of rejecting H0 when H0 is true) is 

actually the probability of declaring a target when only noise and clutter 
are present. Putting this another way a = probability of false alarm (V- 

The critical region defining the test will be set up as follows: will be 

rejected in favor of if J * t where t is a threshold dependent upon S, and 

chosen to attain a fixed P^. 

The test can be set up to run under any value of Pfa (= a) by the appro¬ 

priate choice of t. Let s be the observed value of S. Then 

Pfa = a = P (reject H0; H0 true) 

= P(J * t; S = s, pj = p2) 

= P(J = t, K = s - t; S = s, Pj = P2) 

+ P(J = t + l,K=s-t-l;S=s, p1 = p2) 

+ ... + P (J = min (m,s), K = max (s - m, 0); S = s, p^ = p2) 

P(J = t, K=s - t, S=s, pj = p2) 

P(S = s, pj = p2) 

P(J = t + 1, K = s - t - 1, S -s, Pj = P2) 
+ " 

P(S = s, Pj = p2) 

+ ... + P(J = min (mfs), K = max (s - m, 0), S = s, Pj = p2) 

P(S = s, pj = p0) 

(C-l) 

Letting pj = p2 = Pq and observing that under the null hypothesis the 

random variable J is binomial with N = m, p - Pqî K is binomial with N = m 

(n - 1), p = Pq; and S is binomial with N = m x n, p = p0, we get that 
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1 

Pfa = û 

/ m\ t m-t /m(n-l)\ s-t m(n 

- ^s/po (1-p0) \ / P0 

-l)-s+t 

/ mn\ s 
V s/P0 n-p0) 

mn-s 

/ m N t+1 m-t-1 /!n(n-l)\ s-t-1 
\t + l/p0 (l-p0) \ s-t-l/pn (1 PO ■P0) 

m(n-l)-s+t+l 

/ mn \ s 
^ s/pn ( 1-1 

mn-s 

Po (1-Po) 

/ m \ min(mfs) m-min(m,sy' m(n-l) 
\rtiin (m,s)/|)., 

Y m(n-l) \ max (s-m,0) m(n-l)-max(s-m,0) 
H-Pq) \max(s-m, O) (1-P0) 

( mn\ s mn-s 

s /Po i1“Po) 

/ m j/m( n-t)\ / m \/m(n-l)\ f m m(n-l) \ 
\t/\ s-t / u + l/\s-t-l / (min (m,s)/^max (s-m,0)/ 

(T) (T) (T) 
( C-2) 

Note that Pfg ~a is dependent only on the dimensions of the range cell 

neighborhood ( m x n ), the observed value of S, and the threshold t. More- 
over, P,a - a is computed from a hypergeometric distribution. Thus for a 

given m and n, and an observed s, a threshold t can be determined which will 
test H() against Hj with a given Pfa. 

As an example of how this test can be applied, consider the range cell 
neighborhood with m = 17 and n = 5 (figure C-3). The conditional hypothesis 
test will be applied to window wQ of size 17 given that s = 10 with a desired 
Pfa s • Thus the threshold, t, must be chosen so that P^ = a s 10 . 

From equation (C-2), t must be chosen so that 

(,17) a,J..,,(X ,0-4 

iTo) (¾ (T) 

C-4 



(C-3) 

In the above formula if t = 7, Pfjj = 3.77 x 10'4 > 10-4 and if 1 ~ 0t 

fa 
-4 -4 

= .567 x 10 < 10 . Thus given s = 10 and using 17 x 5 range cell 

neighborhood, a threshold of 8 would be used as a detection criterion to in¬ 
sure that P. s 10_4# fa 
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n = 5 

m = 17 

Figure C-3. A 17x5 Range Cell Region 

(C) Conclusion. It has been demonstrated how the ACE technique can be 
formulated in terms of a conditional statistical hypothesis test with the 
probability of type I error equal to the probability of false alarm. 
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