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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report specifies the software design of an Acquisition Logic

Function (ALP) for a monostatic radar , terminal defense , ballistic

missile defense (BMD) system. A separate report evaluates the algorithms

specified in this reportJ~
1 This work was performed by Systems Control,

Inc. (Sd ) for the Massachusetts Institute of Technology Lincoln Laboratory

(MIT—LL ) as part of Purchase Order BB—307 under Prime Contract

F19628—76—C—0002 during the period April 1975 through June 1976. The

technical monitor for the work was Dr. G. Q. McDowell .

1.2 PURPOSE

MIT Lincoln Laboratory, in support of the Ballistic Missile Defens e

Advanced Technology Center (BNDATC) , is engaged in evaluating bulk filter

algorithms and acquisition logic for the terminal defense environment.

The ultimate goal of the effort is to design, implement, and validate (in

simulation) a complete Acquisition or Designation Function that would be

capable of undergoing field tests with a phased array radar . The primary

verification tool of the Acquisition Function will be a high—fidelity

simulation of the radar environment as observed by a BMD system. Th is

simulation (called the D&D Testbed) will exis t on the BIID ARC aou~ uter

facility .

The purpose of this report is to specify the software of the ALP

simulation to be used on the ARC computer facility (CDC 7600) in con-

junction with the D&D Teetbed.

1.3 SPECIFICATION METHOD

This section describes the approach usad in ;r~paring thc software

specification. Although the ALP is intended for implementation on the

CDC 7600 , this report provides a computer—independen t specification of

the ALT software design.

3.—].
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a
The general form of this report is similar to the Milestone format

used by the USAF Space and Missile Systems Organization . This format
has proven itself to be very useful for the design specification of large
software systems, since it clearly defines program structur e , data
structure, and data flow.

Flowchart Conventions

Figure 1.1 shows the flovchartin g conventions used throughout this
report for overview and detailed flowcharts. Overview flowcharts show

the logic flow and data flow associated with the ALF and its subsystems .
The detailed flowcharts show the logic flow for each of the subroutines

defined in this report.

D&D Testbed/ALF Integration

The ALF software is designed to receive radar returns from the D&D
Testbed . The origin of these returns is denoted throughout this report as

the Matched Filter Processing Function. The Testbed and the ALP will be
executed alternately, simulating the generation and processing of radar

returns. Figure 1.2 shows an overview flowchart of this process. The

ALF software design permits either open loop or closed loop operation with

the Teetbed, as desired. In the closed loop mode additional bursts are

requested via the Waveform Request file as shown in Figure 1.2. Through-

out the report this data is described as being sent to the Radar Scheduler

Function, as would be the case in field implementation. In the open

loop mode, returns are generated in a prearranged sequence, or recorded

real returns are used.

The Testbed and the ALF programs and associated data require more
core than is available in the small core memory of the CDC 7600. There-

fore , some method must be provided to allow alternate execution and commu-

nicaUon b.tween the two programs. Two ~~~r~’aches have been ~uggested:
t21
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• Standard overlay processing (using LGM or disc)

• Control—point to control—point processing (each

program appearing as a separate job to the operating
s ys tern )

Development of an integration approach requires a tradeoff study involv-

ing run time versus data storage requirements. The computer—independent

software specification presented in this report does not assume a
speci.~ic integration approach .

An additional program called a Bulk Filter Exerciser~
2 3 will be required

for integration. This program will refo rma t data exchanged between the
Testbed and ALP. If the overlay approach is used , an overlay executive
program will also be required. Neither the Bulk Filter Exerciser nor

the overlay executive are specified in this report. Their design is con—

sidered to be part of the development and integration phase.

Data Structure

Sections 2 through 9 of this report describe the ALF executive program

and the subsystems which implement the component algorithms. Each section

contains a subsection titled Data Specification which describes the arrays

and variables that comprise the input and output data of the program

or subsystem . The input/output data of each subsystem are listed in

groups with a co on sourte or destination to facilitate defining COMMON

blocks for FORTRAN impl~mentation. Data names use FORTRAN implicit typing :

integer variables begin with letters I through N; other variables are

real. For each item or array , the Data Specification subsections provide
an engineering symbol, which is used in the text and equations, and

a program symbol , which is used when discussing data flow, array sizes,

etc.

A “Parameterst’ data file is associated with each algorithm , e.g.,

the MARKING ALGORITI~1 PARAMETERS file. In each case, such a file contains

parameters used only in that algorithm .

1 1-5 



Memory Management

The ALF data base (inputs, outputs , and working files) is descr ibed

in this report as a set of arrays and variables . Because of the

large size of che ALP data base , the use of mass memory will doubtless

be required for some of the data . When implementing the ALF on the

CDC 7600 , data can reside in small core memory (ScM) , large core memory

(LcM), or on disc. When operating with the D&D Testbed, data can be

saved from one ALF execution to the next by storing it in LCM or on disc.

The location of each arra y in this memory heirarchy is not specified in

this report and is considered to be one of the tasks in the development phase.

Initial estimates for large array sizes are provided in Section 10.0,

Memory Requirements.

Data Flow

Data flow is described at three levels:

• Between ALF and other functions

• Between ALF subsystems

• Between subroutines of a subsystem

The description of data flow is found in the Data Specification

section for each subsystem and in the overview flowcharts and associated

text.

Structured Programs

The ALP consists of a set of seven algorithms which are controlled

by the executive program. Each algorithm is implemented by a set of

subroutines with each subroutine performing a single functional task.

The individual subroutines are described in sufficient detail to identify

their basic structure and purpose. Top—down programming techniques dre

used so that logic flow proceeds in a unidirectional manner through each

subroutine.

I
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Coding Details

I
No attempt is made to define each line of code required by each

subroutine. Flowcharts and text describe the basic process performed

in each subroutine. When computations are to be made, the flowcharts

refer to equation numbers in the adjoining text.

1.4 EXTERNAL F~INCTIONS

This section describes the other software packages (called external
functions) with which the ALF is designed to operate.

The ALF simulation is designed to interact with four external
functions.

The Matched Filter Processing Function provides radar video and
monopulse data in a given beam for specific burst transmission and

threat conditions. In the simulation, this futLction would be implemented

by the D&D Testbed . The ALP and the D&D Testbed would interact in either

an open loop mode (predetermined transmission sequence) or a closed loop

mode CALF controls the transmission sequence).

The Radar Scheduler Function controls the time scheduling for the

bursts in each beam. This function contains an a priori search pattern

for a set of beams. In addition to scheduling the search transmissions,

the Radar Scheduler Function controls the transmIssion of bursts requested

by ALF. In the simulation, this function would presumably be contained

in the D&D Testbed.

The Resource Allocation Function allocates BMD system resources (e.g.,
burst transmissions) among the BMD subsystems (e.g., ALP and Track Func-
tion). Future versions of ALF will include a Parameter Selection Algori-

thm for selecting among a set of designation sequences (see Section 4.0).

This algorithm will interface with the Resource Allocation Function.

1—8
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I
The Track Function controls radar tracking or the designated objects

I and periodically provides updated state estimates for those objects. This

data is used by the Known Object Recognition Algorithm for removing re-

dundant designations. U this func tion is not implemented in the simula-
tion, the Known Object Recognition Algorithm will still remove redundant
objects by comparing designation files for each beam .

1.5 OVERVIEW DISCUSSION

This section provides a Summary description of the ALF component

algor ithms .

The framework used in designing the ALF is shown in Figure 1.3.
*The ALF is divided into seven component algorithms (shown in heavy

outlines). This division is some ihat arbitrary; however, it aids in

defining the requireme n ts of the ALP and the interfaces with the external
functions: radar scheduler , resource allocator , and track function . The
arrows in Figure 1.3 represent the flow of information between algorithms.

The ALF executive program determines the sequence of processing

steps in the ALF and passes data, as required, to the various algorithms.

The Waveform Request Algorithm provides (1) the waveform parameters

for each burst transmission and (2) the range, range—rate acceptance window

for processing each beam. For the ALP design specified in this report ,

all of these parameters are calculated a priori and, hence, the Waveform

Request Algorithm simply accesses a file con taining the information.

The ALF Marking Algorithm processes radar returns supplied by the

Matched Filter Processing Function. This algorithm locates peaks in

range and range—rate that exceed the detection threshold.

The ALP specified in this doc uw~nt includes the bulk fil ter—track
initiation algorithm (i.e., the marking algorithm , the coincidence
detection algorithm, and the designation sequence combining algorithm).

1—9
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I
The Coincidence Detection Alg~rithm processes the list of marks from

two burst waveforms to r emove range ambiguities intr oduced by the waveform . I
The SCI coincidence detection algorithm is specified in this report.

I
The Coherent Double Gatin g, Algorith n performs additional ambiguity

removal and clutter rejection; it also provides initial state estimates I
in range and range—rate for the Track Function . The CDG Algorithm does not

process angle measurements.

The Parameter Selection Logic executes the real—time selection of

ALP parameters based on the measured environment. The current algorithm

specifies a predetermined N—M:N designation sequence.

The Object Beam Position Logic computes the angular position of

objects within the beam during the designation sequence.

The Known Object Recognition (K0R)_Alg~rithm tests new designations

against targets in track to prevent the initiation of redundant tracks on

the same target. The KOR algorithm accomplishes both the “adj acent beam

correlation” and the “designation—to—track correlation” operations .

•1

I —
I
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I
1.6 MULTI—BEAM CAPABILITY

This section describes the ability of the ALF to process data from

a number of beams . I
The ALF is designed to control the designation process concurrently I

in a number of beams . The transmissions in the beams are interleaved in

time in a manner determined by the scan pattern of the Radar Scheduler

Function.

The multi—beam capabili ty is provided by retaining information on

the objects in each active beam from transmission to transmission . An

active beam is defined as a beam which has entered the designation

sequence.

The Known Object Recognition Algorithm is a significant feature of the

multi—beam capability. This algorithm removes redundant designations in

adjacent beams, i.e., designations on the same object in two or more

beams.

Refe rences

(1] Acquisition Logic Function Analysis and Design, Report No. 5140—1,
PA 76—319, Systems Control, Inc., June, 1976.

[2] Shortle, G. B., et al., D&D Testbed Software Capability
Description (U), CR—l—626, DASG6O—74—C—0009, General Research
Corporation , March, 1975.
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2.0 ALP ~CECUTIVE PROGRAMI

2.1 PURPOSE

The ALP executive program controls the execution of the ALF sof t—
ware. The executive calls each of the subroutines which implement ALF
subsystems .

2 .2  GENERAL DESCRIPTION

This section descr ibes the sequence in which the ALP algorithms

are executed and the data flow between algorithms.

The structure of the ALP and the basic purpose of each of its sub—

systems is described in Section 1.

In each pass through the ALP software , radar data is processed for

one burst from one beam . Various data files are retained concerning the

status of that beam; this data is used and updated when the next burst

from tha t beam is processed .

The ALP is called by an executive program whenever radar data is

available fo r a burst from a beam. The Matched Filter Processing Function
provides the radar video and monopulse data for the beam . The beam number

and other data which identify the source and nature of the radar returns

are also provided . If this data exists on disc , the ALF executive reads
this data and stores it in core memory (probably LcM).

The ALP design assumes that the Radar Scheduler Function will initially

cause the Matched Filter Processing Function to provide radar and monopulse

data on a predetermined schedule for each beam. This process simulates the

transmission of search bursts . The purpose of a search burst is to determine
whether there are any objects in a beam and , if so. to prcv~de an initial
set of marks for chat beam.

I

Figure 2.1 is an overview flowchart for the ALP software.

2-1
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If the first burst of a pair is being processed , Figure 2.1 shows the

Marking Algorithm (MRKALG) is called to process the BURST 1 VIDEO file and
to pick peaks in range and range—rate. The location of these marks is stored

in the BURST 1 MARKS file. If there are any marks and if the burs t  was a

search burst, then a second burst is requested by the Waveform Request

Algorithm 2—3 tnsec after the search burst. If there are no marks on a search

burst, no additional burst is requested , and the next transmission in that

beam will be determined by the a priori schedule of the Radar Scheduler Function .

If the ALP is processing the second burst of a pair , processing
follows the logic pa th shown on the right hand side of the first page of
Figure 2.1. Marking is performed on the BURST 2 VIDEO file and the

marks are stored in the BURST 2 MARKS file. The Coincidence Detection

Algorithm then examines marks and video from both bursts to produce a list

of COINCIDENCE DETECTION MARKS.

