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(54) Title: METHOD FOR ASSOCIATION BETWEEN TARGET
(57) Abstract

Method for association between a first
target track (D) and one of a group of target
tracks (A, B, C), in which the first target track
(D) is compared with each of the target tracks
(A, B, C) in the group of target tracks, and
in which calculations are performed, in each
comparison, relating to movement between two
positions (Ao, Bo, Co; Do), one in each of the two
target tracks compared, in which calculations a
given maximum number of changes in course
and changes in speed within given maximum
limits is assumed to have been able to take place
during the movement, and a known parameter
for the two positions. is allowed to vary and
other known parameters are kept constant, the
calculations that are performed relating to a
maximum and a minimum value which the
parameter that is allowed to vary may assume
in order for movement to be possible between
‘the two positions, and if the known value of the
parameter that is allowed to vary lies between
the calculated maximum and minimum values,
allocation is performed.
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and is perforned on the basis of a nunber of consecutive

measur enment wovea7isdii ch are hereinafter referred to as 30 HET/SESS/Q1T34
Target tracking provides information about, for exanple, the speed,
course and accel eration of the target. This information i s obtained
"wWith the aid of cal cul ati ons which are perfornmed on the basis of a
nunber pfrge®nsecuti ve detections of the target concerned. A 35

pr obl em \r,\?y arise in the calculations if nore tgl% one target is

| ocat ed WPt hi n YHEODRAR ASSOGINTIONPETWEEN, TARGRT TR\ sensor. The

problemlies in the uncertainty about which néw detections are to

be considered t PRAL PTREDEH existing target tracks. 40
2 Thi s p%gﬁlgm can %e sol ved by so-call ed, associj ati on, whic

is often perfBRecBresant; ipvestigas has dtisimainappiycation yﬁrcgégt e
Correl ation usug}éyqCerSisensotls an®trelatés to a metlsdi fbRJakBecdegiem

of probability that a new detection 5 bel ongs to _an exjstinag.target .
track. CGh0t he URRFEeBR { Hfracks P%sul’f‘m&ngheq&%??‘é??ﬂ?ﬁ : tcﬁ‘%%cé r 10
detection can tp&ptbeular whan cxapadseto msyi vecuexedt ibepwemmether &alrget

A conventi onal geibpd [of 3330¢hTbhORLDHGISGH £ 86 hBpersormea.

STATE OF THE ART:
15 ‘Certain types of sensor, for example search radar systems
_or surveillance radar systems, do not measure the position
of one and the same measurement object constantly but
instead measure at discrete times the positions of a
plurality of measurement objects within a given area or
20  volume. In connection with this type of sensor, it may be
' desirable to obtain information about where a measurement
object will be located at a point in time before the next
measurement time, in other words it is desirable to be
able to predict the position of the measurement object,
25  the target, before the next measurement time.

Such prediction 'is often referred to as target tracking

and is performed on the basis of a number of consecutive
measurement times which are hereinafter referred to as

30 = detections. Target tracking provides information about,
for example, the speed, course and acceleration of the
target. This information is obtained with the aid of
calculations which are performed on the basis of a number
| “of  consecutive detections of the target concerned. A
35T '.'_“:""'"ﬁi:bbl'em “may arise in the calculations if more than one
' target is located within the area or volume scanned by the
‘sensor. The problem lies in the uncertainty about which
" new detections are to be considered to belong to which

existing target tracks.



10 correlation stage where the targets that are being tracked wi ||

be | ocated mwogrexBsati ne they are detected, after whi ch PCT/SES8I0ET 4
target is allocated the new detection that lies closest to the

predi cted position of the tracked target. 15 There are a great
many net hods for obtaining inproved © r2liability in association on
the basis of this fundanental principle. One way is, with

reference to t@bis problest cdet bet s9lyesi byosootad ledagiesecimtgan, rhich
create an 20 gl mﬂft’ﬁi{y 5é £ Phed 0! EHE Wnddi ”si‘."é]é%@, | t cbpre98tidar €ng
be possible for t e

that it wll ) e tracked target to" b | ocated at_the
next detecti onalAogakiger-eGomrelrioni ysually cangist ot wht AEFhOS £ ea

or volume is ahb@%%hﬁ‘i'xﬂrfg(tetg& degred 0¥ dHay 8ty AN nEhi et ddtich

the basis of a, 2 tra target, to initiate n e of
al t er nat Pve beic’ﬁgécl&", %‘b-%ﬁ%?gﬂnﬁyﬁéﬂfﬁ&ﬁ Ha‘i)?‘aci%,gg% %F‘ﬁé‘? Sf Fhe
| at er st ggeulle iof etie gaderahathonl, the mewtdetectionr aaks then be

corresponds nos |l osely .,to a given new detecition The problemwi th
associ ation be?&&%ﬁ:a%%ﬁy&é} étt9ond a?fﬁlsgl}’g %é?g?Fnig-ggg%{get tracks is
rendered even nore difficult if t he sensor used has nmade a pause in

[he "% 19, b Bopyept i iARE ot Wik dlgp £ led b eee I gl
during LRe pauSerrelfdignstagaiwhen bhrtanges that mye being frackad.
The nethod desghinhedbaboveated e Uhakitndkime they are detected, after
which a tracked target is allocated the new detection that
lies closest to the predicted position of the tracked
.target.
15
There are a great many methods for obtaining impro'ved
reliability in association on  the basis of this
fundamental principle. One way is, with reference to the
last detected positiqn of a tracked target, to create an
20 .. imaginary area or volume within which it is considered
"that it will be possible for the tracked t'arget_ to be
located at the next detection. A new detection which is
carried out within this area or volume is allocated to the
tracked target. Another method is, on the basis of a
25 tracked target, to initiate a number of alternative
tracks, so-called hypothetical tracks, in order at a later
stage to investigate which of the hypothetical tracks
corresponds most closely to a given new detection.

