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relates to a nethod for follow ng objects, particularly f

nmoni toring according to Claim2l1 and a device for perform ng t%ieomet hod
according to Caim16. The saturation of the traffic systens in the

i ndustri al wawosrbs27es and the sinultaneous continuous grepwyRy&fod7affic
require that this systembe optimally used. For this, it is necessary to be
able to neasure the prevailing traffic as accurately as possible "in real

time." The quality of a guiMkthedandRevicelfoxFdlstingi@bjeetsyel vy ity
and statenent power of the daggiicdi Waffﬁ%&ﬂiﬁ?in re encoammﬁ]ﬁwm%@m
nore possibilities are given for nodeling the proceSs. The ure
is the presence of an object. Further features are, e.g.) the si*#&%r speed

of the oDbj ¢&d presbhfinidatibh RN 1 SRLIMbE &)fr l?(ﬂio% Sla?ec%m?%@czjzagl(}ff AGgHUr €S whi ch

can be determ ned by a suitable set of sen of ‘'sensors uses
one or nor BopRyEEdedordiege Glaim hasdsdednefor perfummgadls méthodeeacding re@iainof6. speed
by the Doppler effect. Further, non-trivial features to be deternm ned are
the type of object, direction of the object, path of the object, collisions
wi t h ot her Thbjabwation ofiths traffcesystéinst ingterindidjrat enhtnkoiddalé dguithkas icsntin@lavi or

of the obj j fined reqions,, The, devices ysed at
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t echni que rochure. Ml tanova AG, 8612 Uster) Switzerland). -1
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and speed mrgasheement df gpded by the Doppler effect.
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Det er ni nat P%%ag{&ﬂ?ea?bﬁc '?‘F'ﬂfcgﬁééﬁﬁ%ﬁﬂd&%-i fication of objects by
conbi ned Dblpdesiceisteatpranst atashited-RE0MN, i ' Si ck AG
D 79276 Reyte A&g;q%gyié The knom% systean%%ﬁgé\jae&%#gag(ilnggﬁs ngf‘gg@mtshat t hey

measure on ""EP w features and in no case sinmultaneously discover
t he conpl ex behavi or of obj ects. Consequently, exact results can be

obt ai ned w t he uses only when conpl ex calibration processes are
per f or ned, I 1 f‘i’ﬁ’ﬁg@?‘fai’&wa%&ﬂaﬂv@eP&ﬁsbmmse)fm@,maﬁcs

(http://www.taxomcx.charksman__d.html; Taxomex AG, CH-8037 Zurich, Switzerland).

* Taxomex SPEEDY ~ Determination of vehicle speed (http://www.taxomex.ch/speedy_d.html;
Taxomex AG, CH-8037 Zurich, Switzerland),

* Multanova RADAR — Determination of vehicle speed by Doppler effect (Company brochure,
Multanova AG, CH-8612 Uster, Switzerland).

* Multanova MultaLaser-1I — Determination of vehicle speed by laser technique (Company
brochure, Multanova AG, CH-8612 Uster, Switzerland).



The present invention has as its object a nmethod for follow ng objects) in
particular for traffic nmonitoring. A further object consists of a device
foz perform ng the nethod. The object is attained by neans of a nethod
according to Claim1l and by a device according to daim16. In this nethod,
data are evaluated in real tinme, after they have been detected by one or
mor e hori zBH2 83/087tF ace-coverage radially metric sensoPST/CE02§00713 aser
range finder(s)). The nethod and associ ated device are described

her ei naft er ows . a ce arrangerrent
Fig. 2 shomgenﬁplg?lééa{légrﬁc?”f“ P‘f‘@‘?&f?g’iﬂ&ﬂﬁﬁﬂ?‘iﬁ' dj‘“‘é"é‘ﬁlﬂ‘ﬂ& an'in the
| oop' conf (hgmr/mnnﬁtg-losddesksamﬂsbmucsm/ﬁmb | raohitofing g teHtm1; TENOPTIREL dseyv
data Fig. §p§lé$vv? r}%[la%l ocatj on obt ai ned objects to known objects Fig.
6 shows th Yome phiy ey ﬁﬁ‘?a& ters related to the objects Fig. 7 shows
g?:TFgEBgI/ gegierrexﬁIMEFIﬁEglﬁ — Detefmifdtioh Iﬁﬂu’ﬂ'ﬁt 6w lafdgpeed b}zwdeo\ﬁlﬁngﬁl(g&ﬂgaﬁ?