If the burst pair number equals or exceeds a parameter M (defined

below) the Object Beam Position Algorithm (ANGALG) is called to compute

angular positions of all objects whose marks passed coincidence detec-

tion. This data is stored with each mark in the COINCIDENCE DETECTION

MARKS file.

If the burst pair being processed is the first pair of a designation

sequence , a test is made to determine if any tnark~ passed coincidence
detection. If no marks passed, processing is terminated and the beam

reverts to the search mode . If there are coinc idence detection marks ,

the Parameter Selection Algorithm is called to determine an N—M:N desig—
*

nation sequence for the beam. The Coherent Double Gacing Algorithm

(CDCALG) is called and initialized (for the set of coincidence detection

marks) to form the CDG TRACK FILE. The Waveform Request Algorithm is then
called to request the next burst pair 50 uxsec later . Once the designa-

tion sequence of N burst pairs has begun, bur3t pairs are requested rather

than single bursts .

*In the CDG algorithm a strategy which requires N—M detections in a total
of N burst pair transmissions is denoted by N— M :N.

I
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I
Video data from successive transmissions are processed as described

above up to the point marked 2A on Figure 2.1. At this point, the

Coherent Double Gating Algorithm is called to update the object tracks

f rom the previous transmission (Page 2 of Fig. 2.1). Those objects

whose tracks pass the gating test are retained (in updated form) in the

CDG TRACK FILE . Then if there are tracks remaining in the beam and the

designation sequence is not completed, another burst pair is requested

by the Waveform Request Algorithm . If there are no tracks remaining,
the beam reverts to the search mode. If there are tracks remaining at
the end of the designation sequence (after burst N), the Known Object

Recognition Algorithm (KORALG) is called to r emove redundant designations

within the beam . The designations corresponding to the adjacent beams in
DESIGNATIONS file are examined to r emove any designations from the current beam
which are redundant between beams . The KOR Algorithm also removes designations
from the current beam which are indistinguishable from objects already in

track. Those objects vith.in the beam which pass the KOR test are passed

to the Track Function in the DESIGNATION S File.

Figure 2.2 shows the sequence of events for processing a single beam .

Each horizontal sequence describes the generation and processing of returns

for one burst in that beam. The sequences in Figure 2.2 are shown in the

time order of occurrence (from the top down) . These sequences depic t each

major logic path through the overview flowchart in Figure 2.1.

In Figure 2.2 a reference to burs t (k , Z) means the 2 th bu rst (f i rs t

or second) of burst pair k , where

1 < k < N.

Burst (1,1) is the search burst and is requested by the Radar Scheduler

Function . The presence of marks on a search burst initiates the acquisi-

tion sequence , i.e. ,  burst (1,2) is requested , as shown in the second

3.quence in Figure 2 .2.
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Burst transmissions for various beams are interleaved in time.

I Therefore the single beam processing shown in Figure 2.2 is interleaved

with the processing of other beams , since bursts are processed in the

I order in which they are received .

The BEAN STATUS file contains information which describes the

current status of each beam which is either undergoing or has completed

designation processing . The file entry for a beam is updated by the

ALF executve program each time a burst is processed for that beam .

2-7
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2. 3 DATA SPECIFICATION

I
This section discusses the data interchanged between the ALF

executive and the external functions. A bookkeeping File (BEAN STATUS)

is also discussed .

2.3.1 Input Data

The following data is input from the Matched Filter Processing

Function:

Program Engineering
Symbol Symbol Description

— Index fo r beam U coordina te

IV - Index for beam V coordinate

NBPAIR — Burst pair number for current burst

NBURST — Location of the current burst within
a burst  pair (NBURST = 1,2)

RS R
5 

Range corresponding to start of
video data processing (m)

RE 
~E 

Range corresponding to end of video
data processing Cm)

DELR - A Range sample spacing (m)

DS D5 Range—rate corresponding to lowest
Doppler channel for which video data
is processed (mis)

DE DE Range—rate corresponding to highes t
Doppler channel fo r which video data
is processed (mi s)

DELD Range—rate sample spacing (Doppler
channel spacing) (mis)

VIDEO (K ,I) r(k;i) Amplitude of video at range Rg + (k-l)A
and range—rate D5 + (i—1)~~. ~4ote that
k—i at R~ and i 1 at D

5
.

UB STL(K ,I) Au (k ,i) Monopulse measurement of the U coordinate;
indexed like r(k,i)

VBST1(K ,I) Av (k ,i) Monopulse measurement of the V coordinate;
indexed like r(k,i)

2—8
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I
The following data is input fro m the TRACK FUNCTION via the

OBJECT TRACK file:

Program Engineering
Symbol Symbol Description

NTRX - Number of objects in the array TRACKS

TRACKS(NTRK ,I) — List of the most recent data on the
objects in track

i — 1 Range estimate (in)

i — 2 Range—rate estimate (m/sec)

i — 3 Variance of range estimate (m 2)

i — 4 Covariance of range and 2range—rate estimates Cm /sec)

i a 5 Variance of the range—rate
estimate (m2/sec 2)

i 6 Angular coordinate U

i 7 Angular coordinate V

i — 8 Time of estimation (msec)

The following data is input via the BEAM STA TUS File:

ICUR — Index to array entries for current beam

IDES(ICUR) — Flag indicating designation status
of beam

IDES(ICUR) — 1 Designation complete

IDES(ICUR) 0 Designation incomplete

TBURST(ICUR) — Time of last burst transmission in
the beam (msec)

IU(ICUR) — Index for beam U coordinate

tV(ICUR) — Index for beam V coordinate

NBPA IR( IC UR ) — Number of burst pair being processed
in the beam

NBURST(IC UR) — Number of burst being processed
in the beam

NE EAM — Number of beams currently listed
in the BEAN STATUS f iL e

2— 9
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2 . 3 . 2  Output Data

The following data is output to the Radar Scheduler Function :

Program Engineering
symbol Symbol Description

NBRE Q Number of bursts requested (1 or 2)

TNEXT — Transmission time for next requested
burs t in the beam ( typically 50 insec
after current burst pair)

TSEP — Time separation between bursts in
the requested burst pair

TIPS1 - Interpulse spacing in the next
requested burst (.jsec)

TIPS2 — Interpulse spacing in the second burs t
of requested burst pair (i.isec)

11.1 — Index for beam U coordinate

IV — Index for beam V coordinate

The following data is output to the Track Function via the

DESIGNATIONS file:

NDES — Number of objects in the array DESIG

DESIG(NDES ,I) — List of objects designated in the
b eams already processed in the
current scan of the group of beams .

I — 1 Range estimate (in)

i — 2 Range—rate estimate (in 2)

i — 3 Variance of range estimate (m
2)

i — 4 Covariance of range and
2range—rate estimates (in /sec)

i — 5 Variance of range—rate
estimate (m 2/ sec 2)

i — 6 Angular coordinate U

i — 7 Angular coordina te V J
i — 8 U index for beam of designation

i — 9 V index for beam of designation

The updated B EAN STA TU S file is output by the ALF executive .
2—10 
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I
2.4  MATHD(ATICAL RELATIONSHIPS

I
The mathematical relationships embodied in the ALF algorithms are

I described in the sections which specify the individual algorithms. The

executive program provides the logic for sequential execution of the

I algorithms .

I
I
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I
3.0 WAVEFORM REQUEST ALGORITHM

3.1 PURPOSE

The Waveform Request Algorithm requests the Radar Scheduler
Function to transmit specific waveforms required for bulk filtering.

It also provides parameters required by other algorithms for process-

ing the radar return signal.

The WAVEFORM REQUEST file is generated only when the D&D Testbed/

ALP is opera ting in the closed loop mode , i.e., only when the ALP determines

what burst will be transmitted next .

3.2 GENERAL DESCRIPTION

Figur e 3.1 is the overview flowchart for the Waveform Request Algorithm

(WAVALG). The BEAM STATUS file indicates which beam has just been processed ,

the transmission time of die received burs t , and the burs t pa ir and burst

number . From this da ta , the Wavefo rm Request Algori thm computes the trans-
mission time and interpulse spacing fo r the next burst or burst pair in the
beam. These computed burst parameters are stored in the WAVEFORM REQUEST file

(along with the beam indices , IURE Q and IVREQ) for  use by the Radar Scheduler
Function.

The Waveform Request Algorithm chooses a different interpulse spacing

from a prestored table for each successive requested burst. The pulse

spacing is varied to provide edditio nal range ambig uity removal in the

Coherent Double Gating Algorithm .

3—I.
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A
3.3 DATA SPECIFICATION

3.3.1 Input Data

The following data is input from the ALF Executive via the BEAN STATUS

File :

Program Eng ineering
Symbol Symbol 

— Description

ICUR — Index to array entries for current beam

IDES ( ICUR ) — Flag indicating designation status of beam

IDES(ICUR) — 1 Designation complete

IDES(ICUR) — 0 Designation incomplete

TBURST(ICUR) — Time of last burst transmission in the
beam (msec)

IU(ICUR ) — Index for beam U coordinate

IV(ICUR) — Index for beam V coordinte

NBPAIR(ICUR ) — Number of burst pair being processed in
the beam

NBURS T(ICUR) — Number of burst being processed in the beam

NBEAN — Number of beams currently listed in the
BEAN STATUS file.

The following data is input via the WAVEFORM PARAMETERS file:

VAL IPS(I ,J) — Prestored values of interpulse spacing
(p eec)

I Burst pair number
J Burs t number

TB TB Tine between bursts (msec)

1? Time between burs t pairs (meec)

BEAMS (IU ,IV ,L) — List of range , range—rate processing limits
for each beam in the search sector

IU Beam U ind ex
IV Beam V index

3—3



Rsw L — 1 Range corresponding to closest
edge of acquisition band in the
beam (m)

R~~ L — 2 Range corresponding to the
furthest  edge of acquisition
band in the beam (m)

Ds L — 3 Range—rate corresponding to the
lowest Doppler channel to be
processed for the beam (In/sec)

DE 
L — 4 Range—rate corresponding to the

highest Doppler channel to be
processed for the beam (m/sec)

3.3.2 Output Data

The following data is output to the Radar Scheduler Function via

the WAVEFORM REQUEST File :

Program Engineering
Symbol Symbol Description

NB RE Q — Number of bursts requested (1 or 2)

THEXT — Transmission time for next requested burst
in the beam (msec)

TSEP T3 Time separation between bursts in the
requested burst pair (lnsec)

TIPS1 — Interpulse spacing in the next requested
burst (psec)

TIPS2 — In ter-pulse spacing in the second burst of
requested burst pair (~tsec)

IURE Q — Index for beam U coordinate

— Index for  beam V coordinate

I
I
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3.3.3 Parametersa
Table 3.1 shows recotx~erxded values of interpulse spacing for

three successive burst pairs in a beam, where the nominal pulse spacing

is 5.0 usec. Data is stored in array VALIPS(I,J). By varying the pulse

Table 3.1.

RECO~2€NDED INTERPULSE SPACING VALUES (nominal’.5.O ~sec)

BURST NUMBER WITHIN
BURST PAIR A BURST PAIR

SEQUEN CE NUMBER 1 2

1 5.0 sec 4.7 sec

2 5.2 4.9

3 5.1 4.8

spacing on successive burst pairs , the Coherent Double Gating Algorithm
can reject ambiguities which have passed through the Coincidence Detec-

tion Algorithm. For designation sequences longer than 3 burst pairs ,

the sequence of interpulse spacings in Table 3.1 is repeated as many times

as necessary .

Other parameters are as follows:

TB Time between bursts (nominally 2 to 3 msec)

Time between burs t pairs (nominally 50 macc)

The two parameters T3 and T~ are defined as shown in
Figure 3.2.
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Figure 3.2 Burst Transmission Timing Definitions
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4.0 PARAMETER SELECTION ALGORITHM

4.1 PURPOSE

The Parameter Selection Algorithm executes the real—time selection of

ALF parameter values based on the measured environment. Since the develop-

ment of an algorithm for choosing the N—M:N designation sequence has not

I been completed , the current Parameter Selection Algorithm specifies a pre-

determined N—M :N sequence.

Future versions will include an algorithm for selecting among a set

of designation sequences .

4.2 GENERAL DESCRIPTION

Figure 4.1 is the overview flowchart for the Parameter Selection
Algorithm (PARALG) . The Parameter Selection Algorithm contains

the predetermined values of N and N for the designation sequence. These
values are passed to the CDG Algorithm for each beam via the CDG PARAMETERS file .