30 ‘The problem with association between new detections and
~existing target tracks is rendered even more difficult if

. the sensor used has made a pause in its scanning of a
given area or volume. It has not been possible for the

__ - target tracks that were located within this area or volume
35 during the pause to be updated with new detections during
the pause. The method described above for calculating



3 possi bl e positions for targets after the pause then | eads to
unr easonabl ywbawgeirzar eas for the possible positions. In POE/SEAsrR1 ALY
t he net hod using hypot hetical tracks | eads to al together too many

al l ocation possibilities. 5 Eur opean Patent Application EP 607 015
descri bes a net hod for associ ati on begween a new detection and an

exi sting target track with the aid of the first of the nethods

descri bed above@osgiblidheposbtilsns nfor naargetsbafitdrhech) pauge evhemsleads

novenent of the taragef is t edj V, Lt hi 0. whj t
new position 01%0[ i efrsgoerfa%iég ]bag?é)é adllé:és =i o%%%ng é’gﬁ?\#ﬁg%%'}%\g{)ﬁgn l@ﬁ
660 134 descri lbhe ssame hwdy, the methadicksimgahypotbetdcalarkpacks leads
si mul t aneously T t fh Qgi,u 3 | 0} 10 4 t heti cal
tracks, in to %?i%%%tf%é%c%%? I'n tgs?ﬁgagé%%%rbﬁg%%wmt hods

descri bed above. DESCRI PTI ON OF THE I NVENTION: 20 The probl em
that is solvedpyddpddif Patewt APSLPEREEBh EP 607 MEIddlti fHhédad Méthod
obt ai ning i nproved reliabil |,t¥ I n associatfion ip connection wth,
target tracki ndof t#SERELIation Hefwsenscashey qetechieRupIA AL RXLEFORY
carried out tarcdt etracRaugith nthee sidnvifngthy Fivetsosf ofthe gnethodsea

25 or vol UM escribed above, in other words information about the
10 previous movement of the target is used to predict a

volume within which the new position of the target may be.

European Patent Application EP 660 134 describes a method
for tracking a number of targets simultaneously. The
i5. method includes the formation of hypothetical tracks, in
. principle according to the second of the two methods
.. described above.

. DESCRIPTION OF THE INVENTION:
20 . The problem that is solved with the aid of the present
| invention is that of obtaining improved reliability in
association in connection with target tracking with the
aid of sensors, in particular association carried out
after a pause in the scanning by a sensor of a given area
25 or volume. |

According to the invention, this problem is solved by, in
.contrast to previously known methods, not attempting to
-perform association between new detections and existing

30 - - target tracks. In the method according to the invention,
- NEeW - target: tracks are  instead initiated after a . pause,

. which new target tracks are each compared with the target
tracks that existed before the pause for the purpose of

- béing able to perform correct allocations.



According to the invention, this problemis solved by, in contrast- to
previ ously kyowwyireshods, not attenpting to per for m ass QI E$E801714
bet ween new detections and existing 30 target tracks. In the nethod
according to the invention, new target tracks are instead initiated after
a pause, whi ch new target tracks are dach conpared with the target
tracks that existed before the pause for the purpose of being able to
perform correcth‘[ﬁ:i,ocaﬁ.honS;héBS association method according to the4q

Wien, in the ; A3SAC Gk Ogdné'@tﬁﬂ %eé ?95@!:”9.5 om Ptarl‘:'ed with 'JB’@W:fOE‘hea

new tar get trach I's conmpare et tracks
exi sted before ﬁ%%u§€a°19§eth§trrﬁéfé5ted bQﬁmehethﬁcPaPﬁ&tr LS a"rsn 'made

paraneters of tdye ¢jé 9fhctr RBlt c:@rtalqpfﬁ@fﬁﬁb@é@skf}@%hes%arg@c PeraERsi N
time, positions courses and s .basis of,certain

assunpti ohs, c&RALEY8LE, known, EBF or%dpw‘ﬂtéac*f‘c S REBLITEPRET ng
to novenent 10 coudmds\egmdtspedsitions, one in each of the two target
tracks conpared. The assunptions that are made accordi ng to the

i nvention are that a given nmaxi mum nunber of changes in course and
changes in spe@h withie gbashsned neertain aabumptdiemshavealakdéatpbase are

during novement, HeiyErNein each comparison, relating to movement

10 between two positions, one in each of the two target

tracks compared. The assumptions that are made according

to the invention are that a given maximum number of

changes in course and changes in speed with given maximum

values can have taken place during movement between the

15 two positions. In the calculations, one of the known

parameters . for the two positions is allowed to vary, while

other known parameters are kept constant. The calculations

that are performed relate to a maximum and a minimum value

‘which the parameter that is allowed to vary may assume in

20 . order for movement to be possible between the two
positions. '

If the known value of the parameter that is allowed to
vary lies between the calculated maximum and minimum

25 values, the new target track is allocated to the target
track with which it is co:ﬁpared. |

If, in accordance with the principle of the invention
o described above, it is possible to perform more than one
30 ~ allocation, the allocation is made that is considered to
.- indicate the smallest change with regard to the speed

© and/or course during the movement.