e net t e invention is explaine
her ei nafteg é‘?‘l‘“ %éc"lfﬁ%fxg B?aﬁﬁgé\%“gh |ng this represents only an
exenpl ary agp¢K ¢as2000 -PD‘é&hblhhtiotn)bf&EfﬁEffl@wﬂﬁie&?ixﬂ@laﬁﬁﬁ&ﬁoﬂ_ BobjRisiigd set
forth serves gs basis _for a |large nunber of further applications, which

can be easfIPipeddrqrplepetirctanddasepte e (Rrafyct @fmtlm Yk 4GP-6127p Reute,

extracted Gemadyps. The followi ng concepts are defined in the present
invention: LIDAR (Light Detection and Ranging): A sensor principle based on
a laser pulse which is emtted and whose reflection at an obstacle is

measur ed WrhkioWaRGhéms ive ﬂfe%ﬁb‘éﬁaﬁta@é"ﬂaﬂm%é}ﬁm@ b1y 'ahT ox[ax% Hefto dad i

determined with this informtion. tion, stron ect|n901ects

(refl ect or €35¢ élawltwow%ﬁﬁﬁog@rdwowmmhmqr@&obJmﬁameauenﬂn@xm pseltsess ed
data del i vgé sslaihédowii tﬂé‘se%ﬁﬁh?ﬂﬁscs bxﬂ¥ Wlen Lonfpex E@Jn'ﬂ?&m@ﬁjg gPr fL.c?h the

sanme set of sensors are used or the configuration an dr the
act ual ope?”’&l"?‘d}‘i’w"aﬁ%’E‘:{lf’ts}lﬁtﬁbic’ffgrlb@?lhg@e,and vehi cl es which are stopped in

t he working region of the sensor. Obj ect data: A set o f measurenent
points which were generated fromthe object. Obj ect representation:

Conput er r &PF BEHAt Bysngan bas as H&°bjﬁﬁtém°th°$é@rf@ﬂ°“ﬂm@m% inpartishlap for trafficect s i n
t he wor ki nghohRgHngn at a given instant.

A further object consists of a device for performing the method.

The object is attained by means of a method according to Claim 1 and by a device according to
Claim 16. In this method, data are evaluated in real time, after they have been detected by one or

more horizontal surface-coverage radially metric sensor(s) (e.g,, laser range finder(s)).
The method and associated device are described hereinafier.

Fig. 1 shows a schematic diagram of the device arrangement
Fig. 2 shows prerequisites for the sensor plane

Fig. 3 shows an 'in the loop' configuration

Fig. 4 shows the extraction of objects from the raw data

Fig. 5 shows the allocation of obtained objects to known objects
Fig. 6 shows the determination of parameters related to the objects
Fig. 7 shows an embodiment example with 'virtual induction loop".



Cluster; Accumul ation of |like entities or neasurenent points whiclx are
consi dered as bel onging together. Virtual induction |oop The effective

i nformation | oop, consisting of induction changes in the presence of
metallic objects replicated virtual line, which reacts to the

abovenent i ts. -3 WD 03/ D52715 PCT/ CHO2/ 007 ows a
schemati c gﬂggran1 t he devi ce arrangenent accordi ng }gTﬁhgnﬂ#7E£tlon
sensor | acting radially in a sensor plane 2 is installed at the edge of a
street and has a fan-1ike working region, which is bounded by lines 3, 3'

of the sen wor. ki ng regi on i.s bounded on the opposite side of the
street ’Ffﬂ‘?fg”s’“ra'&g&gﬁ ption 15 9xp s“egﬁ?fe‘flf’@“ PR e bagipe idrslicmepitoringyr m

