










no fundamental requirement for direct-coupled in
formation processing with its attendant bias prob
lems. Since the line stretcher allows the angle infor
mation processor to be operated as a closed-loop 
system, wider tolerances can be allowed in the 
specifications for the angle-processor operation than 
would otherwise be possible. 

A utomatic Gain Control and Gating Subsystem
Because target tracking information is contained in 
the phase relationships of the incoming signals as op
posed to the amplitude, there is no requirement for 
fast, tight gain control. However, an automatic gain 
control circuit is required to prevent limiting in the 
receiver. Two electronically variable attenuators pro
vide automatic gain control at microwave frequen
cies. Front- and rear-sector signal amplitude infor
mation at video frequencies is provided to the 
automatic gain control circuit. The gating portion of 
this subsystem makes a pulse-by-pulse decision as to 
whether the pulse should be gated into the system by 
generating an inhibit pulse if the radar signal out of 
the rearward-looking antenna exceeds that out of the 
forward-looking antenna. 

Angle Information Processor Subsystem-This 
portion of the system takes the in-phase and quadra
ture video (which represents periodic sampling of the 
sine and cosine of the sinusoidal radar frequency 
phase difference) and provides an output that is a 
sinusoidal voltage proportional to a filtered version 
of the sinusoidal phase. 

The radar guidance system has undergone exten
sive testing at the subsystem and system levels. A mis
sile digital simulation was designed and implemented 
at both General Dynamics and APL to support the 
testing phase. The microwave electronics tests and 
supporting analysis have indicated that the design is 
acceptable in terms of overall system performance 
across the specified radar frequency range (I and J 
bands). The experimental performance of the auto
matic gain control and gating subsystems agreed with 
that expected on the basis of analysis and also veri
fied the analytical models of the various subsystems 
used in the system analysis. 

Development of Radar and Electronic Warfare 
Support Measures Correlation Algorithm 

The need for unambiguous and timely data from 
radars and passive sensors to support the RAM 
Weapon System has led to the development of 
sophisticated signal processing algorithms by APL 
and Hughes Aircraft. An automatic detection and 
tracking capability produces much more reliable and 
timely target data than human operators in complex 
antiair warfare situations. With these data, the radar 
and electronic warfare support measures (ESM) cor
relation algorithms can rapidly sort out radiating ver
sus nonradiating threats. Without these develop
ments, the RAM System's effectiveness would be sig
nificantly reduced in multiple target engagements be-
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cause human operators would become saturated with 
data and the need for decisions. 

The correlation algorithm uses track file data (i.e., 
digital target information stored in computer 
memory) from both the radar and electronic warfare 
support measures systems to find and correlate radar 
and passive system track pairs that are likely to cor
respond to the same threat. The algorithm output is a 
list of correlated radar and passive system track 
pairs, radar tracks not correlated with a passive 
system track (radar-only tracks), and passive system 
tracks not correlated with a radar track (electronic 
warfare support measures (ESM) equipment-only 
tracks). Radar-only tracks result when a target is not 
radiating or when the target's radiation is not detect
able. ESM equipment-only tracks typically result 
when the threat is beyond the maximum radar detec
tion range. The following paragraphs describe the 
general method used to make the correlation deci
sion. 

The radar track file parameters are compared with 
the ESM equipment track file parameters to find the 
radar and other track pairs that should be correlated. 
Some examples of the track file parameters used to 
make the correlation decisions are shown below. 

Radar 

Target position 

Target rate 

Update time 
Target category 

Target 
identification 

Track type 

Obtained by measuring 
target bearing and target 
range. On some radars, tar
get elevation can also be 
measured. 
Determined by differentiat
ing sequential samples of 
target position data. 
Time of last target report. 
Targets are categorized as 
air or surface, based on tar
get rate and detection range. 

Targets are identified as 
friend, foe, or unknown, 
based on (identification, 
friend or foe) equipment 
reports. 
Indicates whether the target 
track is firm or tentative, 
based on the consistency of 
the target reports. 

Electronic Warfare Support Measures System 

Track bearing 

Update time 
Target category 

Determined by the direc
tion-finding capability of 
the receiver. 
Time of last target report. 
Targets are categorized as 
air or surface, based on the 
signal received. 
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Target 
identification Targets are categorized as 

friend, foe, or unknown, 
based on the signal received. 

Emitter frequency 
data Emitter frequency informa

tion is obtained and stored. 

These parameters are used in a two-step decision 
process. In the first step, radar and other system 
track pairs are subjected to a series of gate tests. 
These tests eliminate grossly mismatched pairs from 
further correlation processing by comparing parame
ters, such as bearing separation, to a threshold. 
Those track pairs that pass all the gate tests are then 
evaluated in the second step of the decision process. 

The second step of the process combines several 
selected correlation likelihood estimates into a single 
number that is a measure of the overall likelihood of 
correlation for each track pair. This value is used to 
help select the best track pairings in high density 
situations. A two-hypothesis test of the log likelihood 
ratio is used to obtain these correlation likelihood 
estimates. The general form of the correlation 
likelihood estimate is the logarithm of a probability 
ratio: 

where: 

LL (DR,DE) = log likelihood ratio of the 
parameters DR and DE' 
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DR = observed parameter for the radar 
track, 

DE = observed parameter for the ESM 

system track, 
P(x/y) = conditional probability of ob

serving x given that hypothesis y 
is true, 

H o = hypothesis that the radar and 
other system tracks correspond to 
the same target, and 

H i = hypothesis that the radar and 
other system tracks correspond to 
different targets. 

The specific form of the correlation estimate will 
depend on the parameter used in the estimate. Ob
served parameter values are used either to compute a 
correlation likelihood or to index a correlation likeli
hood reference table containing values that were esti
mated a priori. 

For example, the radar and the ESM receiver report 
target identification as either friend, hostile, or un
known. Conditional probabilities for each possible 
identification combination, i.e., RADAR-FRIEND, 
ESM-FRIEND/RADAR-HOSTILE, ESM-FRIEND, 
etc., are estimated a priori for the hypothesis that the 
target reports originate from the same target. Simi
larly, conditional probabilities are computed for all 
combinations for the hypothesis that the target 
reports originate from different targets. The 
logarithm of the ratio of the conditional probability 
under the first hypothesis to the conditional pro
bability under the second hypothesis is computed for 
each identification combination to obtain the corre
lation likelihood for that combination. All these 
values are entered in the table and used for the track 
pair correlation estimate according to the identifica
tion categories produced by the radar and the ESM 
receiver. In a similar manner, other parameters are 
used to estimate other likelihood values. A number 
of likelihood functions are summed to obtain the 
overall likelihood of correlation. 

Much effort has been involved in selecting an over
all strategy, developing algorithms, determining the 
statistical models of the parameters and weighting 
functions, and programming the algorithm in an effi
cient manner. Limited flight testing involving radiat
ing targets has been successfully conducted and this 
has led to refinements to the algorithms. Additional 
testing will be conducted during the remainder of 
full-scale engineering development. 
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