Every sensor has a certain measurement inaccuracy, due to
35 which the parameters that according to the invention are
kept constant are nevertheless allowed to vary to an



15 two positions. |In the calculations, one of the known
paraneters {(ao9d/i¥g34d Wo positions is allowed to vary, while PCT/SEIBO1714

known paraneters are kept constant. The cal cul ati ons that are
perfornmed relate to a maxi mum and a m ni num val ue whi ch t he paraneter
that is allowed to vary may assune in 20 sorder for novenent to be
possi ble between the two positions. I f the known val ue of

t he paraneter ghéents thdtowkd idefined byr phe exdminement hinegcvragyedof
maxi num and nigénugbgtor val ues, the new target track is allocated to the
t ar get trFack W th which it is conpar ed. “If, in accordance
with the principle of the invention descri bed above, it is possible

to perform norgnut f&ari?:%‘.f‘eﬁoed efibbaSAkheN off ehél { RFEhtL 081, S thRdendidthens

considered to ndicate the snallest change_ wth regard to the speed
and/ or cBurse 8éReng itheotRRENEArds the tims Jifferencenhetyegn, thg, two

nmeasurement i ngegikdons ¢dmgaretd, is Whelkrdvh priramiters dhwd iaralrbwedt o
the invention are v MePinSoRiand" S ASUSR ShERR 2 OU5E (Rideds
that is allowed to vary are then the longest and,
respectively, the shortest time that the movement can have
10 taken between the positions compared. If the movement time
lies between this shortest and, respectively, longest
time, the new target track is allocated to the target
track with which it is compared.

15 . As target tracks are built up on the basis of a number of
detections, the method according to the invention means
that it will be possible for attempts at comparison after
‘a pause to be made ohly when a number of detections for

_ one and the same target have been carried oﬁt_after the

20 pause. This delay . can nevertheless be considered to be
‘compensated by the increased reliability that is obtained
-in the association, and also by the fact that the delay is

"in most cases negligible in relation to the duration of
the pause.

25
- DESCRIPTION OF THE DRAWINGS: )
The invention will be described in greater detail below
- with the aid of examples of embodiments and with reference
to the appended drawings, in which:
30

.Fig. 1 shows the principle of target tracks before and,
respectively, after a pause,

Figs. 2-4 show the principle of calculating the shortest
35 - and longest movement time during the pause, and

A\



5 extent that is defined by the nmeasurenent inaccuracy of t.he
sensor. wo 994138 preferred enbodi nent of the invention, themsesswens 5
time, in other words the tinme difference between the two ~ positions
conpared, is the known paraneter that is allowed to vary. The maxi num
and m ni num val ues for the paraneter - g¢hat is allowed to vary are then
t he | ongest and, respectively, the shortest tinme that the novenent
can have 10 riigkes bet vigenat fdowmoscharts ofonpamethotf ddundiveyetd thhee

| ies between this shortest ngﬁggespectively, | ongest time, the new
target track is al | ocat ed 1o ¢ %hrget track with which it is

conpar ed. 15 As target tracks are built up on the basis of a nunber of

det ecti ons, th?Rﬂ?&ﬁﬂiDa%ﬁﬁﬁﬁfﬂhﬁf%J:he i nventi on neans that it wll

be possible for attenpts at conparison after a_pause to be made only
when a nBrber BiddefleshPyisanoprea whighe igngceppesay ©aBGRENaydhddHs

carried out afggemphari0embdisfentild seletaly sadapewer bieveillbaceonsidsts ed
to be conpensat e

by the ingreased reliabjli that is_optajned
in the associ af¥8Fe™andtal PR+ 8-ﬁ%ﬁ?ﬁ?éu°?ﬁethéFa&$%;Eﬁcg %bﬁ%miﬂe
CDE%?:SR | g$lgylcji\lgicjlgé$empla&hratémdméﬂne ghosts oan ohrea ITnd haopausevolRéme is
' jon S .
greater detaiI5655&£BQ¥%PE§§ftﬁa#ﬁeIgfdég¥gg§§ﬁng? gFggﬁggd§%%§¥§lg%dﬁﬂtf1
ref erend® theo inwenipiemded sdr dveing, suibehbleh: £60 use with sensors
which scan a volume.

It can be seen from Fig. 1 that the radar system has made

a pause in its scanning of the area. The pause occurred

15 - between the time t=0 and the time t=t;. Fig. 1 shows three
target tracks A, B and C, and a fourth target track D.
Target tracks A, B and C were made before the pause, and
tdrget track D was initiated after the pause. Possible

. ‘movements during the pause are indicated by dashed lines
200  in Fig. 1. The pause is assumed to have been a pause which
is-longér than that caused by the usual scan rate of the

radar system, but it cén also, of course, be the pause

that occurs during the usual scan rate of the radar

system.

25
One task of the system to which the radar in the example
belongs is to investigate whether target track D should be
allocated to one of target tracks A, B and C which existed
before the pause and, if so, which.

30

80 as to be able to. decide whether and, if so, which
allocation should be performed in situations such as that
shown in Fig. 1, a number of assumptions are made
according to the invention with regard to the

35 = possibilities of the targets A, B and C for movement
during the pause. v,



Fig 1 shows the principle of target tracks before and,

respecti Vel ky Q@hﬁf4a pause, Figs. 2-4 show the prInCIﬁtﬁGQ§&mrn4
cal cul ating t ortest 35 and | ongest novenent tine during
t he pause, and 6 Fig. 5
is a flow chart of a nethod according to the I nvention

PREFERRED EMBODI MENTS: 5 Fig. 1 shows an area which is scanned by a

segsor, i n thisphe alss Eﬁﬂbgb)gmadbod'lelml‘ﬂe &cﬁ&ﬁfwhndx@_flaéhm%éslriﬁi tbarse

r adar syste t _shoul e 0 at _the fact t

ol ary emboctTRIehEndne Ah SpeBd A Eaaghha. ERtabt nhhe' SghlfBreg ta.
sake of clari tyhaveemmmwdumg)r theg paud®, anthealswenakémua stalweésgof

Sultabl e for USEndbL" GRS in spONChREMAnfld T course. | AR

seen fromFig dar sys PEm has e ause
scanni ng ®f t heexemplaricephoddmentushewn,s it ifotarsume etltlaheoneocaﬁagtehe

time t=tR Fig.i] e5@¥P8et Bh@Cone change in speed could take place during
the pause.