static baC&grrept&éntéonl'fhhSKﬁp@dry ﬁpﬁﬁaﬁiﬁﬁbﬁé&mﬂhtﬂ of e B&EdtédCALal Théjtﬁétﬁ&f ¢ by the
sensor qpﬁns of nﬁ uslneasu %gﬁf ﬂ@&f 5. An object 6 freel

novabl e on ST Ag asiplopga e c %’Q“WPF?‘EQ}‘P%F%@@FE over
numer ous rra@smeﬂmehumyittd&m%rsn%ﬁthexﬁae&ulf&ltdrébs for the installation of
the device are listed as follows: It is supposed that the zone to be
manitored is sufficiently flat. That is, a plane, or respectively the
sensor pl amfommgeaesptsheqmiwliMépé@éﬁ?mv@rménthe street pavement,

nmeasured vertically, is at a distance of at least 25 cm but at nnost 75
cm fromit. Fig. 2 illustrates the prerequisites fox the sensor plane or
wor ki ng pl gogAR MaBii§He6s a hr ee

r oadways 1—‘—%4 T ‘r‘ﬂf_ﬁaﬂanﬁ Rapen A%eﬂselgﬁi IHs ¥ ﬁ":@g%ssc‘&rhlﬁh ecs
instal | ed ghittedandsyhasereflgetin at%1%téqlmsencaqw%wwb@wcttnentemny andennae ofat the
hei ght of # tM%l:efQ'dbte&ﬂﬂedV\ﬁhi 1snfBrm RERNEAD r plane 3
IS unfavoraﬁi r bot h vehlcle;ﬁg, Esﬁ%nw?c areggﬁpgrggkﬁﬁﬁﬁﬁogslble
regi on of an Rerinambigeousylidensiieor pl ane lies within the possible
region of use, Furtherm)re) the prerequisite is set that the sensor plane
is wholly visible fromthe sensor 3. If the obj eet to be followed is

cover ed foBi‘&dJi‘rﬁomeuPPfﬁEﬂSdeﬂs‘erMMﬁqmm the novements of ot her

obj ects, then this does not result in inpairnment of the method, but shows a
"graceful degradation" of the nethod. That is, the increasi ngly frequent
covering ol“—tg%}-ébt‘%?emgg oeilyingvhikhdhesigiersgt of aergorg awl us¢dbosts foa theesnfigurativet hod,
The use Ofmhm%oqg%hggxﬁﬁgﬂﬁﬂ%ﬂg to the invention can be divided into three
basic functions: firstly con |gurat|on secondly operation, and thirdly
data exchange, 1. Configuration - ~'' 0 031052715 PCT/ CHO2/ 00713

Conf i to B ch
grgalt Ig;“a‘c ora; ng;]'1 nt%\?ltngge app@?%sa?ﬁgﬁmfg’g%%doﬂn "3{’%‘%{‘# ﬁi(’g\,\?g’ctsg’csgrgf:/ﬁreyt he

wor ki ng regi on, or the worKki ng range of the device and also to configure
or par anet ggje&Slatah & @gp cific applications
are, e.g., the gounts%tﬁ)gn%%%ﬂbj et {vh'l(éEWﬁ% %n?ri'ifgﬁfrgﬁ%%é) J%bhavi or of

obj ects, ere. Topol ogi cal paranet ers are given by unanbi guousl y detectable
mar ki ngs V\bbﬁ'q“a eRGticH: Eghléut@xrl-gpﬂcﬁﬁfdhédc\’ﬁ#é'%ﬁ Fig. 3 shows an "in the
| oop" confrguratton, FVr ex V|rtual | oop" is given by
setting two markers | 3, 14, deflnl ng a left and a right border. The two
mar kers 13gcehéd: SRS ggﬂgﬁéz sed nsor systeml| wth
optical refTectors p%5“1& Fg}ri)ﬁlgh??ég% &%ﬁg{ag e mar ker positions,
t hese can be renoved again. 2. Qperation

Cluster: Accumulation of like entities or measurement points which are considered as belonging
together.

