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1. IntroductionA

-%Ultitarget tracking is dealt with in numerous "he example or a complement o hypoAhesis methods.

papers over the last ten years. Specific review papers The method used is neuristic dictated by its
can be found in (1] to [3). The main evolutionary path specific requirements and the discrete kind of i.put
has come irom the "nearest neighbor" principle, early data. Not much can be gained from nearby areas such
"branching" procedures to late "hypothesis" generating as infra red scene analysis [141, robot vision [151 or
methods, the latter represented by e.g. [6]. These pattern recognition [161. However, the concept of
methods suffer from excessive computational demands ntraset distance" used in section 2.1 in this paper
even for modest numoers of targets and many do not in- is found in [161, though differently defined. Pattern
clude the most difficult part, the track initiation. recognition mtizods will be of further use in ttie si a.-

A way to reduce the computational workload, though arity correlation process . described in section 3.2.
not commonly used, is to take advantage of formation It consists of recognizing target groups in successive
flying 3ircratts. . recent paper (7] uses an inita- scans. subject to statistical fluctuations due to radar
:-o.ees ,.ised on a -generalPara llel search .tchemc" resol.tion and d~t i . on s-:.

~~~ ro1 kyn b~cts. iowevcr. thne iod covered in folioi..: wcric.
Ls 4dAtch method using 3 to S scans of data and is not
further used in the succeding tracking process. Early 2. The RSAA

* formation tracking concepts can be found in (8] to (10],
withiollow ups in (I and (121. Formations are here The RSSA, Recursive Sem Analysis Algorithm, has
somewhat loosely defined as a set of returns far away been forulated according to four major objectives as
enough from other returns not to cause ambiguity pro- outlined below.
blems. The generality of the initiation methods pre-
sented in (81 and [91 respectively are also difficult 2.1 Groups
to grasp. In [13is shown that the maximum likelihood
solution to track initiation of individual tracks in a The first objective is: find groups of targets.

" dense detection environment is unrealistic in real tins. However, crucial for the result is the choice of group
' The group concepts of these papers should not be definition. It should be consistent with both the

mixed up with the "clustering" used in e.g. (4]. This target formation behavior and the human observer's per-
clustering is merely a way to order the returns into ception of target groupings in a more general sense.
Lnaevendent "clusters" prior to applying some method A heuristic, non-probaoilistic definition is chosen as
for finding jut individual tracks. The clusters follows:
t nemselves al'wot used as tracking objects. Definition: A group is a set of elements. groups or

The approac* is paper is quite different fro n ge tarse os, itaet
the above mention!e .An analysis is made per scan of disne, conIets wth an ma im e te

ditstance. 4. L less than C (<I) times thle
tne received returns based on their geometric inter- distance to its nearest neighbor, ON%.
re.atns only. From thisya large scale view of the
:racking and the data received can be taken. Ultimately where MID - max (dnnA,)
* ne ability of the human ooserver in identifying target il.N-.

I for-ations, specific ECM. patterns etc. would be desir-
- able. However, a first step is taken with the objec- 4 a te numr of targets i t group

. tive make feasible t e initiation and tracking of dnni a the distance oetween t e subset SG and
"" .ares groups of targets. The analysis algorithm devel-

oplms the unique feature of defining a hierarcy of in
* ;roups. This is the itey feature both for its use in SG SG N 1*

.dent.fication as weill. as in the initiation and track- ii i i
in; processes as descried below. The method sets no SQ, can e choen arbitrarily.

4 CL imit on formation size and the track initiation phase
is andled with the same ease as tracking as demons- 2.2 Hierarcy of Groups

-)traced i-n te example. The method is believed to be a
oodansas for mltitacget tracking even in a more Tegopdfnto losaheac fgoprealistic radar environment and with other kinds of The group definition allows a hierarcy of groups

1.4 target oenavior. .kt may either be selfcontained as in to be established. The purpose of this is twofold.