The numerical values for the maximum change in speed and
10 the maximum change in course which it is assumed could
take place during the pause are not of major significance
either for the invention or for this description and will
therefore not be discussed in greater detail here. A
suitable method of setting 'these numerical values,
15 - however, is to start out from the type of target that is
being tracked, for example vessels, aircraft or cars.

In the preferred embodiment, the same values for maximum
- changes  in speed and changes in course are used for all
20 .. targets but,. in an alternative embodiment, it is also
- possible to make use of individual values for each target.
‘These individual values can then suitably be set with the
- . aid of knowledge possessed about the target, for example
on the basis of the behaviour of the target during the
25 time it has been tracked, or knowledge about the target
_obtalned from external sources. Examples of such external
sources may be other sensors, aviation control systems

- ete.

30;...0On the basis of the assumptions made about the changes in
.course and changes in speed which a tracked target may be
 considered to have made during the pause and the knowledge

; possessed about the positions of the respective tracked
-.-target, a shortest and a longest time (T,;,, T..) is
135; .- calculated, for each of the target tracks that existed
-before the pause, for the movement between two positions,



target tracks A, B and C, and a fourth target track D. Target tracks
A, B and C wpp99sdg before the pause, and - target track pCmEsESS/01714
initiated after the pause. Possible novenents during the pause are:

i ndi cat ed by dashed |ines 20 in Fig. 1. The pause i's assunmed to have
been a pause which I's longer than thag caused by the usual scan rate
of the radar system but it can also, of course, be the pause

t hat occurs dut;m&g-et h@nesqmsmra‘se a)f pbbetn.aatarwhlch exjisited 28 the
One task of the s h X | Qisor

to |nvest|gate gfv{ear%\ge%&% EaB sho #%t% Eng Eimﬂas(ne oaé%ctleghtgo one do?
target tracks QpSBta.ml Cighixhpegities in thﬁef'@ﬁlég?ﬁetﬁélﬁ% whkh whigh

whi ch. 30 d
I C Fgl%b stedr}} X m@?ﬁfé& R da it vasklis ltfhés%aﬂ/&léﬂl Rrack

al |l ocati on shou i n S|tuat|ons such as that shown in
Fig. 1, & nunbeha@fﬂiﬁmﬁﬁﬁﬁ%ﬁﬁﬁ raf @ ethe Paugeeording to the
inventlon wth regard to the 35 possibilities of the targets A B
and C for novenent dur,i n ause.

7 The aTB&nFCoROSHES STsoW SRty Calg ationg asgording

and changes i ntepeetea h.m@nmidmrgmtn,rra;bﬁnmdﬂqnsmimaddng), be selected
arbitrarily from the positions contained in the respective
10 target track before the pause and in the target track
which was initiated after the pause. In the exemplary
embodiment of the invention shown here, however, the
positions corresponding to the 1last detection in the
target tracks that existed before the pause and the first
15. - detection in the target track that was initiated after the
pause are used.

~In Fig. 2, crosses indicate the positions 3, and D, which

are used in the calculations for comparison between target

. 20 - tracks A and D according to the invention. Positions A, and

:. Dy each correspond to a detection of the respective target.

Position A, is drawn slightly before the pause began at

- time t=0, which is due to the fact that the radar system

performed -the detection corresponding to position A,

25 sllghtly before the pause began. In the same way, position

' - D, is not drawn exactly at the time t=t; when the pause

ended, which is due to the fact that, as was explained

initially, a target track is initiated only after a number

of detections and to the fact that the first detection in

30 - target track D did not take place exactly when the pause
L7 ended.

' *'Also shown in Fig. 2 are the two movements E.(A) and

" Bun(A) for target track A which, taking into consideration

35 'the abovementioned assumptions about the possibilities of
a target for movement during the pause, will take the



have nmade during the pause, and al so maxi mum val ues of t hese changes
in speed andyelenelds in course. In the 5 exenpl ary embodi npoT/SEY8¥T14 | t

i s assuned t hat one change in course and one change in speed could

t ake pl ace during t he pause. The nunerical values for the
maxi num change in speed and 10 t he maxi mgn change in course which it is
assuned coul d take place during the pause are not of major

significance 1ongésthandforespecitivelyi,ortiny dhortdst timer Epri Dovement
wi | t heretore not _be, di Scuss i ogr t@il here .
suitabl e met hodP® w?%?t?ﬂ%ltzgggg %‘h%glrdl (@AT Dga %{é%ggl e e takes the

however ,
start out fromshertgst dfimens g%}, (Akt is the mowementr aekbll, asoreariplae

vessel s, aircraf caLs t eLr I gRN | ues
for mexi mim . cropnue Th-spesd afld'3F B1Gu°H EAEAT ¥ bnahdp BONR . e
targets b&t, inpassibleer MovementibBai@nt which staked the lorgesy| &ime,
make use of indgvi | val epch, t i Alesanhed Widnalasvalayqs
can then suitab V“ggﬁéé%éﬁ#§ia%ééﬁ fgi% %?ﬂﬁﬁgafggééapéggggsedlabouf t he
target, for exadplchange ign spRedaand odst kdPdhadi hange t kB tEAYese as

during the 25 LokkiB1bl hahebeadthen@Sbar’ &forhRaecoabost t Reke 9dwo
obt ai ned from external souyrces. Examples of such externa

| . sqQur ces ,hay
be other sensor¥elatignpBaPeontsol NQFst & majoret%+gnl§hcaﬁﬁethSOEasi &f
t he assumpti onsifedatabauandhdschiegefore omittedufsemabiishdegeriptisomeed
whi ch a tracked target may be considered to have made during the
pause and the know edge possessed about the positions of the
respective trackmdorder to investigate whether target track D should be

allocated to target track A, a comparison is then carried

. out according to the invention between the time AT(2,,D,)
15 which has elapsed between positions A, and D, and the time
interval which is defined by T,,(R) and T,,(A). All the

times that are used in this comparison are, as has
emerged, well-known for the system of which the. radar

forms part. The comparison carried out according to the

20 -.invention can be summarized by the following mathematical
condition:
TonEATZ T (1)

25 “which with the designations according to the case shown in

Fig. 2 becomes:
Tonex (A) ZAT (Rg, Dy) 2Tyy0 (A) (2)

30 If condition (1) is satisfied, it is considered according
~--t0o . the - invention that  the new target track should be
-.allocated to the target track with which it is compared.