Virtual induction [oop: The effective information loop, consisting of induction changes in the

presence of metallic objects, replicated virtual line, which reacts to the abovementioned objects.
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The followng listing al so reproduces, in mrror imge, the serialized data
processi ng which has taken place in real time. Three main blocks are to be
identified: Data acquisition (Step |I), Tracking (Steps 2-5), and
Applications (Step 6). Step 1: Wth a sensor working radially in one plane,
neasurenen&ggggﬁ%% gre metrically determned and formthe raw data. This
plane is s 3781y placed horizontal ly and further RGYEHOUPIZIB| s t he
conditions defined in "prerequisites.” It does not need to be exactly

| aori aontal) and small deviations of up to about 10 are tol erable. Exanples
of such sensors are LMAR, which determine distances by the "tinme of flight"
princi pl e. Fighbshoas agehematie diagiamidf thedlgwice/arthapement aedrdingdo thednventiql Asensbp a

conput er URiabeingrddidly il f FLaed FaRE.2Vai,l able for further
o ocessl ng. S RsaN Aot bR AR coee & o ird Wl R il

aut omat i caregjerawhick isbenrded by ligesidy 3'of eisertspr; The workiighegion is dodhdedasthe hem as
reference, itodidd dfthe e 813G bERdingdsS I ckaground,. t hus e.g.
on a st reeto %mr ow ofmbw I_J?’%&gﬁdvl\?%shgag%?l ea}lﬁ’gﬁfz%l\%lgﬁeel?je’ Yﬁgég],aﬂgfﬂ“ %fﬁgtlf

par ked vehbedkpgues 4.3his statin fackigfound frisasatnicatie deteqier byt thelensoa by mefinsam t hi s
reference, yjpherd A Q- 2715 PCT/ CHO2/ 00713 fi ut her
eval uat i onl%angfo%h&d% se %{t g%&%hA@ﬁ‘é’eégnﬁée\é@orggi{zg&gzgpé'ers §c§ 8P 4Y 20 the
data set ofikewiee metdallydetected diree nbaeragmoandemés pbitsGan change with tine,
that is, e.g. a door is opened or a vehicle is parked in the working region
of the sensor. These sl ow changes in conparison with those of the foll owed
obj ect s ar 8hppreteguisited forrthd inetaltntion of theidVide afeistadtal Mlowgd denot ed by

"adapt at i oR" N p0g” of, t he .backgr qund. dat ed, background and a
set of msagt Yk ?# &)g%% 'h?g?neg%Pwa'"BB%j’gff{}Hﬂ%ﬁﬂﬂ%t'Hﬁ?‘rﬁ’t“ﬁ’@“&&ﬁgﬁ%ﬁlﬁﬂy of

SL ep 2. Botie sedser ml];paamed pbs;ctkrgughtﬂtd' zauglaridithe @i&%tﬁﬁﬁcrﬁ’?l,&ge&fl@ed?éﬁiﬁhﬁ’ﬁ lisati N

t he conput ery. t t her proc ing. (see Fig. . Step 3; e
rreasurerrentgdg%%etosfag egs&g%:f%? “ﬁgtdn?sg?ﬁf'ﬁ'%ﬁg?w' eval uation, or object

measur enenfigodilhssaterthoperqiisita far theasemsopplanoda wgkih pIafe VeRiclPs, &, 6F kst er s.
Thi s resul A al | tion of t j.e neasur epent points to

obj ect s. %gttg%lr’?trl]‘g g‘t‘%?hggﬁ B'F?f(f a‘ﬁvykﬁg\}\ﬁbl&@%?ti"[‘ ﬁ'ﬁ%‘“ Begensoxhijth saggor
geonetric glas¢ hinswmliéd at ttiersiron kedgeiavisibROTHiS R8ets the GekiBIB 85 at theXefpht 6MNhEH P.