___ _ _ _ _ _ __ First., it gives a structure to a group that can be '.sed
This esearch was contred while the author was a both for pure identification out also for the scan to
Visiting Research Scien *st at the MIT Laboratory for scan correlation. Second. it allows the tracking proc-

nzormaion and Decision stes with partial support ess to adlust the level of tracking to the present ac-
C.0 proide b the Ofice of vl Resace curacy of the tracking. It is not always possible, nor

contract 0,N00014-7-C-0S (,NRO4I-31g) necessary or even desirable, to track every single tar-contract -L -51 ) get individually. This is clearly demonstrated in the
-'L P1 examle.
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2°3 isHowever, other options are available as indicated in
sectiAon 3.1.

The 2mA completes an analysis of the received In the second stop groups are correlated for sum-
radar returns per each completed antenna revolution ilarity. When similarity is low, measures are taken
(*can). During the scan, as the returns enter the depending on the nature of the change. When similarity
radar, the group structure is updated recursively. is high. conttnued tracking is allowed on that level.
This is demonstrated in the example. The procedure if However, the third step checks for the possibility of &
ua follows for every single entering radar return: more detailed tracking.

The third step checks for unambiguity on the level
. A search for its nearest neighbor, UNi. below the actual tracking level. This allows the track-
. A test for the new return to either ing to be transfered to lower levels of the group struc-

. Form a pair With HH. i.e. a new group ture a the tracking accuracy improves. This is of

. Be included in the sam group as N particular value in the track initiation phase as

. Be included. not iri the saw group, but demonstrated in the example.
in the Supergroup of H, etc. 3.3 Dynamic Scene Analysis

An analysis of the influence on the existing
group structure by recalculating t K and To better deserve the title *Dynamic" the struc-
DI for affected groups. This can lead to ture parameters of the tracked groups are monitored-
either over a period of times mor than two scans. Parameters

. Forminq of now groups such as the nuber of returns and the exact geometric

. Dismissing of existing groups. structure of the subgroups are subject to variations
due to radar detection probability and resolution. The

2.4 Group Data Organization rang. and nature of these variations should be known if
proper identification of the groups are to be done.

The group date should be organized for computa- The geometric structure is of course also affected
tional efficiency. This means t.hat th data should be by formation changes. By mniAtoring structure para-
chosen to specifically support the recursive schem den- ameter changes, in relat.on to the expected variations
cribed. No more date should be stored than am fre- due to the radar measurement inaccuracies. formation
zuantly used or ae co utationally burdensome to changes may be detected before the formation elements
retreve. The data stored are for each group: are possible to track individually.

Three group levels are of particular interest:
. Number of targets in group . Tracking levels consistency in similarity
. Group level correlation paramters.
. Group center coordinates . Lavl above tracking levels preparation of

* . Mi index its use when conflicts arise on tracking
. 0604 level.

RM . Level below tracking levels monitoring out-
. Supergroup index breaks and group splitting.
- Subgroup indices

Some tracking logic 4. Eemple

3. The RS in. uti ?s"gmt Tracking The ideas presented above are demonstrated on a
track initiation ase with 32 targets flying in form-

3.1 General tion as shown in igure 1. rigure I shows a cartesian
north-east coordinate system with two groups of sixteen

The result of the PM is correlated against he targets, each of which consisting of four groups of
targets in the track file. Correlation is called four targets. Zach four-group consists in turn of two
ambiguous if two or more objects (groups or single groupe of two. Distances between group mers are an
returns) appear in the correlation gate of any of the shown in the figure. ALl targets are going south with
tracked objects. The basic idea behind the use of the a speed of 200 u/s maintaining the formation shown.
RSAA is to keep the correlaton aftiquities as few a The targets are observed by a radar making one
possible. This is achieved in two ways. An object scan, from vest to east, every S seconds. Thus, all
may be disatinquished from another by mrans of its Site targets move lOm between scans. To demonstrate the
and structure in what is called the similarity cor- basic ideas without too my details, ideal radar detso-
relation below. If this is not enough tracking is tLon, accuracy and resolution ae assumld.