~: Fig. 3 shows, in a manner corresponding to that in Fig. 2,
35 the two positions B, and D, which are used in the
comparison between target tracks B and D, and the two



target, a shortest and a longest tine (T[err], T[err]) 1is 35

cal cul at ed, Wwomnosash of the target tracks that existed befmﬁsmqwnm
pause, for the novenent between two positions,

8 where one position is a position which existed in the

respective target track before the pause antbthe second position is a
position in the target track with which conparison is carried out, in

ot her words the:naeclgetE,;,;(aB:k @&nd ELLEB) vwkichj t takdéngafingo tdmspmgreatlon

The two positi S dj th
i nvention can, 0\2% y spe&kl ng, %e 5@1%@%@ 2B ar bi ngr i TYPFY E? for
posi ti ons cont Maneeuvire hedusingct the 1pauseyyr géve r 4die beﬁltﬂ-"étft?n‘é p%%@e

and in the targelsdddcively, VHécChmiRgespi tEahed @f W (®) taadpamse(nyn £be
exenpl ary enbodi nent” of the jnventjon shown hHere, howeve

posi ti onP cor r MYFFREHg DSTWREN sthe dRUNLEHNBI napfle Do FOX oEhe IE‘?%%?’%S
that existed b@:@ﬁﬁiﬁ@dpaﬁseoﬁﬁécw@nf iwith ig. Ugpt eﬁél 9amrtstm% haagei.,

Lrack hat b il REeRR SLihe g RRSEARARES arter nd phide.”

Point D0 is here suitably the same point as point D, in
Fig. 1. '

10
In order to investigate whether target track D should be
allocated to target track B, a comparison is then carried
out according to the invention between the time AT(B;,D,)
which has passed between positions B, and D, and the

15~ interval which is defined by T,,(B) and T,,(B). Expressed
"mathematically, this becomes the condition:

Tipax ( B) Z2AT (By, D) 2Tprin (B) (3)

20 - With reference to Fig. 4, comparison is carried out in the
same way

Trnax (C) ZAT (Cy, Do) 2T (C) (4)

25 In the comparisons described above, however, it can be
seen that the respective condition (2), (3) and (4) is
satisfied in all the comparisons. So as to be able to
perform the most probable allocation in such cases,
assumptions are made, as has been mentioned previously, in

‘30:- - the method according to the invention regarding how many

---changes in course and, respectively, changes in speed a

target may be considered to have made during the movement

concerned. In this exemplary embodiment, a maximum of one

_ change in course and one change in speed are assumed
35. during said time interval.



are used in the calculations for conparison between target 20 tracks A

and D accorq;\,ﬁgg,tlﬂ3t,he I nvention. Positions Alerr] and D ersEosanciy
correspond to a detection of the respective target. Position Alerr]
is drawn slightly before the pause began at time t=0, which is due to
the fact that the radar system perforped the detection correspondi ng
to position Alerr] 25 slightly before the pause began. In the sanme way,
position - Tieget tsacks ﬂﬁcalzwdexaa:slmemtmﬂnedti:hﬁfd:nh&ﬂbnnabbatpahee

ended, which is due to_the hat xplai

target track |ssi??ﬁ3c§f a?gﬁe&ﬁf‘%'&}" Pnéfl %@%’g Blf tﬂ%f r(festpeccﬁ{c#\és gf%éé{cgﬁ
the fact that tﬁmrgetstatjeeveryorpomtsoln thegatespentid e didrget ttkack,
pl ace exactly | e
t he two rmverren%s éi er rf’?ﬂs&at Fhe B CT?Asa%%f%;égget‘Wté‘g%f ah\/\ﬁ?é%
taking irio conkt mxm@na@s, resprehbve nenghénﬂGSasmﬁme@nerab’éﬁqumed

PESS' bilities ofn orderd £&f6vef Qfeﬁﬁéé}{mﬁi}vodtﬂdgﬂfté h@h:PélHS%:réM tbmpaked
e ong

e
respectively, thtRhoR&seretheTrorTheSenegralculations V\éé’r‘?wpog"ﬁtonEa’AF@Fr]

and D err]. Mwuverask B[ saask( h)av\ehlnfdﬁé aéeesléhst two chhﬁl’ghSStlﬁlmrse in
T[err](A), is the,mvenent w earl chan a
sl ow a novenentolf%exéh%\%g%o%% ré%mg%, & or & which precfjudes €8F gt Qrac

10 - from being allocated to target track B.

Calculations regarding target +tracks A and C show,

however, that both these target tracks may have carried

out the movement concerned with at most one change in

15 course and one change in speed. So as to be able to

perform the most probable allocation in such situations as

well, allocation is performed in the method according to

- the invention to the .target which has mad_e the sniallest

. absolute change with regard to course and/or speed during

20 . :the interval concerned. At this stage, in other words, it

is not the number of changes during the movement with

regard to course and/or speed that is used but the
absolute change in these parameters.