W ndham "%lbu;g{ge% .\égltsi%i t.y. faor, hehPFuaa C-Means Clustering Al gorithm?"
TPAM , 4( 4J5° el 6 3 i oygtggﬁn_t- Rgengdr plang P igynfayorabledar boleyshicdass', 64) to
consi der t kubicH ateoupsitlenhepoasible Pegiona se0 Dor VR R)6, B Jerfshh plir 1fef &R&IE_L (i data
reducti on. ;I'Jgﬁfee r.edutced data sets are further used in Step 4. Fig. 4 shows
the extracP?8h CFEEHY'¥Es fromthe raw data in a plan view of the device

ar r angenenfFurtifsenare; thd prefquibit i$ 6 FhaVht Benkdt9ldnk ESholly viiblVRbE ity f3 pe
fan-1ike SGenes tﬂng &rue 0&)ti mal | arrang&f or, corrélated wth these. The
obj ect measuUrrSfEN? PHiR-RYE 'fCBY“?i%g"%HmB byyits oymimnystoent of emayemenisefer s
16, 16' henther abfcttheibied fot kel PRinp&itSento AR mBthoPitRPstbiws ghgra&%HSt ers
found in tgee ‘{aﬁse,nﬁ. sceega aiéeﬂ sought and optinmahy allocated,”or correl ated
with these: % O (oF the methad, Lhat j5qthe ingreasingly fraquentroveningrof gbjeetnhasislyect | but
al so to t héedreasiag datal qliating asragesultf al | objects, and in fact
application-specifically. Exanples of algorithnms are "M ni mal spanning

tree," "Feature point tracking," etc. (Yaakov Bar-Shal om X ao-Rong Li)
Esti mati onMetiedd.Tr acki ng Princi pl es: Techni ques and Sof hvare, Artech House)

1983; Dona . id, .An Algorithmfor Tracking Miltiple Targets, |EEE
Transact i o?ge ‘Igﬁ °Eﬁ‘f gf‘?ﬁ?‘? ‘%9"?58%5‘5%3}‘? inyantion cppbedivided in ¢ basic fnctiob;: fiestly

pr esent upcdmﬁigmauoﬂ,Bcobhkﬂy@@diitﬁm}mﬁqmdppddtpmggngge found in the present
scene, based on the known, already determ ~tedtrajectory, it is then
specul atively followed up as far as a -6 WO 031 052715 PCTI C1i 02/ 00713

pr edet er m heConfigaratidgrai Nty threshold, i.e., the trajectory is extrapol ated.
Specul ative foll ow ng takes place using known stochastic nmethods) e.g.

Kal man filtering, "Condensation Filtering," (Mhintler S. Gewal, Angus P.
Andrews, Kalman Filtering: Theory and Practice, Prentice-Hall, 1983). A set
of objects or object representations with characteristic in the formof a
reduced data set fornms the conclusion of,Step 4. Fig. 5 shows the

all ocation of proclained objects to known objects in a plan view. At tine
to a cluster Awas at tinme to while irt the past, i.e. at the tinme t, the
cluster A" can be recognized as cluster A again. The single detectable
difference after the allocation is the translational displacenent of the
obj ect, fromwhich the novenent is derived and the trajectory of the object
determ ned. The sane holds for the clusters B and B. Wth the allocation,
cluster B is recognized as cluster B again, and hence gives the trajectory
for the object H



Step 5: For all objects in context or present in the scene, the
correspondi ng paraneters are now updated. For visible objects) additional
data such as type, speed and direction are cal culated) and al so further

t ype- dependent geonetric information, such as e.g. length or width of
vehi cl es. For speculatively foll owed objects which are not visible, only
the uncertgiqbyosmisgi cs are updated, The objects, or olpE%tH02/0071
representations, thus now present are collected in an object data ase izt
the conputer unit and remain available for a series of uses, or for

i nt r ospect Corfiguratign fatlows afier thehaecatienl instellztion owhidf capamafrm&ady acdbcduegttechet o)
obj ect s. adt a speed
Vebtor " can SRl TE colfifuioNalt IghelifPal bofkhis EEE O e RcHEme Bl Ton o
traffic ob}i@mesmd smp Cenﬁ@osmIiatameteslesthemseeqppttlﬁ@:anpilozztSnsamc-h;&sﬁd on the