- tried on a higher group level. However, alternatively
* (or complementary) hypothesis base methods can be 4.1 The ASA&

applied to the ambiguous correlation problem with the
big advantage given by the MAM that were reoccuring The perfornance of the MA is demonstrated in
groupstructures can be found these can be tracked as figures 2 to G. As ideal radar performance is assumed,
single objects, thus reducing substantially the number identical results are obtained from every scan. Only
of hypothesis necessary. absolute position coordinates are changing, due to the

speed of the targets.
" 3.2 Correlation and tr.ac~kn orocedure Figure 2 shows the group of two formed when the

first two returns am received. The third return has
The correlation procedure used is in tree taeps, a distance from the previous group which exceeds what

First the predicted group and target positions on the i required to be included in that group. The constant
S tracking level of the trackfile are correlated with C, from section 2.1, is cboeen to .6. Instead a new

the grZOp centers of the ISM on the corresponding group is formed with the last return and the previous
. level. If the correlation is namiguous the procedume gzoap as subgroup*, as sbovn in Figure 3. The fourth

advnces to the second and third step for continuation reTurn. as shown in figure 4. forme a group of two with
of trackin an that level or on a lower Level. If an the third retun Within the existinq supergroup end not

a'iuus correlation aris, an unaigus correlatio affecting the first group of two. The fifth return

is s~gt on a hiloer level in the first place. results in a new supergroup being formed with the fifth

A2



. t,- t ad the previous group of four as subgroups, as L-t S. Conclusaons
* show in figure S. How four levels of groups have beenfo red. Figure 6 and 7 show another case where a new The paper .IIprested a radar scene analysis

K subgroup is formed within the highest level group but algorithm. It toaeeasily~w cope wihtrack
only affecting a pact of the group structure. Figure 8 initiation of a large femation of aicrafts, a problem
shows the final result of the ISAA with five groups giving previous methods big problems. The method is
levels. believed to be a general multi target trackn tool

but further work m t be done to include a more reals-
. 4.2 Correlati:on and Traecking tic radar environment and other kinzds of target

. • behavior.
' Figure S shows what is seen by the radar atr It

fchosen level of detafil -e the envelop of the highst

group Level and its center of gravit'y are shown int 1) C-3I. Chang and J.A. Tabaczynsk., "Application of

figure 9. After the second scan the same return data State Estimation to Target Tracking," IEEE Trans.
struct re is found by the BSA but traslated 1O00m to an Automatic Control Vol. AC-29, pp. 96-109.
the south. According to the correlation procedure ex- Feb. 1984.
plained Ln section 3.2 a position correlation is first (21 X.R. PattiVati, U.S. Sandell and L.C. Kramer.
tried on the highest group level. The correlation gate 0A Unified View of NuLti-,bject Tracking." Proc.
at the second scan consist primarilt of a circle of of the fourth NITACUR Workshop on Distributed
radius T.v m (T-scan ties and v ,xtarget amsum speed) Information and Decision System Motivated by C3

* ~ a aihist Problems, Vol. 1.* pp. 116-135. MIT LIDS Reportcentered a the first scan group center. wti t No. T R . Oct. 1.
circle a nonup s e o rrlation with t. e ih3 . Thor. *methods for Automatic Track Initiation

• group from the second scan is made. The xstep inan Return-to-Track Association. A Literature
the correlation procedure, the similarity correlation,* gives a perfect ,mat, between . s Review." Swedish Defense esearch Institue,
dies to perfel mac bet ondi th attwo groups .uhisis Linkoping, FOA Report No. C3QL999-E1, Aug. 1980S d ut to te d al a s ueme nt ond t ons a d ha t o (n S wedis ) .
celative mtion has taken place within the group. These (41 Swed., . (41 0.l8. Reid. "An Algorith for Tr'acki ng Multiple
two steps of correlation havv now proved the identity
,f .he observed groups at the highest level and thus aC-es, pp. 835,s. At = . e

[6 ."::acking is allowed. First, however, posi.tion correla- A-24. pp. 843-854. Dec. l.7 ." ton is tried on the Level below. Thi correlation 51 Y. Bar-Shalom, "Tracking Methods in a Multitarget
. Environment, IEEE Trans. on Automatic Control.