25 Calculations relating to target tracks A and C show that
it is target track A that needs to have made the smallest
change with regard to both speed and course during

.. movement to point D,. Target track D is therefore allocated
. -, to target track A.
30.. . . | |
. Fig. 5 shows a flow chart of an example of a method
.according to the invention.

_ ‘The invention can be realized using any combination of
35 hardware and software but, in a preferred embodiment, it
is realized essentially exclusively using software.



5 possi bl e. Movenent E[err](A) which takes the |ongest tine,

Tlerr](A), iwoxdhaizaed in a corresponding manner with as late PCT/SE98m17l4
change in speed and as tight a change in course as possi bl e. The

mat hemat i cal expl anation of these two rel ati onships is not of mgjor
significance for the 10 I nvention and isijpherefore omtted fromthis
descri ption. In order to investigate whether target track D shoul d
be gl I Ocam%lhiﬁvéﬁtﬂeh tltsgebﬂk 1m£watbsame' sen?dwmnmw i @@scribed
out according t he inyention etmeen ar.r r

whi ch has el aps%&o‘ﬁ%t\ké‘ i PRoETAS gED%"é'rtH A%hgfhlgc&%e de the
i nterval which patehtlobdims Béhow}(@i amdr§§ertbeAmumber ahd size ofi hbe
that are used i | S.C |k zk r
the system of WIEROERCIEGEpEEE &6, cfianoRE in spelEThEER L€ 1s BR8HnEH
accordingsto thremzbd takeeplroe damng gumamm: tganhéolf@aqlbw fipeaking,

mat hemat i cal rEﬂ'!ﬁéd)na.rb:l.tra:r::n.l}_[ edépénding %on Wﬂbc hapbichBton
designations according to the case shown In becones: T
(A AT(A[err][I%Q?T?rg?érr](A)(Z) 30 | f condltlon (1) is satisfied, it
I s consi dered according to the invention that the new target track
shoul d be fll ated to Hhe tar t track MA h whigh it is co areg.
e exemplary e Hbodimdnt own above, ‘it 73 “Been
10 assumed throughout that the most ‘probable allocation is

that which indicates the smallest change in speed and/or

course during a given time interval. These are assumptions

which are specific to a given application of the method

according to the invention, and may, of course, be varied

15 among different applications within the scope of the

“invention. In other applications, for example, the most

érobable allocation may be that which indicates the

- greatest change in speed and/or course during a given time

'intérval, or the allocation that indicates the greatest

20 ‘'change in speed combined with the smallest change in
course etc. '

Furthermore, throughout the example above, only one target
track has been shown after the pause. This has been done
25 exclusively for the sake of clarity, the invention can, of
course, be applied where there is more than one target
track after a pause. In such cases, one target track at a
time from the group of target tracks initiated after the
pause is compared with all the target tracks in the group
30 of target tracks that existed before the pause, in which
connection the method according to the invention described
above is followed. On the other hand, of course, one
target track at a time from the group of target tracks
that existed before the pause can be compared with all the
35 target tracks initiated after the pause.

Y



Fig. 3 shows, in a‘manner corresponding to that in Fig. 2, 35 the two

posi tions I?‘i,grgg,)l.,ﬁgd Derr] which are used in. the CPOTYSESSIAIN14
bet ween target tracks B and D, and the two

10 tracks E[err](B) and E[ferr](B) which, taking into consideration
t he abovenentioned assunptions about the capacity for manoeuvr e
during the pause, give the shortest and, respectively, the | ongest
time T[err](B) g yHR Lé}@axﬁ@éer %hlcmﬁsgeﬁéehehlﬁ%eﬁih%qoﬂidﬁys £h eehé
and D[err]. For e reas xpl ai ned.,in connectjon W,t t he

ol Nt s Bl b 1] ereTEiATY  embodinent s BHGHM v ifof SrBSanchoretbRe| \Bpy the

after tDFe pi'ius‘inventlon (hdﬁeﬂlei rdsSéntthElﬁ Laﬂtpbtn/owmepmeepernctaasbe
poi nt err] in

target track D3IQNWEE deP  Yary a%‘l’?%%h?@&?ﬁ%‘??éﬁ%‘ é%s'lge%aé corrpa'; |h§:)n

Is then agarried out accordi ng to the I nvention between the tinme
AT(B[err], D er

4015l s s R,y 988 e
Expr essed oneraghethercad ynot hthBeC'zmebet |Bﬁ'51t1°n before
Tlerr] (B) [err] AHP erbkPBettikely, | £her 'difHt (Akter the pause but can,
broadly speaking, be selected arb:.trar:._ly. Nor do the

10 positions have to be those positions in the respective

target track that correspond to detections; it is also
possible to use predicted positionms.

,E_‘.inally,' it should be mentioned that the sensor in which

15 the method accordirig to the invention is applied does not
have to be a radar system, the :anent:.on can be applied in
a great many types of sensor.



20 Wth reference to Fig. 4, conparison is carried out in the

same way  wo99/n71B4err] (OlerrlT(CerrIDlerr])[err]Tlerr] (C) kesoshana
In the conparisons described above, however, it can be seen that the

respective condition (2), (3) and (4) is satisfied in all the

conparisons. So as to be able to per¥drmthe . m"
al location in mgases, assunptions are nad ﬁmgmmﬂl”m
menti oned previously, in 30 t he method according to Yhé i fvemtion »