4 .3  DATA S~ ECIFICATION

I 
4 .3.1 Input Data

I 
The following data is input to the Parameter Selection Algorithm:

i Program Engineering
U Symbol ~ymbol Description

IU — Index for beam U coordinate

Iv — Ind ex for  beam V coordinate

I
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4 . 3 . 2  Output Data

The following data is output to the CDG Algorithm via the CDG PARAMETERS

f i le :

Program Engineer ing
Symbol Symbol Description

NTRAN N Number of transmissions in designation
sequence.

NMISS M Number of misses allowed in designation
sequence.

~.3 .3  Parameter Settings

Designation sequences with M 1, N = 6; M 2 , N = 6; or N 1,

N - 5 are reco~~ euded.
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5.0 MAR.KING ALGORIT~fi’f

5.1 PURPOSE

The Marking Algorithm operates on the sampled radar video from several

Doppler filters to generate marks, i.e., estimates of the two—element state

of range and range—rate for potential objects . Basically , the Marking

Algorithm selects peaks in the radar video response (over a portion of the

range , range—rate plane) which have amplitudes characteristic of potential

RVs. For each of these peaks the algorithm estimates the location in the

range , range—rate plane and saves it for  further  processing .

5.2  GENERAL DESCRIPTION

The range , range—rate Marking Algorithm described in this report is

designed to operate on sampled video (sampling rate in range equal to

twice the nomina l bandwid th ) from Doppler filters spaced at 305 m/s in

range rate. The algorithm should operate satisfactorily with Doppler

f i l t e r  spacing as large as one—half of the Doppler resolution. These

restrictions on sampling rates in range and Doppler were imposed to

elim inate the requirement for sophisticated interpolation techniques.

Since the input data are assumed to be calibrated in range and range—

rate , all opera.ions are described in these units (rather than time and
Doppler f requency). Video samples are provided for all Doppler filters
wi thin the RV range—rate acceptance region plus one f i l ter  on each side
of the region. This allows marks to be generated in one f i l ter beyond

each edge of the B’! range—rate acceptance region . The acceptance of ma rks
in one f i l te r beyond the RV range—rate acceptance region reduces the
prob~bi 1ity of missing an RV due to the Dopp ler resolution of the waveform .

I
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A range , range—rate mark is genera ted by either of the following

two criteria:

1. A peak in range—rate occurs at the same sample location

as a peak in range , and the video amplitt.~de at that sample

exceeds the detection threshold (Type 1 mark);

or 
2. A peak in range—rate occurs one range—rate sample away

f rom a peak in range , the video amplitude at both samples

exceeds the detection threshold, and a mark generated by

the first criterion does not lie within plus or minus one

sample spacing in range and plus or minus one sample spac ing

in range—rate (Type 2 mark).

The second criterion for generating a mark reduces leakage caused by

interference from fragments or fragment ambiguities at lover range—rates.

The final estimates of range and range—rate for each mark are computed by
linear interpolation of the differences between sample amplitudes .

Figure 5.1 is an overview flow chart showing sequence of events and

data flow for the marking algorithm. The range, range—rate marking

algorithm first examines video data to locae~ peaks in range which exceed

the detection threshold , and then proceed s to locate peaks in range—race

at each of these range locations . The resulting range , range—rate marks
are tested for satisfaction of the marking criteria.
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5.3 DATA SPECIFICAT ION

5.3.1 Input Data

The following data is input via the MARKING PARAMETERS f ile:

I
Program Engineering
Symbol Symbol Description

RSW Rsw Range corresponding to closest edge of
acquisition band in the beam (in)

REW R.~~ Range corresponding to furthes t edge of
acquisition band in the beam (in )

RREF B0 Reference range for  specification of
detection threshold (in)

THRESH T0 Detection threshold (specified as a radar
cross section) at the reference range
B0(m 2) .

The following parameters are input via either the BURST 1 VIDEO or

the BURST 2 VIDEO file:

RS R5 Range corresponding to start  of video
data processing (in)

RE R
E 

Range corresponding to end of video
data processing (in )

DELR Range sample spacing (m)

DS D~ Range—rate c~ rresponding. to lowest Doppler
channel for which video data is
processed (m is)

DE DE Range—rate corresponding to highest
Doppler channel for which video data
is processed (mi s)

DELD Range—rate sample spacing (Doppler channel
spac ing) (mis)

VIDEO(K , I) r (k ; i)  Amplitude of video at range R5 + (k — l )A
and range—rate Ds + (i — l)~~. Note that

k — l a t R5 a n d i — l a t D5
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5.3.2 Output Data
t~4

_
~ 

j
The following data is output via either the BURST 1 MARKS or

7 the BURST 2 MARKS file:

Program Engineering
Symbol Symbol Description

NM - Number of range, range—rate
marks in array RRDOT

RRDOT(Q,M) R1 (q,m) Range—ordered list , indexed by q,
of range , range—race marks generated
for the current burst

in — 1 Range (in)

in 2 Range—rate (In/sec)

I in — 3 Marking flag

5.3.3 Parameter Settings

The only parameters which must be specified in the range, range—rate

• marking algorithm are the detection threshold , T0, and the reference range,

- 
R0 . Normally, the middle of the range corresponding to the acquisition

band is used , i .e.,  R0 — l/ 2 (R sw + R~~ ) .  However , since the interference

often cannot be treated as white gaussian rwise , standard operating

I characteristics canno t be used exactly to achieve a desired A

sensitivity analysis via simulation is the most reliable way to select

the threshold . Values of detection threshold between 5*1O~~ in
2 (— 33 dBsm)

and 3.l6*lO~~ in
2 (—35 dBsm) have been simulated.

I

I

Ii S

I-

1
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5.~ MATH~~ATICAL RELATIONSHIPS

Range marking is performed for  one range sample at a time , starting

with range Rs. At each range sample , range marking is performed for each

of the Doppler channels. This is accomplished by the following sequence

of operations. At range sample k, the successive amplitude differences

(f or Doppler channel i)

d(k; i) — r(k; i) — r (k—l; i)

Rs.~j
Rs 

_ _ _ _ _ _ +1 (5.1)

are computed . If d(k;  i) > 0 and d(k + 1; i) < 0 and r(k; i) >

a range mark is generated at range

R ( j ;  i) — R
5 + (k — -

~
.)i

~ + d(k ;  
k L i )  

(5.2)

where j indicates the order, in range , of the mark for Doppler channel i.

As indicated in equation (5.1) , the marking is performed only over the

range interval (R~~, R~~]. The detection threshold , is varied with

range according to

/ R
T “ T 1”2 1 0 (5 3)
k 0 R

s
+ (k _ l)

~~)

~1ex t , for each range mark R(j; i), a check is made to determine if

a peak in range-rate coincides with it. Each of the range marks is checked

in order of range, regardless of Doppler channel. At the range sample

nearest to R(j; i), that is

~ R(j; i) — R5 ~k Integer — — + (5.4)

- 
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A
p the amplitude differences

e(k; i) — r(k; i) — r(k; i — 1)

i — 2 , 3 , ... , ND 
(5.5)

are computed , where

DE
_ D

S + 1

If e(k; p) > 0 and e(k; p+l) < 0 and r(k; p) > Tk, a range—rate
mark is generated at range—rate

I
R(k; 2.) — Ds + (

~ 
— + e(k; p) — e(k; p+l ) (5.6)

where 2.. indicates the order, in range—rate, of range—rate peaks at

I range sample k. If no peaks in range—rate are found , the range mark
R( j ; i) is dropped . If one or more range—rate marks are generated at

range sample k, each is tested to determine if it coincides with the range

mark R(j; i). If

)~~(k; 2.) — D5 — (i — l)~~ < , (5.7)

then the range estimate R(j; i) and the range—ra te estimate ~ (k; 2)

are stored in positions in — 1 and in — 2 respectively of the array

I Ri(q, i n) ,  where q indicates the order in which the range , range—rate

marks are generated . Position in 3 in RR(q, in) is set as follows

1 if ;R(k ;  £) — Ds — 
— l ) C I  

~~~I R~ (q, 3) —

0 , otherwise

1
I
1



After  the range , range—rate marks RR(q, in) are generated as described

above , they are reordered by increasing range. Marks are then retained in

R.R(q, in) if one of the following two conditions is satisfied :

1. RR(q, 3) l 
-

or I
t

2. RR(q, 3) — 0 and there exists no RR(u, 11) , u ~ q

such tha t 1
RR(u, 3) — l  1

R.R(q, 1) — RR(u, 1)1 <
~~~~~~

and

IRR (q, 2) — R ( u, 2)1 ~ C I
All other range , range—rate marks are deleted .

5—8 j
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a
5.5 DETAILED DESCRIPTIONS

5.5.1 Marking Algorithm Executive Subroutine (NRXAL G)

5.5.1.1 Purpose

The executive subroutine ~~XALG controls the process of marking

video data from one burst.

5.5.1.2 Detailed Description

• The operation of the executive is very straightforward , as shown in

the detailed flowchart of Figure 5. 2. The sort operation simplifies the

search for redundant marks .

5-9
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C~
KALGD

_ _  

1
_ _ _ _  

MARK 
- \

PRODUCE LIST OF
RANGE, RANGE—RATE

MARKS BASED ON MARKING RULES .

‘p

SORT
SORT MARKS

BY RANGE ORDER

REMOVE .
REMOVE REDUNDANT

MARKS

CRETURND

Figure 5.2 Detailed Flowchart for  Marking Algorithm

I

1
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1 5.5.2 MARK

5.5.2 . 1 Purpose

MARK controls the process of locating range and range—rate peaks.

It then tests for satisfaction of the marking criterion (except for

redundant mark test) .

5 .5 . 2 .2  Input /Output  Data

Input Data

Program Engineering

I Symbol Symbol — Description

I VIDEO(K , I) r (k , j ) Amplitude of video at range R5 + (K-l)~
and range—rate Ds + (i—l)C

I
Output Data

RRDOT(Q,M) RR(q, zn) Range—ordered list of marks

5 .5 .2 .3  Detailed Description

I MARX produces range , range—rate marks by applying the marking rules
specified in Section 5.4. The detailed flowchart of MARK is shown in

I Figure 5.4. The video data is examined one range bin at a time; subroutine

PEAK is called to detect range peaks . Subroutine VPE.AK is called to locate

I range—rate peaks. A search is then made to match each range—rate mark
with the closest range mark. If both marks ccc~ r in thc same range—rate
bin (type 1 mark) a special flag is set for that range, range—rate mark.
The only other marks retained are those where range and range—rate marks
occur in adjacent range—rate bins (type 2 mark) .

1 5—1.1
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I
Figure 5.3 shows an example of the markin g process for  the range bin

corresponding to range R~~. Range marks and r— ng e—ra t e  marks are shown

for  several samples where there are threshold crossings . The range ,

range—rate mark at A will be flagged as a type 1 mark; B is a type 2 mark. I
The detailed flowchart of subroutine MARK is shown in Figure 5.4. 1

I

B

r
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R~ RANGE BIN

-

~~~ I -

V
4 — I _____  —

— 

I
— ____ ____

I B ’

v — I — V
3 

RANGE—RATE BIN

1
RANGE-RATE ~1 — — —

I 
V
2 
- _ _ _

I V
l
_ 

_ _ _ _  _ _ _ _  —

I R .1 R~

RANGE

I

I D — Threshold Crossing

X . - Range mark

0 - Range—rate mark

I
A — Range, range—rate mark

I
I Figure ~ .3 Example of the Marking Process

I
I
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COHPU I E I C ~ CT~ U’ - ‘~~~ULD Tk
I’~~ THiS R/t~~ E ‘

~~~~

( rQUAT JON (~~.3)  I
. I I

FOR EACH DOI P LE R MN . i

PF.AK 

_

\
C!U CK FOR RANGE Pr.AK AT )

THIS I~\N GE , ~~~ GE— ~~\T I~ SA~-1PL~

ANY RANCE
PEES

Foe

~

D N 2
~~~D

1 V A  
_ _ _ _ _

LOOK FOR DOP P LER
I PEAKS AT THi S /

RANGE J
FOR EAO4 RANGE-RATE MA RK FOUN D , j

± 

DOES THIS RAN GE-RA TE 
-

______________ 

~i
Yes

STORE RANGE ANI RANGE—
RATE FOP THIS j ch 

~~~~~~~~~iN RRDOT (i ,j), j 1 ,2

I I  _ _ _

L%~J
Figure 5 .4  Subrout ine  MA RK Det aile ! Flowchart
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A

I

I i  
L

~

J 
H

i t  H
I I I  I I I

INITIALIZE TRUE PEAK FLAG

i~ RRDOT (1,3) — 0 1 I
I 

GE-~~~~~~~~~~~~~~~~~~~~~~~~’ 

I
No 

I
DOES RAN
OCCUR AT SANE DO

H 
_ _ _ _  ICHANNEL AS RANGE MARX ’

I 
‘p

Yes

i I SET FLAG INDICATING TRUE
PEAK IN RANGE AND I I

RANGE-RATE

I I RRDOT (1 3 )— l  I I
I I I 

.