o} acts 1 n et RRERE O ATl R BBk o R a0 o Bt e

of traffic flow serves as an exarziple. rn this case, only a "virtual |oop"

needs to b J: t acti nit,is exceeded. g 7
shows an e?%%ﬁ%"r%ﬁ?ﬂﬂé@%{g&ﬁg g\%{e{‘ E%'\?ZWWE@%}‘&P&Y ﬁ%ﬁ%@ﬁ’dﬂ“hﬁ ‘."E‘ ﬁfﬁaé‘ s S

wi th the beadidfuitiyelyisetes 3) 3" of its fan-1ike working region can be seen.
An object is showmn with its WO 03/ 052715 PCT/ CHO02/ 00713 positions at
times to, tl and tZ. A "virtual induction |oop"” 20, produced with the

gar Eer sd13F1gl Ashowasn mslmddoﬁ"hbnﬁ@k’auby Rohemir?nee@to-&maet'mm IdopRgiveRbANd t1 . g

uch a dev Lal yita or. the realizatio nitoring an

trigger fu!rslcgtt%fggﬁg rl%ﬁ 5‘1‘ ?F@Wgﬁ&hﬁ%aﬂ@tﬁg@% BT lﬁnﬁﬁ@}b"and can

3e sugpl errbmugldabowhyaheershamdmsaisymdm Wiﬂt@tlg)lmﬁﬁ'.cto& lsl;)gs aueeé)e\ibaésgﬁlehe g

ata detcn i ou licatio eration, Ste can be nade
") b o PR Rl pYAR Red B b Bt b

avai |l abl e W or offline in batch node,
Dat a vvhich are contl nuously determ ned can be used for local traffic
control, le for a flowcontrolled traffic signal apparatus, or to
trigger a gh%‘f5 vi deo canera sequence. Data which are transmitted in

bat ch nodemafmnbmngaetd»g atso@eprodudesD B thiroFintge) AR setifilded tsa Pﬂoéﬁﬁhgg%ncith%e dgtg
ata provi de

can be con usI ansitted rel ess. Detected

for the baEakﬁ ?r%"’(f a frag, °§8‘ai“}?%% kﬁ&?@?@%ﬂ#ﬁ@%%@%ﬁ@ﬁ Bnd can be
exchanged Byacking (Stepai2r5)) #ad H)pplidatiphsyStepa), transport of the mass nmenory.
Further Uses The nmethod is suitable for detecting or identifying nunerous
traffic violations, nanely all those which are not static in nature, but

can only bsmﬂe_twmedexhyr $4d%al9fin b9y plane) ﬂ&s&r@ﬂea%ﬁ&tmeE%cQ is for a
subsequent trarfic violations can there Tr af >~c

ni.shie
vi ol ati onsd%gmll'ﬂ’gé‘“g%ﬂrﬂéh"t'm”&ﬂ@h Thys plangis F‘@S@P‘@H&Pm@fb‘i%c‘wgrm stop line
or a saf et furihefsre ﬂlmrswodmﬂsnsnﬁmtzﬁr-a@@qma{eacms t led q% dasty | an
!

crossi ng, urthe noy e, CJ{;ere is the Hga;s& bility that disturbances of tragic

flow, e.g, %"81°Pa F‘EfL%““" Hatiens QEpRtot tlgn@rq%amgggmglgs ¢fouchissniersant at i on

(phot ograpnn)Ak,amaedemﬁﬂnwmc& qcb'%ctohﬁlgﬁb(afﬁclgﬂt ﬁmtﬁwd*fat][a Lher utSe 'E t
raffic sector bu

her ei nafter scr b n exanple which is not in the

isinthe f dgﬁf"é‘f‘?f q‘g&‘é"d TN EORAA LI Vil inserfacerafthe eAnsRintode i s
concer ned mmlhblanﬂfmheﬁpm&sﬁﬂg vei |l ance caneras, controlled with a guidance
system which uses one or nore of the devices rrenti oned here. "Optimum' in
this context nmeans to align the canera nearest to the object, if necessary

to use vi sBepliThe @ t(éhﬁ:ﬁcdet 80893 0
attain the str 05%} ﬂﬂu mera ségltﬂﬂeﬁm%t\é h@%%%&ﬁaﬁemfﬂi c’\!‘}%1 %é‘?%vg%w