r egar di ng® how many changes in course and, respectively, changes in

speed a tar getmmo@efﬁﬁnais_deeedtﬁ@nh@&wm&e a\Fiint: tier ey eeeatk
Coneer e AR RSB e SR IB e BT o, ) SR AT
11 Tar gedrst atksgehcrturdek AP yreamdl oakdl, thefcmamertortm (&heB,C)
Sheey pacee £ h I A, ol fepd (PRGN Of it posiciaiothich
10 . information about at least the parameters speed, course
and time, characterized in that the first
target track (D) is compared with each of the target
tracks (A,B,C) in the group of target tracks, and in which
calculations are performed, in each comparison, relating
15 to movement between two positions (A,B,,Cs;Dy), One in each
of the two target tracks compared, in which calculations:
-~ a given maximum number of changes in course within
" given maximum limits is assumed to have been able to
~ take place during the movement,
20 2 a given maximum ‘number of changes in speed within
given maximum limits is assumed to have been able to
.. ‘take place during the movement,
- a known parameter for the two positions is allowed to
vary and other known parameters are kept constant, the
25 ‘calculations that are performed relating to a maximum
and a minimum value which the parameter that is
allowed to vary may assume in order for movement to be
possible between the two positions,.
- if the known value of the parameter that is allowed to
30 vary lies between the calculated maximum and minimum
values, the first target track is allocated to the
target track with which the comparison is made.

2, Method according to claim 1,
35 _.'.ch'aractérized i n that time is the known
- parameter that is allowed to vary, which means that the
maximum and minimum values that are calculated are the
longest and, respectively, the shortest time the movement
between the two positions (A,,B,,C,;D,) can have taken.

‘.



whi ch neans t-hat the system can cal cul ate how many changes 5 I n course
and, respectywepdoyziaiTanges in speed are required I N or dpéETisRodIMvEs

bet ween two points whi with one another. These
cal cul ati ons show thatﬂMHmlmmﬂ[ﬁﬂlﬂaCk B nust have nade at | east two
i = ¢ Qrder
D 10

changes in course in o fove f'Som B[err] to Dlerr], which
precl udes target track frombeing allocated to target track B.
Cal cul ati ons r &gar di Ripthedaceording AreitheroGlaim 1 orh@uever, that

b_om tPese {ar @Eth thar %@Mléafeicaréiad in tnathtt ﬂﬂe_araa&rmd gC%@CQHEtEd
Wi at nost one change, in course and one change, i n speed. 0 as . to
be able to cal‘ﬂgira%%}‘?ﬁﬁ hElS‘Prﬁstar[?r Rrme océtq%ng}ﬁs%ug:ﬁ gatuatrask
as vel |, (o Ih@@ﬁt ben ai].iqwﬁ‘eﬁr nsl - noreha haai lhmdel aeaﬁgéi:ng;ﬂar:kl from
the invengion tQ t r get | a “the e sl u
change with reg}"g}ed §58§Bu§§e\,)é;#o&otr éﬁggggdd?‘l'r%r@d é%‘%eail%to&a\%%o(}l that
concerned. At tindicates, the mhbleabrdhan'ge with regandtta eperdibend /bxr
changes during %g@v%?%ﬂg ovemen{:eﬂﬁregek‘io%ﬁiérd%e and/ or speed. t hat

I s used but the ute change 1nt e paraneters. 25
Cal cul ations relating to target tracks A and C show t hat it is

- target track Aghat neadiod adddeaingeed NgnmBheeslE the-préé_&rﬁa%a‘aent

regard to both speed and course during novenent to point e

. rrj.
Target t¥ck DGI@¥MRy efobeda™ Gtdffcl © T 1 %ot & get BratRak e first

Fig. 5 shows addget chRatdckof (@) efolRbwsof themeghetdp of t&EgetditHatRs
the i nvention. The i nven%igjr_]mcan be realized using any conbi nation

of (A,B,C) in terms o e.
5. Method according to any one of the preceding patent
15 claims, c haracterized in that the first

target track (D) precedes the group of target tracks
(A,B,C) in terms of time.

6. Method according to any one of the preceding ciaims,
20 characterized in that the position (D;) in
the first target track (D) that is used for comparison is
the position (D,) in the first target track (D) that is
closest in terms of time to the position (A,,B,,C,) with
which comparison is made. '
25 . '
7. Method according to any one of ' the preceding claims,
charact erized in that the position (AO,BO,CO)
in each target track (A,B,C) in said group of target
B tracks that is used for comparison is the position in each
30 target track in said group of target tracks that is
______9}_o_ses_t_ .in terms of time to the position (D,) with which
...;f:_‘c_"?';:'t_xpax'_ison is made.



35 har dwar e and software ref er red enbodi nent, it is
realized essgpidoplisy €xcl usi ”," wmﬂ PCT/SE98/01714
12 The invention is no enbodrnent descri bed

above but can be varied freely vvrthr n the scope of the patent clains
bel ow. O course, the nunber and size of thg changes in course and
changes in speed which it is assuned 5 coul d take place during a

novenent can, laroadl MetIRAK ak®bordin gtlbe eqieed:@rtbret deald@omcaﬁﬂs
upon the applrca concerne

shown above, if ? Fe@nC1& © TadsdnBdd: hr"oﬁghéig‘latt ﬁ%‘{"‘xfe’\g’élﬁ\rﬁ’g‘l e"g’?’&%‘fnﬁe‘#

allocation is changetdﬂain\/\/moulrsienob'vmmSﬂ:hammlsbtamdchm\g]ei i haspedrhken
and/ or Iy gﬁ¥ erv [ e assunptions
whi ch are spec%ﬁ' %eét %Illq%(/en applica d1""'t ﬁée‘“ Itlhesggm%r. according to

t he rnve_r$t| on, and may, of course, be varr ed 15 anong different
appl i cations T9t hin Mé%ho%?%%difdfdbe to any dhey# Qﬂxe b edldifing clabn.ms,
applications, for exanple, the ngst aqobable 'l Gcat,i on may e

that which iRdbc# &2 toné" e r i g egaflesd Bhatdat #
during a givenchiafiyes in igpeid/akhieh tite akl cgsdumedt koulid dhaaé e dkesn

greatest 20 SRANOGA APk GRRLASS: "D, 1 NE .5 gl change Tn

' 10 ' '
10. Applicatién of the method according to any one of
claims 1-9 in a radar system.