I II I~ 
_ _  _ _  

I iI I ~~~ 
— -_  - - - - _

I II I
1
END RANGE BIN LOOP 

____ _____ ____ ____ _____ ____ ______ _____ —

I
I

Figure 5.4 Subroutine MARK Detailed Fiwochart (Cont ’d)
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5 . 5 . 3  P EAK

5 .5 .3 . t  Purpose

PEAK processes video amplitude data to test for a peak in range for

a specific range sample and doppler channel.

5.5.3.2 Essential Input/ Output  Data

Input Data

k — range sample number

i — doppler channel number

r(q, i) — video data (k—I. < q < k+l) (array VIDEO)

— detection threshold at range sample k

Outpu t Data

RPK — interpolated range value for range peak
at range sample k

P!~’LG - peak flag

5 . 5 . 3 . 3  De tailed Description

PEAK f i r s t  tests whether the video sample exceeds the detection

threshold Tk for this range . If so , successive amplitude differences

are computed and the peak test is made. If a peak is found , its range

is computed by interpolation . Figure 5.5 shows an example of the

detection of a peak between range samples R,~ and Rk+l in doppler

channel i.

The detailed flowchart of subrout ine PEAK is shown in Figure 5 .6 .

I —
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I
I

VIDEO
AMPLITUD E

r (k , i)

~~~~~~~~~~~ 

RANGE
Rk Rk+l

Figure 5.5 Peak Picking in Range
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_ _ _ _ _ _ _ _ _ _ _

DOE S W D O

~~Yes

COMPUTE AMPLITUDE
DIFFERENCES d(k , i)

AND d(k+ 1,i) by
EQUATION (5.1)

_/‘ . IS THIS A RANGE pEAK ?

d(k ,i))O and d(k+1,i)< O?

Yes

COMPUTE INTERPOLATED
RANGE FOR MARK
BY EQUATION (5.2)

SET PEAK FLAG
PKFLG

Figure 5.6 SuLr out ine PEAK Detailed Flowchart
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5.5.4  VPEAK

I
5.5.4.1 Purpose

I
VPEAK processes video amplitude data to test for  peaks in ran ge-rate

at a specified range sample.

5.5.4.2 Essential Input/Output Data

• Input Data

k — range sample number

r(k , i) — video (array VIDEO )

• Output Data

~(i) 
— interpolated range—rates for range—rate

peaks at this range sample (array VELMRK)

NPKS — number of peaks found

5.5.4.3 Detailed Description

Subroutine VPEAK performs essentially the same peak detecting

functions in range—ra te as are performed by PEAK for range. In addition ,

the interpolated range—rate is tested to determine whether it lies within

the region of interest; if it lies outside the region , the mark is deleted .

a-

The detailed flowchart of VPEAK is shown in Figure 5.7.

F
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vP
~D

FOR DOPPLER .CHANNELS . TO_N~~ i

DOES VIDEO SAMPLE \
/ EXCEDE THRESHOLD ________

FOR Kth RANGE SAMPLE?
> TiC’

~, Yes

COMPUTE AMPLITUDE
DIFFERENCES e(k,i)

AND e(k , i— l)
BY EQUATION (5.5)

___ t
e(k,i

~
.l ) >O A e j Z O~~~~~~~~~~~~~~~~~~~

~~Yes

COMPUTE INTERPOLATED
RANGE—RATE ã(k,z) BY EQUATION

(5.6)

_ _ _ _ _ _ _ _ _ _ _ _ _

/ DOES INTERPOLATED RANGE-RATE
( LIE INSIDE REGION OF INTEREST? 

No

\ D s < R(k , 2 . ) < D E

~~Yes

STORE THE PEAK LOCATI ON ~ (k ,~ )

IN ARRAY VEL”(RX

L~~~~~ _
C RETURN D

Figure 5.7 Subroutine VPEAK Detailed Flowchart
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5.5 .5  SORT

a

5.5.5.1 Purpose
I

The subroutine SORT sorts the RR marks on range (ascending order) .
The operation of this subroutine is self—explanatory .

Li

I
5—2 1

I 
— —_-_- ~~~~~~~~~ ~~~~~ 

-



5 .5 .6  REMOVE

I
5.5 .6.1 Purpose

I
REMOVE searches the range—ordered list of marks and removes type 2

marks which are adjacent to type 1 marks, as described in the marking rules.

5.5.6.2 Data Flow

• Input Data

R ( ~~,j )  — range—ordered list of marks (array RRDOT)

• Output Data

RR(i,j) — range—ordered list of marks (without redundant
marks ) (array RRDOT)

5 .5 .6 .3  Detailed Description

REMOVE examines each type 1 mark (true peaks) , searchs for  and

deletes any adjacent type 2 marks . Since the list is range—ordered ,

each search should involve only a few adjacent marks . Deleted marks

are purged from the list.

The detailed flowchart of REMOVE is shown in Figure 5.8.

I
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~~~~~~ OVE

FOR EACH RANGE, RANGE RATE MARK , i
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I THI S MA RK ~~~TYPE 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I Yes
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Yes

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DELETE . TH MARK
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I I OF MARE [~~~flOT

I I

Figure 5.8 Subroutine REMOVE Detailed Flowchart
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6.0 COINCIDENCE DETECTION ALGORITWM

I
6.1 PURPOSE OF SUBSYSTEM

The prImary purpose of coincidence detection is the removal of marks

caused by range ambiguities of the burs t waveform .

Coincidence detection processing is required only for those trans-

missions on which a burst pair is employed .

6.2 GENERAL DESCRIPTION

The coincidence detection algorithm operates on the range, range—rate

marks and the sampled video from two bursts on the same transmission to

produce a set of marks for that transmission. In the bulk filtering

application described here , a novel implementation of coincidence detection

is used which has two equally important objectives

• Removing marks caused by range ambiguities

of the burst waveform

• Achieving a hi gh probabili ty of RV detection in the

presenc e of interference by fragments and fragment

ambiguities.

This design has the advantage that in an environment with severe interfer-
ence the algorithm s~ crif ices ambiguity removal performance to maintain
an acceptable probability of detection, while in less severe interference
the ambiguity removal performance improves substantially .

The coincidence detection algorithm recommended for the coherent

bulk filter is designed to- give equal importance to the removal of marks

caused by range ambiguities and the minimization of RV leakage. To

accomplish this, the algorithm departs from the conventional method of

i 
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implementing coincidence detection which requires that marks from the

two bursts occur within a specified distance in range and range—rate .

The recommended algorithm is defined as follows :

A coincidence detection occurs at a given range and

range—rate if (1) a range, range—rate mark is generated

on either of the two bursts and , (2) the video from the

other burst exceeds a thresho ld .

This algorithm reduces RV leakage in the i-’portant situation where a

large fragment ambiguity is aligned in range with the RV return on one

of the bursts. Since the fragment range—rate is lower than that of the

RV , a mark is generated only at the lower range—rate. On the other burst ,

the ambiguity is shifted by virtue of the different pulse spacing , and a

mark is generated at the RV range—rate.  The recommended algorithm then

generates a coincidence detection from the mark on the burst without

interference and the video above the threshold on the burst  without  inter-

ference. The conventional imp lementation of coincidence detectIon would

not generate a detection for  this case.

An overview flowchart for  the co incidence detection subsystem is

shown in Figure 6.1. As shown in the overview flowchart, the coincidence

detection algorithm first compares the marks from burst number 1 with the

video from burst number 2 , and then conpares the marks from burst number 2

with the video from burst 1. The two lists of marks are then merged and

sorted . Finally, redundant coincidence detections on the same objec t ,

resul t ing from marks on both bursts , are ident i f ied  and removed .

The input data consists of marks from the marking algorithm and
video data. The output consists of a list of marks passing coincidence
detection. This list is passed to the designation sequence combining
algorithm .
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COIN

DELETE BURST 1 MARK S WITH NO T } J ~SUO L )
CROSSING ON BURST 2.

- -..~ V IDEO2

_______________ 
~~~~~~~u~ s r a
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[RRDOT2________________________ v _________________ ..— (~~~~~ ST 2 :tA RK S

I c0
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. 

- ~~~~~~~DELErE i~UR ST 2- MA RK S ~;ITH NO TH REShO LD
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L _ _ _ _ _ _ _ _ _ _ _  

._~ / VIDEOI
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\
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_ _ _ _ _

~~~~~ 
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-
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Figure 6.1 Overview Flowchart for Coincidence Detection
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6.3 DATA SPECIFICATION

6.3.1 Input Data

Program Engineering

~vtnbo1 Symbol Description

RRDOT.L(Q,M) R.R
1
(q,m) Range—ordered list , indexed by q, of

rang e, range—rate marks from burst
number 1 specified by range (rn=l ,m),
range—rate (m~2,m/s), and a flag (m=3)
used during marking.

NM1 NM
1 Number of range , range—rate marks for

burst number 1.

RR .DOT2(Q, M) RR
2
(q,m) Range—ordered list , indexed by q ,  of

range range—rate  marks f rom b u r s t
number 2 specified by range ( m l , m ) ,
range—rate (m~2,m/s), and a flag (m 3)
used dur ing  marking .

N~12 NM2 Number of range , range—ra te  marks fo r
burs t  number 2 .

RS Rs Range corresponding to s t a r t  of video
data processing (in) .

DELR .~ Range sample spacing (in) .

DS Ds Range—rate corresponding to lowest
Doppler channel for which video data is
processed (mis)

DELD Range—rate sample spacing (Doppler channel
spacing) ( m is ) .