PCT/ C~0 2/ off3ssie and ey them; as “%%‘e’éﬁ? y rféﬂélé 9@%@0}%? B miaspl therwhale t he
appl i cat i obackgtoid md e lgrkdﬁar strebRUHoRof ilidingS Wi gggdfig%Yo%Hrglqﬁi?ﬁ]?ﬁ!%s% pfgq then

supplied tg system by neans of exc ce
system arr aﬂ‘é?@%s g Caf’ﬁ‘%%é %‘W%%Mﬂw&%@%ﬁm%mype ntas dtaamtenm!llfor

noni tored obj ects (in the order 1:1, I :n; n: |I). This system markedly

i nproves the quality of the video data detection and reduces the operating
costs.
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In general, with the availability of object representations alone or in
cooperation with a guidance system surveillance systens such as caneras or
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a data reduction. These reduced data sets are further used in Step 4.

Fig. 4 shows the extraction of objects from the raw data in a plan view of the device arrangement.
Sensor 1 can be seen with the lines 3, 3' which bound the fan-like scenes and are optimally
arranged or correlated with these. The object measurement points 7 or object data are allocated to
two clusters 16, 16' here, which belong to the objects A and B.

Step 4: The clusters found in the present scene are sought and optimally allocated, or correlated
with these. Optimality relates not only to the position of an object, but also to the type and
features of all objects, and in fact application-specifically. Examples of algorithms are "Minimal
spanning tree," "Feature point tracking," etc. (Yaakov Bar-Shalom, Xiao-Rong Li, Estimation
and Tracking Principles: Techniques and Software, Artech House, 1983; Donald B. Reid, An
Algorithm for Tracking Multiple Targets, IEEE Transactions on Automatic Control, 24(6),
December 1979),

If an object present up to now in the context can no longer be found in the present scene, based

on the known, already determined trajectory, it is then speculatively followed up as far as a
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also further type-dependent geometric information, such as e.g. length or width of vehicles. For
speculatively followed objects which are not visible, only the uncertainty metrics are updated,
The objects, or object representations, thus now present are collected in an object database in the
computer unit and remain available for a series of uses, or for introspection.

>

Fig. 6 shows the determination of parameters related to objects. Furthermore, type PW with

length and breadth, as well as a speed vector, can be allocated to the object A. This permits a
classification of traffic objects.

Step 6: Possible uses or applications are based on the thus produced object database, which
contains the present state of all abjects in the scene and also their correlations in the past.

Measurement of traffic flow serves as an example. In this case, only a "virtual loop" needs to be
defined; a counter becomes active when it is exceeded.

Fig. 7 shows an embodiment example with "virtual induction loop." The sensor 1 with the

bounding lines 3, 3' of its fan-like working region can be seen. An object is shown with its
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' 10%& () - ; The data determined by the various applications (Operation, Step 6) can be made available for

further processing, continuously or offline in batch mode. Data which are continuously
determined can be used for local traffic control, for example for a flow-controlled traffic signal
apparatus, or to trigger a photo or video camera sequence. Data which are transmitted in batch
mode can be used, e.g., to perform global traffic planning. Live data can be continuously
transmitted by wire or wireless. Detected data provided for the batch mode are secured in a mass

memory in the computer and can be exchanged by wire, wireless, or physical transport of the
mass memory.

Further Uses

The method is suitable for detecting or identifying numerous traffic violations, namely all those
which are not static in nature, but can only be detected by analysis of following the object. The
basis for a subsequent punishment of traffic violations can thereby be given. Traffic violations
include going through a traffic signal, going over a stop line or a safety line, disregarding
pedestrians' precedence at a pedestrian crossing, Furthermore, there is the possibility that
disturbances of traffic flow, e.g, collisions, can be detected, and the measures for documentation
(photographs) can be activated based on the above data.