* fails to be nonabiquous. Both groups of the second Vol. AC-23. pp. 618-626, Aug. 1978.
level (groups of sixteen targets) fall within the cor- -
relation gate, no matter from which of the first scan (61. 3.5. Delaney. A.. Slitx. A.S. Vilky and J. un

grous te coreltionis ried Ths trckig ~"Tracking Theory for Airborne Surveillance Radan,"
groups the correlatin is tried. Thus tracking stays ALphatech Report No. TR-L42, Feb. 1983.
on the first level. The result is shown in figure 10. (7) C.S. Chang and L.C. Youens, "An Algorithm for
The Length of the velocity vector is chosen to show ltiple Trg. Trackinq and Dsta Correlation."
the predicted position of the center of gravity one MIT Lincoln Laboratory. Technical Report 643,
scan time ahead. 1963.

Tracking is performed with two regular. ucoupled, (61 3.H. Fled, "Tracking of Formation Flying Aircrk.*
non-adaptive Kalman filters. one for ed coordinate. Rec. I= t of Lonon Oct. 197 .
The covariances of the Kalman filters are used to deter- Rec. XE Int. Radar.Cof. london. Oct. 1977.
am. the corelat.on gates in the usual way. The (91 G. amins, "Computer Controlled Tracking in Dense
metin f the s co re t essi t usualay. The Tet nviro t Using a Phased Array Antenna."
adt of thes are o rt essential to the present case, R. I n. R Conf., London, Oct. 1977.

rand not tht here. Iorant, ho wver, is th e neat l [101 Z. Taenzer, "Tracking 4uLtipeL Targets SimuAta-
prop y tt e o s and thus the oelatonneously with a Phased Array Radar, As 77
gate, decrease with increasing scan numbers. Theyshington, D.ChSed 1977.
decrease from the initial values to reach a steady state RIL .Ta inz, Tck.ng pL e ts SS a -

* plateau determined by the target maneuver and masure- neously with a Phased Array Radar," IEEE Trans.
ment accuracy parameters. The result of the decreasing on Aerospace nid Electronic Systems. Vol. A .S-16
correlation gate is shown on the third scan. o; 60-1Sept L990.

At the third scan the result of the RSM is cor- pp1 . 604-614 'Th Sep t. o 980.gPocdueo
related against the predicted positions of the track [121 G. in "The Fretion Tracking Procedure for
tile. First, again, the correlation takes place on Tracking in Dense Target Environmnt.," AARD Conf.
the tracking level. ere, again, the position corla- Pro.N. Mo 22. G.. 1976.

(1on31 J.D. ilon and G.V. Trmn, teitaatiton of Tracks
tionis onaiueu and he imilrit corelaionin a Cense Detection Environment, * AGARD Conf.

shows a perfect match. movever, in the third step of Po 0 232 Oct 1,78.F, the correlation procedure the groups on the Level be'ow Pro. o. 252, Oct. 1976.
th e racking level also correlate wabigususly due o (L4] P.M. Narea". B. Westover and D.P. Panda.
the saller c orelalo atte. As the smbiury cor- Advanced Target Tracking by Dynamic Scene Anal-
celations show a good match on this Level also. the yso " SPIN, Vl.* 219. lectr-o-p cal Tecnol9 .

tracking is transferred to this Level. This is done for Autnodus Vehices. pp. 146-155, V1960.
prior to the filter update. The velocity and coy- (153 .i. Bcalard and C.N. Drown. "omper Vision,"
ariance data of the tracking level are given to the Pretice all * a9i2.
subgroups and their filters respectively. This results (16 n e.T. ,u and i.. onales, "Patten Ron
now in the tracking of the two group of sixteen Pricples. ision-Wesley, 1974.
targets as shown Ln figure LL.

In the sam way the tracking accuracy has improved
* on the fourth scan to allow unamiguous correlation

and trackinq of the groups of four, as shown in figure
12. In the following scans the increase in the track-
Ang accuracy is not enough to permit tracking on even
lower levels. Fiqure 13 shows the repeated tracking
of the groups of four.
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