VIDEO1(K ,I) r 1(k ,i) Amplitude of video at range R +(k—l)~
and range—rate D

~~~
i+l); for ~urst

number 2 (in) .

REE F R0 Reference range for specification of
video ~hre~h3Ld ( i n)

THR CD TCD Video ~:ir~ sho~~ (specified as a radar
cross ~e-: t~~-JrJ at the reference range

used tc~ generate a coincidence
detection (in 2 ) .

-I
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6.3.1 (Continued)

Program Engineer ing
Symbol. Symbol Description

RCD R I~.ai.ge interval used in the removal
CD of redundant mar ks on the same object

at the end of the coincidence detection
operation (in) .

RDOTCD R Range—rnte interval used in the removal
CD of redundant marks on the same ob jec t

at the end of the coincidence detection
operat ion (m is) .

6.3.2 Output Data

CDMRKS(L ,M) RRR( Z,m) Range—ordered  l ist , indexed ~ y 2.,

of range , range—rate marks t~~-~ ’ have
passed coincidence detection.

m 1  is range (in)
m 2 is range—ra te  (m/sec )
in = 3 is angular coord inat e , u
in 4 is angular  coord ina t .~ , v
in = 5 is the burst number.

NMC NMC Number ot range, range—rate marKs
that have passed coincidence detectiun.

6 .3 . 3  Parameter Set t ings

Four parameters can be specified in the coincidence detection algorithm .

The reference range , R0, at which the video threshold ic specIfied is normally

the middle of the range extent corresponding to the acquisition band , i.e.,

R0 
— 1/2 (R~~ + R~~~) .  The video threshold , T~~ , which is applied to the

burst opposIte t~Aat containing the mark, is set to achieve the desired operat-

ing point 
~~D’ ~FA~ 

at the output of coincidence detection . Only cases with

the video threshold , Tc0, set equal to the detection threshold , T0
, have

been s frrulat ed.  This was found to be a suitable operating point , and
is reco nended. The other two parameters , RCD and RCD, the range and range—
rate  intervals , respect ively,  used in the removal of redundant marks on the

s~rr~ cb~ ec:, are selected based on the resolution properties of the wavetortn .

It is recommend ed that they be set equal to twice the measurement covariances ,

i .e.  RCD 
- 2°R 

and - 2~~ .
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o .-~ MATHEMATICAL RELATIONSH IPS

A general f l o w  diagram for the eoin ide:-. e detection Ti1g or~ thm is

shown in F i g u r e  6. 1.

The first step in the processing oompares t :~e range , range—rate marks

from burst number I with the video from burst number 2. F r  each mark ,

i n) , from burst number 1, the indices of the closest - :doo sample of

burs t number 2 are determined . The index in range is

k - Integer ~~~~~~~~ 
- Rs ~ (6.1)

2~

and the ind ex in range—rate is

I — Integer 2 ( 2.,2) — D~ 
+ (6.2)

2~

The video amplitude of burst number 2 at range sample k and range-rate

sample i is then compared with the video threshold , TCk~ given by

R 2TC
k 

— TCD 0 (6.3)

Rs + ( k — 1) ~
If

r ,.( k , i) > T C k

the range range—rate mark R.
1

(Z .m) is retained ; otherwise , it is deleted .

I
I
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a

Similarly, the range, range—rate marks from burst number 2 are

compared with the video from burst number 1. For each mark , RR
2
(1 , i n ) ,

the closest video sample from burst number 1 has range index

k - Integer ~~~~~~~ 
- R~ 

+ (6.4)

2~
and range—rate index

i — integer ~R.R1
(L,2) — Ds + .~

) (6.5)

c
If

r1(k , i) > T C k

the mark RR
2

(t , in) is retained ; otherwise , it is deleted .

The range , range—rate marks retained from both bursts are merged

Into a range—ordered list, RRR (q,m), indexed on q, of marks specified
by range (in — 1) , range—rate (in — 2), and burst number (in 3) on which

the mark was generated. A test is then performed to identif y redundant
marks on the same object  caused by the occurrence of marks on both  bursts .
If two marks RRR(L,in) and RRR(q,m ) are f ound for which

RR.R(L ,3) ~ RRR(q,3) (6.6)

and

!P..aR(~~,
l) — RRR(q,l)j < RCD ( 6 . 7 )

and

RRR(Q ,2) — RRR(q, 2) < (6.8)

the mark wi th  the minimum range i~ re t -m Ined , and th e o th or  m a . k  i~
deleted. (This is an arbitrary choice of which mark to retain.)
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I

o.5 DETAILED DESCRIPTIONS I
6.5.L Executive Subroutine I
6.5.1.1 Purpose I

The coincidence detection executive subroutine controls the data I
flow and the execution of subroutines for this subsystem.

6.5.1.2 Detailed Description

The operation of the executive subroutine is straightforward. Sub —

routins are called as shown in the overview flowchart in Figure o.l.

I
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6 . 5 . 2  Subroutine COIN

6.5.2.1 Purpose

For each mark from a burst , COIN checks for a threshold crossing of

the video from the other burs t .  If the video does not exceed the threshold ,

the mark is rejected.

6.5...2 Essential input/Output Data

Input

RR (q ,tn) Range , range—rate  marks from this burs t
(burst n)

r , (k , i) Video from the other burst (burst  n ’)

Output

Range , range—rate marks from this burst
pass f i r s t  step of coincidence detection

6 . 5 . 2 . 3  Detailed Description

Subroutine COIN examines each mark from a burst. The range , range—

rate  sample closest to the mark is determined . The video of the other

burst is examined at that sample to check for  a threshold crossing . A
detailed flowchar t for  COIN is shown in Figure 6.2.
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I

( T h
COIN )

I
COMPUTE CLOSEST RANGE AND RANGE—RATE

SAMPLES (k and i)
[EQUATIONS (6.1) and (6.2) ]

_ _ _ _ _  

I
COMPUTE THRESHOLD TCkFOR THE MARX’S RANGE

BY EQUATION (6.3)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I
/~ 

IS THERE A THRESHOLD Yes I
CROSSING FOR OTHER BURST

AT THIS RR VALUE?
r,

~ 

(k ,i) 
~

Tk?

[ N o

SET FLAG TO DELETE
THIS MARK i

RR~~(q , 3 ) — 1

-

~~~ I
L_ ~~~

_ _ _
~~. _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

QET RN

9

I
Figure 6.2 Subroutine COIN Detailed Flowchart
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6.5.3 Subroutine MERGE

6.5.3.1 Purpose

MERGE comb ines the marks from the f i r s t  and second bursts in to

one list, and then sorts the list in range order . Marks which have been

flagged for deletion may be rejected at this point. The merge and sort

operations are self explanatory.

I

I-
I 6- il

I
- 

Is - - 

-.— _ _ _ _ _ _ _ _ _ _ _  -

~~~

-- _ _ _



I
6.5.4 Subroutine CULL

I
6 .5 .4 .1  Purpose

CULL removes redundan t marks caused by the same object.

6 . 5 .4 . 2  Essential Input/Output  Data

Input

RRDOT(q ,m) — range—ordered list of marks from
both bursts

Output

RRDOT(q, m) — range—ordered list of marks which passed
test with redundar~t marks removed

6.5.4.3 Detailed Description

For each mark , CULL examines adjacent marks over a range extent of

±RCD . Only marks from the other burst are examined. If another mark

is found whose range—rate di f fers  from the current mark’s by less than

the mark with the lesser range is deleted.

A detailed flowchart for CULL is shown in Figure 6.3.

I
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I
I GD

FOR EACH MARK , q

I I FOR EACH MARK WIThIN ± RCD IN 
_[ 

RANGE , ~

I
_ _ - _ _— — —  

p
— — — — — —  

~~I IS MARK n FROM SAME BURST AS MARK V Yos

[equation ( 6 . 6) ]

I / ARE MA RK S CLOSE ENO UGH II I ( IN RANGE—RATE FOR REDUND ANCY TEST?
(eq uation (6.8 ) ) II ~~Yes I

1 
1 I I

DELETE TH E MA RK
I I WITH GREATER RANGE . Iu I L  I
I _ _ _ _ _ _ _ _ _ _ _ _ _ _  I

I f — —
~~~~ I

I
Figure 6.3 Subroutine CULL Det.ailed Flowchart
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7.0 COHERENT DOUBLE GATING (CDG ) ALGORITHM

7.1 PURPOSE OF SUBSYST~1

The coherent double gating algorithm performs two general functions :

(1) the removal of detections caused by clutter and ambiguities that are

not r emoved by the single transmission processing , and (2) the generation

of a s tate estimate on each threatening target for  track initiation. The

CDG algorithm performs the same processing after each transmission,
*

regardless of whether it is a burst pair or a single burs t .

7 . 2  GENERAL DESCRIPTION

The CDG algorithm consists of three tests for reducing the number of

potentially threatening objects designated in the beam and a maximum

likelihood estimation computation for generating the bes t state estimate

for track initiation.

The f irst  tes t is a deceleration or gating test which eliminates any

object whose traj ectory deviates by some amount from a constant range—rate

trajectory. To perform this test , the maximum likelihood estimate of the

two—element state (Ft,R) is computed for each object a f ter  transmission j —l .

Based on this estimate and assuming a cons tant range—rate trajectory , an

uncertainty region (elliptical gate) is computed in the range , range—rate

plane for the measurement on transmission j. If the measurement (mark)

falls within th e gate , the object is retained. If the measurement falls

$ outside of the gate , a miss is recorded . If the number of allowable misses

is exceeded , the object is dropped from fur ther  consideration. If the

number of allowable misses is not exceeded , the object ’s state estimate is

updated to the present transmission time. Since a miss can be caused by

failure to d*tact the object , it is preferable to allow at least one miss

*Alttiough the CDG aigor ..:i~ 1,~ 5 tnia ~.mç~bi1ity, thin report
specifies its use only with burst pairs.

I
1 

7-1

Is



during the sequence of transmissions to achieve a high probability of desig-

nation at the end of the sequence without requiring an unreasonably high

single—hit probability of detection . A strategy allowing M misses in

a total of N transmissions is denoted by N — M : N .

The CDG algorithm uses one of two methods to achieve an N—M :N strategy

which yield differen t operating points . The type 1 N—M :N s t rategy , or

N—M :N(l), requires that the object be detected on the first transmission,

i. e . ,  no new object state estimates will be initiated on transmissions 2

through N. The type 2 N—M: N strategy , or N—M:N(2), allows a miss to occur

on the first transmission. This means that marks not falling into an ellip-

tical gate on the second transmission are used to initiaLize new object state

estimates .wi th one miss. The type 2 strategy allows entries to be added

to the CDG file on two transmissions, and hence achieves a higher proba-

bility of designation at the expense of more computations and a slightly

higher level of ghosting.

The second test ifl the CDG algorithm is a velocity test. This test

utilizes the increased confidence in the range—rate estimate from multiple
transmissions to effectively sharpen the cut—off at the edges of the RV

range—rate acceptance region. It is used after each transmission beyond

the first and tests whether the range—rate estimate is, with high confidence ,

outside of the acceptance region.

The third test , called an association test , is designed to eliminate

multiple entries in the CDC algorithm file corresponding to the same object .

Such multiple entries can arise from multiple marks on the same object from

the firs t transmiaeion, or from multiple marks falling in the gate for the

gating test on the second transmission. The association test is performe d

af ter each transmission beyond the second .

The maximum likelihood est imation of (R ,~~) for track initiation is

generated as par t of the deceleration or gating test .

7—2



I
Figure 7.1 is an overview flowchart for  the coherent double gating

algorithm. During the f i rs t  i teration shown in the flowchart (j—l) the

list of object state estimates is initialized with the marks from trans—

I mission number one. These marks can be generated by the processing

described either in Section 6 for burs t pair transmissions or in Section 5

for single burst transmissions.

I On the second iteration (j—2), each object state estimate from iteration
one is used to establish a range, range—rate gate for the deceleration

I 
test. Marks from transmission two passing the gating test are used to

update state estimates of the object. Those objects which then pass the

I 
velocity test are placed in the updated object file. Finally, if the

s t ra tegy type is 2 , marks not falling in any gate are used to in i tia te

new object state estimates.

I
From the third iteration on, state estimates are updated by the mark

I closest to the center of the gate. Each object must then pass the velo-

city test. The remaining objects are processed by the association test

to - emove redundant tracks. After the last iteration, the list of objects

is passed on to the Known Object Recognition Algorithm.

I
I
I
I
I
I
I
I 7— 3

I
Is



~~~~~GALG
9

~~~~~~~~~~~~~~~~~~~~

I YES ( js~?

/‘ RR DOT~ 7I 1 MARKS FROM I
TRANSMISSION j~
_ _ _ _ _ _ _ _ _ _ _ _

I / \

DT~ \
I / _ _ _ _ _ _

I / PREVIOUS STAT/ \
/ ~~~~~~~~~ OF

I / ‘.. \
_ _  

p N 
_ _  _ _ _ _ _

~~

‘ 

..~4JJf~
ATEI u NIT 

_ _ _ _ _ _ _I !NITIAL 1LE OSJcCT 
~~~~ TEST STATE LPQATE .

I STAR ESTIMA TE~~~~ VELOCITY TEST AtIO ST RATEG
I TYPE IMPLEMENTATION

I -. --

“ DT,~ “I
I CURPENT STATE
\~~~MATE OF OBJECTk

I 
_ _ _ _  _ _ _ _

I \ I ASSOC 
_ _ _ _ _ _ _ _

I I REMOVE kEDUNDANT
I I STATE EST IMATES

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

c-
~ m~~~ 
R~iUR~~~

,)

Figure 7.1 Overview Flowcnart for  Coherent Double
Gating Algorithm Subsystem
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I
.3 DATA SPECIFICATION

‘.3. L  
~~~~~ 

Data

The f~~~~~w t h g  dat a  is input via the CDG OPERATING PARAMETERS File:

I
Program Engineering

I ~~~~bo 1 Symbol Description

NTRAN N Number of transmissions in CDG sequence

I NMISS M ?iumber of misses allowed in CDG sequence

IS IS Specifies an N—M:N(IS) algorithm (IS—i

I requires a detection on the first trans-
mission, IS=2 requires a detection on
first or second transmission).

I CC CC Constant rela ted to the p robabi l i ty  of a
detection from a threatening target f al l ing

I in the elliptical gate.

CV CV Constant related to the probabilit’~ of a

I 
threatening target passing the velocity test.

RDTMIN R Lower range—rate limit in velocity test (rn/see) .
mm

I RDTMAX R Upper range—rate limit in velocity test (n, sec).

CA CA Constant related to the probability of
incorrectly associating two detections from
different objects.