course etc. - - Furthernore, throughout the exanple above, only one

t ar get ) [ as been shown after the pause. This has b

excl usi vel yWé?&?ﬁapsake of clarity, the invention can, of eﬁ@”g%y&?oéi,ﬁ be
applied where there is nore. than one target track after a pause. In
such cases, one target track at a fVﬂfne fromthe group of target
tracks initiated after the . pause is conpared with all the target
tracks in the group 30 of target tracks that existed before the pause,
in which connection the nmethod according to the invention described
above is followed. On the other hand, of course, one target track
at atinme fromthe group of target tracks that existed before the
pause can be conpared with all the 35 target tracks in&}iated after the
pause. 13 The known

par anet er whi ch has been allowed to vary in the xenpl ary enbodi nent
shown is tinme. According to the i nvention, hoy#ver, essentially any
known parameter can be allowed to vary accopding to the principle
described. 5 The positions in the target acks which are conpared
W th one anot her do not have to be the J/ast position before

fszj

FIG.1




and, respectively, the first after the pause but can, broadly. =
speaki ng, b%"‘égbﬁ%$d arbitrarily. Nor do the 10 posi ti ons aVskokM1 R

t hose positio in“the respective target track that correspond to
detections; it is also possi bl e t e predicted positions.

Finally, it should be nmentioned that thé&/sdnsor in which 15 t he net hod
according to the invention is applied does not have to be a radar
system the invention can be applied in a great many types of sensor.
5 1. Met hod for association between a first target track (D)
and one of a group of target tracks (A B, C, both the- first target
track (D) and all the target tracks (A B, O in said group conprising
a nunber of target positions with 10 i nformation about at |east the

par aneters speed, course and time, char acteri zed in
that the first target track (D) is conpared with fach of the target
tracks (A, B,C) in the group of target tracks, and in i ch

cal cul ations are perforned, in each conparison, relating 15 t o novenent
between two positions (Alerr],Blerr],Jerr];Derr})), one in each of
the two target tracks conpared, Eﬂmﬂphﬁb cal cul pf'i ons:

Dg

Feh;

FIG.2



- a given maxi mumnunber of changes in course within given

maxi mum | i'm‘kézq'gﬁ,,ﬁg‘surred to have been able to t ake phpeRogiFINT
t he novenent, - a gi ven maxi num nunber of changes in speed wthin
given maximumlimts is assunmed to have been able to t ake pl ace
during the novenent, - a known parad}féﬁ for the two positions is
allowed to vary and ot her known paraneters are kept constant, the
25 calculations that are perfornmed relating to a maxi num

and a m ni num val ue which the paraneter that is allowed to vary
may assume in order for novenent to be possi bl e between the two
positions, - if the known value of the paraneter that is allowed to
30 vary |lies between the cal cul ated maxi num and mi ni mum

-values, the first target track is allocated to the target track
wi th which the conparison is nmade. 2. Met hod according to claim
1, 35 characteri zed i n that tine is th¢)known

paranmeter that is allowed to vary, which neans that t maxi num and

m ni mrum val ues that are calculated are the | opgest and, respectively,
t he shortest tine the novenent bet ween t he posi tions
(Alerr]Blerr]Cerr];Derr) can have taken. -

=t 7 Do
=R A
oS




3. Met hod according to either claiml or 2, character’i ze
di n that iyeoggms4ding to the calculations that are pgichsEmdi7iuhe
first target trac (D) can be allocated to nore than one target track
from 5 the group of target tracks (ABC), the allocation that

i ndi cates the smal |l est change with reg r,d5to speed and/ or cour se
during the novenent is perforned. 4, Met hod according to any one
of the preceding patent 10 claims, char acteri zed i n that
the first target track (D) follows the group of target tracks

(A/B,O in terms of tine. . 5. Met hod according to any one of the
precedi ng patent 15 claims, char acteri zed I n that the
first target track (D) precedes the group of target tracks

(A/B,C in terms of tine. 6. Met hod according to any one of the
precedi ng cl ai ns, 20 characteri zed i n that the position
(Derr]) in the first target track (D) that is fQsed for conparison is
the position (Derr]) in the first target track ( that is cl osest
internms of tine to the position (Alerr],B[err] err]) with whi ch
conparison is nmade. 25 7. Met hod accopding to any one of the
precedi ng cl ai s, character.i e di nk— tn position
(Alerr],Blerr],derr]) in each targ track (A B; } +d group of
t ar get tracks that is used for co dson is the position in each 30

i ch

target track ifx ajmfi—grgup—gf—ta-rg-et—tfaci@—t—hat—-ié — —cl-osest—i n—t exr18
ion (Dferr]) wit/brlwh

of tinme to the posi




conparison I s made-

Met hod accor any one of the preceding clains,

rized:. Qkﬂﬁg%ﬂghe maxi num numnber of changes in courggT&ﬁﬁ&ﬁrﬁ4
i s assuned coul d have taken pl ace g;ri g the novenent (Eferr],
E[err]) is one. 5 9. Met hod acco to any one of the preceding
cl ai s, charact er [z edi ntvhat the maximom nynber of

changes in speed which it is d coul d have taken pl ace duri ng
t he novenent (E[err], E is on€e: ) 10. Applicati¢n of the

met hod accordin ny one of. cl ai ns LN ajN@dar sysfem
Pause over ? =

Initiate new tracks.

!

Select a new track. <

v

‘Select a previous track.

- E

Select positions for A

comparison.

{

Calculate aT,T,,,T

min

]

Allocation.

- ore than one possible
_allocatlon ?

NO

- Allocation according to

changes in speed and/or

course. . | A F/G 5