A further use is hereinafter described as an example which is not in the traffic sector but is in the
field of safety technique. Automatic and optimum guidance is concerned with one or more
surveillance cameras, controlled with a guidance system, which uses one or more of the devices
mentioned here. "Optimum" in this context means to align the camera nearest to the object, if

necessary to use visibility and directions of movement of the object in order to attain the
strongest camera setting (angle, zoom).
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above ese data are then supplied to the guidance system by means of 2 data exchange,
The guidance system arranges available cameras toward the objects or rotates their monitored

objects (in the order 1:1, 1:n, n:1). This system markedly improves the quality of the video data
detection and reduces the operating costs.

In general, with the availability of object representations alone or in cooperation with a guidance
system, surveillance systems such as cameras or alarm systems can be controlled. Safety
mechanisms such as automatic doors can be controlled alone or in cooperation with a guidance

system.

The method can be implemented easily in traffic control with the presence of the
abovementioned objects,
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Claims

1. Method for following objects, particularly for monitoring traffic, wherein a substantially
horizontal radially-measuring sensor (1) detects metrical data of objects (6) moving freely in a
working region of the sensor, measurement points (7) as raw data, and feeds to a computer unit;
wherein the raw data are processed in the computer unit such that the objects (6) are followed

and their geometrical properties are ascertained.

2. Method according to Claim 1, wherein a static background (4) is autonomously detected and is
adapted or updated when there are changes.

3. Method according to Claim 1 or 2, wherein objects (6) in the present scene are followed and

present parameters are determined, and the past scenes are correlated with the parameters of the
objects.

4. Method according to one of Claims 1-3, wherein objects (6) which can no longer be found in
the present scene are speculatively followed further based on the known, already determined
trajectory, up to a predetermined uncertainty threshold.

5. Method according to Claim 3 or 4, wherein the parameter of the followed object (6) is set to
be available for introspection from present and past scenes.

6. Method according to one of Claims 1-5, wherein a simple and intuitive "in the Joop"

configuration is made avaxlablc, the same set of sensors being used for the configuration, or
parameterization, and for operation.

7. Method according to one of Claims 1-6, wherein virtual induction loops (20) are defined, or
established, in order to realize monitoring and trigger functions.

8. Method according to one of Claims 1-7, wherein the traffic flow and/or the speed are
measured,
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9. Method according to one of Claims 1-8, wherein traffic objects are classified.

10. Methed according to one of Claims 1-9, wherein all traffic violations which are of a non-
static nature, but can only be detected from the analysis of following the object, are detected and

documented.

11. Method according to Claim 10, wherein traffic violations include going through traffic
signals, going over stop lines and safety lines, and disregarding pedestrians' precedence at
pedestrian crossings.

12. Method according to Claim 10, wherein disturbances of traffic flow, e. g. collisions, are

detected and the measures for documentation (photographs) are activated based on the existing
data,

13. Method according to one of Claims 1-12, wherein surveillance mechanisms such as cameras
or alarm systems are controlled by the available object representations alone or in combination

with a guidance system.

14. Method according to one of Claims 1-12, wherein safety mechanisms, such as automatic

doors, are controlled by the available object representations alone or in combination with a
guidance system.

15. Method according to one of Claims 1-12, wherein traffic regulation is implemented with the
available object representations.

16. Device for performing the method according to one of Claims 1-15, wherein a substantially
horizontal radially-measuring sensor (1) is provided for detecting metrical data of abjects (6)
moving freely in a working region of the sensor, and is connected via an interface to a computer
unit, wherein the computer unit is equipped with software, and this software is available for

calculating object representations from the raw data of the sensor,
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plane (3) is at least 25 cm and at most 75 cm from the street.

18. Device according to Claim 16 or 17, wherein the calculation of the object representations
takes place online and offline.

19. Device according to one of Claims 16-18, wherein it is designed for mobile use.
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