I The following data is input via the COINCIDENCE DETECTION MAR KS File:

I COMRKS(L ,M) RR (L ,n )  Range—ordered list , indexed by q ,  of range ,
j range—rate mark s from transmission j

£ m l  range (m)
— 2 range—rate (tn/see)

m 3 angular coordinate , U
in — 4  angular coordinate , V

I m _ 5  burst number

I
I
I
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_________



&CD NM . Number of range , range—rate marks
in array CDMRXS

TMEAS t~ Time of transmission j (sec) .

The following data is input via the CDG TRACK file:

NTN NT .1 Number of objects passing the CDG Algorithm
on transmission j—l (number of entries
in

CDGTRK(K,M) DT~~,1(k ,m) Range—ordered designation list, indexed
by k, of objects remaining in the CDG
algorithm after processing of transmission j .
M = i Range estimate (in)

M = 2 Range—rate estimate (mis)

M = 3 Number of misses
M = 4 Variance of range estimate (in 2 )

= 5 Covariance o~ range and range—rate
ectimates (in /s)

M — 6 Variance of range—rate estimate

M = 7 Angular coor d~nate U
M = Angular coordinate V

The following d~ata is input via the MEASUREMENT PARAMETERS f i le:

SIGR A—priori range error standard deviation (in)

SIGRDT ~~ A—priori range—rate error standard deviation
r (rn/see)

7.3.2 Ouput Data

The following data is output via the CDG TRACK file :

NTN NT . Number of objects oassing the CDG al~ orithtn
or. transmission j

cDcrRx (K ,M) DT~ (k~m) Updated designation list of objects
remaining after processing transmissio: j
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7.3.3 Parameter Settings

- 

The ten parameters N , M , IS , ~ , ~~~~, CC , CV , R , R , and CA arer r mm max
used exclusively in the CDG Algorithm . R . arid R are set to the

mm max
minimum and maximum range—rates of RV’s threatening the defended area.

Values of -7.2 Ion/s and —5.4 km/s respectively were used in all

.,irnulations . The constant CV is set to 2.~~7 to achieve a probabil i ty of

.~ 95 of a threatening target passing the velocity test. Simulation

res ..ts with bursts of 16 10 MHz bandwidth pulses and coincidence detec—

~~~ indicate tL..t settings of

N—M :N(IS) — 5:6(2), 4:6 (2) , or 4 :5(2)

(~ 
,~~.) — 3~66 in, 156 m /sr r

CC = 10.6

CA — 5.0 to 10.0

are suitable operating points. For 32 pulse bursts and ~ can be

reduced to approximately 1.83 in and 38.9 in / s .

I
I
I
1
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7.4 MATH~ 4ATICAL RELATIONS

A general flow diagram for the CDG algorithm is shown in Figure 7.1.

After the first (search) transmission, j 1 , variables are initialized

as follows.

ND . — NM~ (7.1)

For each q = 1,2,... ~~~~ set

DT~(q,l) — R L .(q,l)

DT~(q,2) R t ~(q,2)

DT .(q,3) 0

DT .(q,4) —

DT~(q,5) 0

DT~ (c~ 6) ( 7 . 2 )

The remaining operations are performed after the second (first verify)

and subsequent transmissions, ja2,3,... First , the measurement error
covariance matrix is set to

1 2
0i r

R —~ (7.3)
2

I 0
L

the transition matrix is set to

ri
( 7 . 4 )

L°
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I
and the count of objects in DT . is set to zero

ND~ — 0 . (7.5)

I For each object in the CDG algorithm after the processing of transmission

i—I , that is for each k 1,2,.. ~~~~~~~ the following sequence of computa-

tions is performed .

I
I 

The state estimate for object k after transmission j—1 is

set to

- 

DT~_1(k~1)

I
DT~_1(k~2)

and the estimate covariance matrix for object k is set to

J DT~~1(k~4) DT .1 (k ,5)

I
lYE 

1
(k ,5) DT 

1
(k ,6)

I
I 

The predict ed state for object k at time is

— 
~ 

(7 6)

and the predicted covariatice for object k at time t~ is

I (7.7)

The covariance matrix for the difference between the predicted state

for object Ic and any one of the marks from transmission j is

I 
Vk~~~

P
k

+ R  ( 7 . 8 )

i
V

~~~~~Is__



For each mark q, q 1 ,2,.,.,NM~ , from transmission j ,  the difference

between the predicted state for object k and the measured state of object

qis

RR~ (q, 1)

Z
k q  

— X.k — ( 7 . 9 )

(q ,  2)

The mark q falls within the acceptance gate of object k if

Z
k q  

T v~~ Zk q  ~. cc (7.10)

At this point , two different paths are identified : Path I, if no marks
fall within the acceptance gate; and Path II, if one or more marks fall

within the acceptance gate.

Path I: No Marks in Acceptance Gate

If

DT~~1(k 1 3) — M , ( 7 . 11)

where M is the allowed number of misses, delete object k from further

tracking by simply beginning processing on object k+l. Object k will n t

appear in the updated BEAM DESIGNATION FILE in that case.

If

DT~~1(k~3) < M

increment the designation coun ter

ND~ — ND~ + 1 , (7.12)

increment tne mass ’ counter for object c

DT 4 (ND., 3) — DT~ 
~~~~~ 

+ ~ (7.13)

7—10
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-~~~~~

I i

I 
and set the other elements of the BEAM DESIGNATION FILE DT~ (ND .~ m)~ equal

to the predicted state and covariance of object k:

I DT~ (ND~~ l) — X.K
(l)

DT~ (ND~~2) — X,~(2)

I DT .(ND~~4) P.~(1,1)

I DT~ (ND~~5)

DT (ND ,6) — 

~
‘
k~

2’2~ 
(7.14)

I i i

Path II: Marks in Acc~ptance Gate

I
Within Path II, three cases can arise:

(1) If j > 2 and more than one detection falls within the

acceptance gate of object Ic, only the mark q with ~t~a

smallest value of 1, T V 1 Z is retained and the othersic,q Ic k ,q
are deleted .

(2) If j — 2  and more than one mark falls within the

I acceptance gate , all such marks are retained for

further processing. If j 2 , the index , q of each

I mark retained is stored in the array, 3. This array

is required to implement an N—M:N(2) strategy.

I
(3) If one mark falls within the acceptance gate, it

I is retained for further processing .

I For each mark retained by the gating test, the state estimate which

results from the combination of object k and mark q

I X
q 

- + Kk~
ZI( ,q (7.15)

I
I 
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4 where

- Pk
V
k
1

and the estimate covariance matrix

P
q 

— (I — K
k

)P
k 

(7.16)

are updated , where I is the identity matrix. Each of these objects is

processed through the velocity test:

k
inax + CV * V”P

q
(2~ 2) ~~~ X~ (2) 

~ 
— CV * V’~~ (2 ,2) (7.17)

If the object passes this test , then the object is retained in the

updated BEAM DESIGNATION FILE; otherwise, the object is deleted . For

each object retained , set

ND~ — ND~ + 1 (7.18)

arid

DT~ (ND~~ l) — X
q (l)

DT~ (ND~~2) — X
q

(2)

DT~ (ND~~3) — DT~~1
(k~3)

DT~ (ND~~4) — Pq
(l
~
l)

D’r~ (ND~~S) — p (l,2)

DT~ (ND~~6) Pq (2
~2) (7.19)

This is th e end of the processin g for each object , k, which remained
in the CDG algorithm af ter  transmission i— i .

7—12
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If a type 2 strategy is used, the extra steps described in

this paragraph must be carried out for j—2 , i.e., after the second

transmission. Each mark, not falling within an acceptance gate, i.e.,

q ~ 3, is stored in the list of objects retained by the CDG Algorithm

after transmission j .  Each is treated as having been “missed”

on the first transmission. For each such mark, q, set

~
rD
~ 

— ND~ + 1 (7.20)

and

DT .(ND~~1) — R.~~~(q, l)

DT~ (ND~~2) — R~~ (q,2)

DT (ND ,3) — 1

DT (ND ,4) — a 2
i i  R

DT .(ND

~~

5) — 0

DT (ND ,6) — (7.21)
i i  R

When the list DT~ (Z~m) is completed , all entries are range—ordered .

For each t ransmission beyond the second , j > 2 , an association test

is performed on all objects retained in the CDG algorithm to eliminate

redundant entries from the same object~ two entries , Z and in , are said
to be from the same object (associated) if

~T B 1 D < CA (7.22)

where

r~(L~4) DT
I

(2. ,5)1 DT~ (m~4) DT~ (m~5) 1
B — + (7.23)

L~~~
’ DT

1
(Tn ,6) 

L 
DT

1
(m ,5) DT~~(m .6) 

~
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and

- DT~ (tn~1)

D — (7.24)

- DT~ (m~ 2)

If entries ?. and in are associated , the entry with the greater number

o~ misses is deleted or, if DT~(~~ 3) and DT .(m ,3) are equal , the entry

with the greater range is deleted .

7—14
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7.5 DETAILED DESCRIPTIONS

I
7.5.1 ExecutIve Subroutine

I
7.5.1.1 Purpose

The coherent double gating algorithm executive subroutine controls

data flow and execution of subroutines for this subsystem .

7.5.1.2 Detailed Description

The executive subroutine calls subroutines as shown in the overview

I flowchart , Figure 7.1.

I
I
I
I
I
I
I
I
I
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-- _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _-~~~~~~---- - --

7.5.2 Subroutine INIT

, . 5 . 2 . 1  Purpose

On the first transmission, INIT performs the initialization

described by equations (7.1) and (7.2). The array DT1 
is then ready

for update on subsequent transmissions. A detailed flowchart of

subroutine INIT is shown in Figure 7.2.
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SAVE N U t~ ER OF
MARKS (7 .1)

FOR EACH MARK

INITIAL IZE OT ARR A Y FOR
1 I THE MARK (7 .2)

I
L 

Figure 7.2 Subroutine INIT Detailed Flowchart
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7.5.3 SubroutIne UPDATE

7.5.3.1 Purpose

Subroutine UPDATE propagates state estimates from the  previous

transmission time to the present transmission time and imp lement s the

strategy type. UPDATE calls subroutine TESTS to per fo rm the velocity

test on updated sta te  estimates.

7.5.3.2 Essential Input/Output Data

Input

R .(q,Z) range , range—rate marks from ~th transmission

DT .1 (k ,m) object file from previous transmission (j—1)

Output

DT .(k,rn) current object file

7.5.3.3 Detailed Description

For each object in DT~ 1
(k ,m), UPDATE performs the processing

described by equations (7.3) through (7.14) and by equations (7.20)

through (7.21). A detailed flowchart of UPDATE is shewn in Figure .3.

I
I
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4 C~~~~ID
SET MEASUREMENT ERROR COVAR IA NCE MATRIX ,
TRANSITION MATRIX , AND OBJECT COUNTER

[EQUATIONS ( 7 . 3 ) , ( 7 . 4 ) ,  A~D (7. 5)]

FOR EACH ENTRY IN Th~COG FILE , K
-4 -~ 

CO MPUTE PREDICTED STATE AND CO VARIANC E
AND COVARIANCE MATRIX FOR DIFFERENCE
BEfl4EEN PREDICTED AND MEASURED STATES
FOR k- th OBJECT

[EQUATIONS (7.6),(7.fl, AND (7.8)]

FOR EACH MARK , ~ — — —

~~~ 

‘ 1__________________________________
r
COMPUTE DIFFERENCE Zk,q BET1.4EEN PREDICTED

STATE OF OBJECT k A?~O MARK q

[EQUATION (7.9)]

_ _ _ _ _ _ _ _

TESTS/ DO AN Y MAR KS
PERFOR M PATH It

(g
1M~~~~~~~~~~~~~~PA~~

5 

_ __ _

TEST ,~N O
VELOCIT Y TE ST
ON EACH MARK ,

‘10( PATH I)

~~~~~~ MY MISSE~~~~~~5JECr K~ YES
[EQUATIO ~l (7.11)] 

1
>

~~~~~~~

’

~~~~

~~~~~~REr~E~T ~ U~; SET DT.(NO. m)

TO PREDICTED STATE AND OV,~RIANCE
[EQUATIONS (7.12),(7 .1 3),AND (7.14)~

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

/

Figure 7. 3 Subroutine UPDATE Detailed F1 w:~’.a~~:
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I
I
I

STRATEGY TYPE 2? NO
(15—2?)

YES
NO

j  —2?
YES

FOR EACH MARK q e J
INCREMENT ND~ AND SET OBJECT ,
q, IN ARRAY WITH ONE MISS .
[EQUATIONS (7.20) AND (7.21)]

RANGE ORDER ThE
ARRA Y

DT~(L~m)

Figure 7.3 Subroutine UPDATE Detailed Flowchart
(Continued)
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a
7.5.4 Subroutine TESTS

4~ 7.5.4.1 Purpose

Subroutine TESTS performs two types of tests on the marks which fall

within the acceptance region of an object ’s updated state estimate. These
tests involve the choice of obj ects to be retained , and the velocity test.

7.5.4.2 Input/Output Data

Input

Program Engineering
S_y~ ’oL S~’mbol Description

QMA2KS(I) — List of the indices , q ,  of each mark
in RRDOT array which falls in acceptance
region of object k

ZQK(I) z List of differences between predicted
q, k and measured values for each mark in

array QMAR~S( I)

K Index in DT~ 1(k ,m) object file for

current object

VKINV (22) V~~ Inverse error covariance matrix for object k
- 

k

~~(2) x.~ Predicted state for object k

PK(2,2) Predicted covariance for object k

RD’U4IN Lower range— rat e limit for velocity test

RD~ (AX Upper range—rate limit for velocity test

cv CV Constant related to the probability of
a threatening target passing the
velocity test

7—21
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I
7.5.4.2 (Continued)

Output I
Program Engineering
Symbol Symbol Description

NW ND 4 Current number of objects in updated 1
BEAN DESIGNATION FILE

DESVEC(I I NDJ) DT (I,NDJ) Current list of objects in the updated IBEAM DESIGNATION FILE

NJ2 — Number of objects in array J2 I
32(I) 3 List of indices ~ of each mark in the

RRDOT array which falls in the acceptance
region of an object being tracked

1
7-22 
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TESTS

ONLY ONE MARK y
I .  IN GATE?

STORE EACH
INDEX q IN NO

I ARRAY J2 AND YESR ETA I N ALL J—2
- MARKSI NO

RETAIN MARK
W ITH MIN IMUM

I 
z

A

t UPDATE STATE ESTIMATE
I. AND COVARIANC E MATRIX

C EQUATIONS (7.15) AND (7.16))

r DOES UPDATED STATE PASS NOI THE VELOC ITY TEST?
- [EQUATION (7.17)]

1 YES

INCREMENT NDi AND
SET DTj(ND.M) TO

UPDATED STATE AND
CO VAR lANCE

[EQUATIONS (7.18) AND (7.19)] 

~
i1.lP 

CRE~~D
Figur e 7.4 Subroutin e TESTS Detailed Flowchart
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I
7.5.5 Subroutine ASSOC

7.5.5.1 Purpose

The purpose of ASSOC is the removal of multiple entries in the BEAM

DESIGNATION FILE arising from the same object.

7.5.5.2 Input/Output Data

Input

Program Engineering
Symbol Symbol Description

DESVEC( I ,K) DT~ (m~k) Lis t of objects after transmission j .

Output

DESVEC(I ,K) DT (m ,k) List of objects after transmision j with
redundant tracks removed.

7.5.5.3 Detailed Description

Each pair of objects retained by the CDG Algorithm is tested to
determine whether the objects are associated. If they are associated ,

then th. object with the greater number of misses is deleted unless both

objects have an equal number of misses in which case the one with the
grester range is deleted .

ASSOC performs the processing described by equations (7.22) through

(7.24). The detailed flowchart of ASSOC is given in Figure 7.5.

I
I
I
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I FOR EACH ENTRY 2. IN DT~(m~k)

i FOR EACH ENTRY m > 2. IN DT~ II I I

I COMPUTE D AND B, THE STATE
• ESTIMATE DIFFERENCE i I

I I AND COVARIANCE MATRIX I I
OF THAT DIFFERENCE I II [EQUATIONS (7.23) AND (7.24)]

I NO / ENTRIES & AND m
I I ( ASSOCIATED ? > II \~ _[EQUATION (7.22)] / I I

t
YES

I > 

( 

OT~(2.~3):DT~(m~3) ~~~

I I F I

I 
YES
(

DT (Ll)> DT~(m~JY~~ NO 

ml

I 
_ _ _ _ _ _ _ _ _ _ _ _

I
I I ND~*ND~_1 AND I

I I DELETE ENTRY~ 
I I

I I I
— I I I I
I I I I I
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8.0 OBJECT BEAM POSITION ALGORITHM

8.1 PURPOSE OF SUBSYSTDI

The object beam position algorithm computes the UV coordinates
for designated objects and stores those coordinates in the BEAM

DESIGNATI(Z4 FILE .

8.2 GENERAL DESCRIPTION

- Two channels of monopulse data are available which provide object
- angular position (~U and AV) with respec t to the beam center .

The object beam position algorithm obtains object angular measure—

I. merits from the monopulse data for each object that passes coincidence
detection . These monopulsa measurements are combined with the beam UV[ coordinates to obtain object IJV coordinates .

J The overview flowchart for the Object Beam Position Algorithm is

shown in Figure 8.1.

1~

‘-

‘ I
1 
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Figure 8.1 Object Beam Position Algorithm Overview Flowchart
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I
8.3 DATA ~~OW

8.3.1 Input Data

The following data is input from the ALP via the Beam Status file :

Program Engineering
Symbol Symbol Descrip~ion

UI — Beam U index

IV - Beam V index

The follow ing data is input from the Coincidence Detection Algorithm

via the COINCIDENCE DETECTION MARKS file.

MCD — Number of coincidence detection marks
from the current burst pair

C~ (RXS(L ,M) RRR(L,in) Range, range—rate marks from coincidence
detection

R m 1  is range (m)

R in 2 is range—rate (m/sec)

in 5 is the burs t number

— & is the mark index

The following data is input from the Matched Filter Processing Function

via the BURS T 1 MONOPTJLSE fil. and the BURST 2 MONOPULSE file:

REM ES Range corresponding to start of video
data processing (in)

REM RE Range corresponding to end of video
data processing (in)

DEL Range sample spacing (in)

05)1 Ds Range—rate corresponding to lowest
Doppler channel for which video
data is processed (mis)

8—3
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8.3.1 (Continued)

DEN DE Range—rate corresponding to highest
Dopple r channel for which video data
is processed (mis)

DELD Range—rate sample spacing (Doppler
channel spacing) (mis)

UBST1(K,L) Ub 
Monopulse U measurement , beam 1

I
VBST1(K,L) V

b 
Monopulse V measurement, beam 1

1
UBST2(K ,L) U Monopui.se U measurement, beam 2

b2
VBST2(K,L) Vb 

Monopulse V measurement, beam 2
2

For the four monopulse arrays, note that K — 1 at and L — 1 at D3.
The following data is input via the OBJECT BEAM POSITION PARAMETERS

file :

UBEAN ( IU , IV) U U coordinate (sine space) of the
IU , IV beam

VBEAM( IU ,IV) V0 V coordinate ( sine space) of the
IU ,IV beam

8.3.2 Output Data

The following data is output via the COINCIDENCE DETECTION MARKS
file:

CDMRKS (L ,M) — This is the same file listed under
Input Data, with angle data added
to it.

U I — 3 is the U coordinate

V I — 4 is the V coordinate

I
I
I

‘4 
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f 8.4 MATHEMATICAL RELATIONSHIP S

Measurements of angular position are obtained from monopulse data

for each mark which passes coincidence detection. These marks are

contained in the input array CDMARKS .

For each mark the range index k of the closest range sample is

computed from the range mark R

I R - R
1.. K — Integer A ( 8.1)

I
where Integer {j} means the integer closes t to j .

For each mark , the range—rate index 2. of the closest range—rate
sample is computed from range—rate mark R

R - D  )

1 2. — Integer ~ (8.2)

I Each mark in the CDMARXS array contains a pointer, 2.b ’ indicating

- 
which burst (1 or 2) produced the mark. The object ’s U and V positions

I wi thin the beam is then computed as

- 
U (k ,P.)

I A U —  (8.3)
Ub

(k ,L) , i.
D

— 2

V
b 

(k ,L)

— (8.4)
V
b 

(k,L) , i,0 — 2  - -
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I
The U and V coordinates of the beam center , U and V , are obtained

0 0

from a prestored array, based on the beam indices, UI and IV.

The object U and V coordinates are then computed as I
U~~~U0 +AU (8.5) I
V — V 0 + A V  (8.6 )

_ 1
I
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8.5 DETAILED DESCRIPTIONS

8.5.1 Obje ct Beam Position Algorithm Executive
Subroutine (ANGAL G)

8.5.1.1 Purpose

The executive subroutine ANGALG controls the process of computing
object angular positions .

8 .5 . . . 2  De tailed Description

The detailed flow chart of the executive subroutine is shown in

Figure 8.2. The computations follow the sequence described in Section 8.4.

L

L 8— 7
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OBTAIN BEAM CENTER COORDINATE S
FROM PRESTORED ARRA Y

FOR EACH OBJECT IN THE COINCIDE DETECTION FILE

COMPUTE NEAREST RANGE INDEX ,
K, FOR THE MARK [ EQtJAT ION(8 .1)]

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I COMPUTE NEAREST DOPPLER INDEX ,
L, FOR THE MARK [EQUAT ION (8.2)1

I I
I I

OBTAIN MONOPULSE MEASUREMENTS
FOR AU AND AV

I (EQUATION (8.3) , (8.4)]

_
~i!COMPUTE OBJECT ANGULAR

I POSITIONS,
[EQUATIONS (8.5), (8.6)]

I — 1
I I

_ _ _ _ _ _ _ _  I
STORE ANGL E DATA IN ARRAY

CDMRKS 

L 
Figure 8.2 Object Basin Position Logic Detailed Flowchart
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9.0 I~~OWN OBJECT RECOGNITION ALGORITI~(

9.1 PURPOSE OF SUBSYSTEM

The function of the Known Object Recognition (KOR) Algorithm

is to ident ify a target designated by the CDG algorithm as one that is
already in track and thus avoid initiation of a new track on a previously
designated target. The track state may have resulted from bulk filtering

in the sa~~ beam or in a different beam in an earlier scan. KOR Algorithm

is also responsible for identifying two designations of the same object,

resulting from the bulk filtering of two adjacent beams , performed within

less than 50 milliseconds of each other.

9.2 GENERAL DESCRIPTION

The KOR algorithm operates on two state estimates, one provided by
the CDG Algorithm and the other by the Track Function (or by designation
of an object in another beam). The covariances of the corresponding

estimate errors are also available to the KOR. The algorithm consists of

a test which decides whether the two state estimates (of ten corresponding
to two different time instants) correspond to the same object or to two

different objects. Clearly, this test should also use the covariance of

the errors in the designation and track state estimateion.

The performance of any KOR algorithm is specified in terms of (1) the
probability of deciding that the two state estimates correspond to the

sanie object when this is in fact true and (2) the probability of deciding

that the state estimates correspond to the same object when, in fact ,

they correspond to two different objects. While the latter probability

should be kept very small, the former has to have a reasonably high value

so that there is a low probability of initiating a redundant track.

An overview flowchart for the KOR Algorithm is shown in Figure 9.1.
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Figure 9.1 Overview Flowchart of the KOR Subsystem
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I
An overview flowchart for the KOR Algorithm is shown in Figure 9.1.

When the designation sequence in a beam is completed , the KOR Algorithm

is called. The input to KOR consists of the designations made up to that

point , in the current scan of the beam group and the state estimates
provided by the track function.

Each one of the new state est imates in the beam being processed is
paired up with every one of the designations from the adjacent beams
and the track state estimates.

In Figure 9.1 the OBJECT TRACK file contains the track state estimates
along with estimation covariances and estimation t imes of all of the
objects that are being tracked.

The DESIGNATION file contains the designations (states and covariances)
accepted in the current scan. Each designation entry contains a reference

to the beam index in which the estimate was generated. The KOR algorithm

uses all of the state estimates provided by the track functior and only

those estimates from the designations of the current scan that correspond

to the beams adjacent to the one being processed by KOR. This is why

track estimates are stored in an object—oriented file while the current

scan designations are stored in a beam—oriented file.

From the new designations in the beam being processed, only those that

are accepted by the test as new objects are retained and added to the
list of the designations accepted in the current scan. Th. rest are

dropped.

I
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9.3 DATA SPECIFICATION

9.3.1 Input Data

The following data is input from the COG Algorithm via the COG Track

file:

Program Engineering

~y!sbol Symbol Description

NIN NTN Number of objects designated in
the current beam by the CDG
Algorithm after N transmissions

CDGTBIC(K,M) DT~(~ ,m) Range—ordered designation list,
indexed by k.

xA(l) 
a 1 Range estimate (a)

xk (2 )  in — 2 Range—rate estimate (m/sec) V

M in — 3 - Number of misses
in — 4 Variance of range estimate (a2)

P (1,2) m — 5 Covariance of range and
A range—rate estimates (zn 2/sec)

P (2 ,2) in — 6 Variance of range—rate
A estimate (m 2/sec2)

xA(3) In — 7 Angular coordinate U

xA (4) in — 8 Angular coordinate V

The following data is input via the DESIGNA TION file:

NOES — Number of objects in the array DESIG

D E SI G(N,M) — List of objects , indexed by N , designated
in the beams already processed i.n tne
current scan of the group of beams.

x
B
() m — 1 Range estimate (a)

- ~3(2) in — 2 Range—rate estimate (ui/sec)

P3(1,1) in — 3 Variance of range estimate (a2)

in — 4 Covarianc e of range and
range—rate estimates (m 2/sec)

in — 5 Variance of rang~— rate
estimate (m 2/s*c )

9—4 1
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g
9.3.1 (Continued)

x B (3)  in — 6 Angular coordinate U

x3(4) in — 7 Angular coordinate V

LU a — 8 U index for beam of designation

IV a — 9 V index for beam of designation

The following data is input fro— the TRACK FUNCTION via the
OBJECT TRACK file :

NTRY. — Number of objects in the array TRACKS

TRACKS (N ,M) — List of the most recent data on the
objects in track, indexed by K

I. xB (l)  in — 1 Range estimate (in)

- 
x8(2 )  in — 2 Range—rate estimate (in/sec)

P
3(l

,l) in — 3 Variance of range estimate (in2)

p (1,2) — 4 Covariance of range and2B range—rate estimates (a /sec)

L P (2 ,2) — 5 Variance of the range—rate
B estimate (m 2/sec2)

I. xB ( 3 )  in — 6 Angular coordinate U

x (4)  in — 7 Angular coordinate V

I in 8 Time of estimation (msec)

I The following data is input via the KOR PAR.AIIETERS f ile:

• GA)*(A y A positive real. number specifying the
threshold of the x 2 test performed
f or KOR.

Th. following data i. input via the BEAN STATUS file:

ICUR — Index to array entries for current beam

IU(ICUR) Lu Index for beam u coordinate
IV(ICUR) Iv Index for beam v coordinate

- 
TCDG(ICUR) T Designation time for current beam

COG (macc)
L

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I
The following data is input via the MEASUREMENT PARAMETERS file:

I
SIGUV a ,a Angle measurement standard deviation

Li

1
9.3 .2 Output Data

The output data consists of an updated DESIGNATI ONS file for the Ibeam group. Nonredundant designations from the current beam are added

to the file by the KOR Algorithm. The data is passed to the Track

Function and represents the principal output of the ALF.

9.3.3 Parameter Settings

The only parameter that should be specified is the threshold y

Norma.Uy the value of ‘~‘ is chosen such tha t when the two state estimates
used in the KOR test correspond to two different objects and the spacing

of th. two objects is equal to or larger than the average resolution of 
-

the designation and track functions then the probability of deciding that

the two objects are one object is very small. If this leakage probability

is assigned a value of .005 , the appropriate y value is 4 .7 .

I
I I.

9—6 
1

* - ~~~~~~~~~~~~~~~~~ ~~~~~ V - 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

V •
~
,

_ _ _  - 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ __

~~

_

~~~~~~~

• • •

~•



I
I
• 9.4 MATR~~1ATICAL RELATIONSHIPS

The test for KOR is a x2 test of hypothesis. Let XA and XB
represent the pair of state estimate vectors for which the test is to be
performed. Let 

~A’ tA~ 
and P3, tB be their error covariance matrices and

times of estimation, respectively .

The test of the hypothesis that the two state estimates correspond to
the same object consists of comparing the quadratic form

Z 
~ 
(x~ 

— •(tB tA)XA)Q ; (xB~
4(tB , tA)xA) (9.1)

with the threshold y . In the expression (9.1), we have

I — 11
B + $(tB, tA) p ~

T(tB,t ) (9.2)

where • (tB,tA) is the state transition matrix which is uniquely determined
I :  by tB~tA (only constant velocity trajectories are assumed). Therefore, we have

I. I (tB
_t
A) ~

• (tB, tA)  (9.3)

where I is the identity matrix. If

I z > y  (9.4)

it is decided chat the two state estimates correspond to two different

objects and hence the estimat. from the new designation is retained.

Other wise , the two estimates are assumed to correspond to the same object
and th . new designation i. droppirl. The value of y is a fixed input
par ameter .

Ii
1
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9.5 DETAILED DESCRIPTIONS

9.5.1 Executive Subroutin e

9.5.1.1 Purpose

The E~~ CUTIVE SUBROUTINE is basically responsible for reading the
appropriate data from the input files and extracting the pair of designa-

tions which are passed to the subroutine CHITST. It also prepares the V

information that is used to update the DESIGNATION file .
V c

9.5.1.2 Detailed Flowchart

The flowchart of KOR.ALG shown in Figure 9 .2  is self explanatory . Note
that since square beam packing is assumed (in u—v space) and the beams are
scanned each row at a time in the direction of increasing v, the only beams

adjacent to (IU ,IV) for which the designation sequence is completed are

(lu— i, IV—l), (IU—1 ,IV), (lu—i , IV+i) and (IU, IV—l). Each time the x2 test
for KOR decides that the two designations (one of them is from the COG

TRACK file) correspond to the same object., that designation is deleted

from the COG TRACK file. A check is made to see whether the list

has been diminished to an empty list, in which case control is returned

to the ALP Executive.

When the COG TRACK file has been tested against all designations in
adjacent beams and all OBJECT TRACK file state estimates, the remaining

entries in the COG track file are transferred to the DESIGNATION file.
This process updates the DESIGNATION file for use on the next execution
of the KOR Algorithm .

9—8
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9. 5 .2 Subroutine CHITST
4

9.5.2.1 Purpose

Subroutine CHITST performs a x2 test to determine whether two
designations are derived from the same object.

9.5.2.2 Input/Outuput Data

Input

XA~ XB Pair of estimated state vectors

~A ’ ~B Pai r of error covariance matrices

tA~ tE Pair of designation t imes

y Threshold for the tes t

Output

ISAME A Boolean variable indicating whether or not the
test decided that designations correspond to the
same object
ISAME 1 Same objc~t
ISAME — 0 Two different  objects

9.5.2.3 Detailed Flowchart

The detailed flowchart of CHITST is in Figure 9.3. The subroutine

computes the quadratic form given by (9.1), (9.2) and (9 .3)  for  the pair

of designations supplied to it. The quadratic form is compared with y

to decide whether the designations are derived from the same object.

.4
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10.0 M~~0RY REQU IRENENTS

10.1 PURPOSE

This section provides estimates of memory requirements for  the ALP

executive, component algorithms, and large arrays of data . These estimates

are intended only as initial guidelines for development progra ers when
allocating memory resources.

10.2 PROGB.AM SIZE ESTIMATES

Table 10.1 lists estimated program size for the ALP executive

program and each of the component algorithms. The term “program size”

means words of instructions and internal data, such as parameters, pointers,

small arrays, etc. The term “program size” does not include large arrays

of data, such as radar returns, etc. Large arrays are described in

Section 10.3.

Some of the program size estimates were obtained from existing FORTRAN

programs imp lemented on the CDC 7600 . These programs are marked by an

L asterisk in Table 10.1. The estimates based on actual programs may be

V 
excessively Large, since each program was developed for use in a stand—

alone mode, i.e., as a separate execution. Therefore, the development

of compact code was not a primary consideration.

Those program size estimates not derived from existing programs

were obtained based on relative algorithm complexity as compared to

existing programs.

k
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Table 10.1
PROGRAM SIZE ESTIMATES FOR ALP

I
Pr ogram Size

(Decima l Words )

Executive Program 1000

Waveform Request Algorithm 500

Parameter Selection Algorithm 250

*
Marking Algorithm 2500

*Coincidence Detection Algorithm 250
*Coherent Double Gating Algorithm 1000

Object Beam Position Algorithm 500

Known Object Recognition Algorithm 500

V 

TOTAL ALP SIZE 6500

*Based on actual implementations

~1
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I
10.3 ARRAY SIZES

- I Table 10.2 contains size estimates for the large arrays of data

used by ALP. The file names and array names correspond to the
terminology used in the Data Specification subsections for each algorithm.

The values listed for Estimated Array Sizes are based on the assumed

dimensions shown in the second column of Table 10.2. These dimensions
are preliminary estimates and may require adjustments based on operating

experience with the ALP simulation.

Some of the data files listed in Table 10.2 must be retained during

the t ime between processing successive transmissions for an active

beam , i.e., a beam undergoing designation. Data from other beams will

normally be processed during this time. The fourth column of Table 10.2

lists the total number of versions of each file which must be retained

between ALP executions. For example, the BURST 1 M4RKS file for an active
beam must be saved for use by the Coincidence Detection Algorithm when process-

ing burst 2. After completion of burs t 2 processing , there is no further
need to save the BURST 1. MARKS or the BURST 2 MARKS data.

Some type of file management scheme may be required to prevent

the accumulation of large numbers of sizable, unnecessary data files

during a multi—beam execution of the ALP.

The item NBM in Table 10.2 represents the maximum number of beami

which will undergo designation processing during a simulated attack.
This parameter is highly dependent on scenario and beamwidth , and is

not specified in this report.
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Table  10.2

ARRAY SIZE ESTIMATE S FOR M..F

Est imated Total Number
Array Ndines and Array Sizes of File

File Name Dimensions (
~ ecàm~

l Versions Saved

!WRST 1 VIDEO VIDE OL (2 000,9) 18,000 One per active
2000 range bins beam

______ ____________ 
9 range—rate_bins ___________ _________________

BURST 2 VIDEO VIDEO2(2 000 , 9) 18,000 None
Same as VIDEO1 

___________

BUr~ST 1 MONOPULSE UMONO1(2000, 9) 18,000 One per active
Same as VIDEOI beam
VMONO1( 2000,9) 18,000

____________________ Same as VIDEO1 ___________ ________________

BURST 2 MONOPULSE UMONO2 (2000,9) 18,000
Same as VIDEO1
VMOMO2(2000,9) 18,000 None

_____________________ Same as VIDEO2 ___________ _________________

BURST 1 MARKS RRDOT 1(800 , 3) 2,400 One per active
800 marks beam
3 data items

_____________________ 
per mark ___________ _________________

BURST 2 MARKS RBDOT2(800,3) 2,400 , None
Same as RRDOT1

O NCIDE~ CE CDMRKS(800,5) 4 ,000 Ncne
DETECTION MARKS 800 marks

S data items pmr
____________________ mark 

___________ ________________

CDG TRACK CDGTRK (600,8) 4,800 One per active
600 initial object beam
8 data items per

____________________ 
object 

__________ ________________

BEAN DESIGNATIONS DESIC(5OxNBM,9) 450 x MUM One per desig—
50 designations per beam nated beam
NBM active beams

___________________ 
9 data items per design . V

WAVEFORM PAR~~ ITERS B EAM S(IU , IV , 4) 6,000 One
IU ,IV defthe~ 1500
beams

_____________________ 4 data_ it ems_ per_ beam 
___________ ________________

BEAM STATUS 1DF.S(NBIt ) , T1~URST( N B M) , 6 x NBK One

N~PAIR(NBM) , ~;I~UP.ST(NBM)
MUM active beams

oi~ ccr TRACK tRJ KS (23 x NBM , 8 ) 200 x~~~M One
25 objects per beam
MUM act ivm beams

____________________ 8 data itcmR per object 
___________ ________________

L~JECT B EAM UBEAM ( I U ,IV) 1j ~~~ Ou~‘OS ITIuN i’A~~ ri~ TERS V~ EAM ( 1U ,LV) 1~~J0
W , IV daf tnc s  1500 beams

10—4 ¶
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

V 

~~~~~~~~~ ~~~~~~~~~~~~~ -

~ ? A 
1 

~~
‘“ 

~@4!’ r - - 
~~


