01 June 2006 Method and Device for Follow ng Objects, Particularly for
Traffic Monitoring The present invention relates to a nethod for foll ow ng
objects, particularly for traffic nonitoring according to Claiml and a
device for perform ng the nmethod according to Claim16. The saturation of
the traffic systens in the industrial countries and the sinultaneous
continuous growh of traffic require that this system be1qphépabd y used.
For this, it is necessary to be able to neasure the prevailing traffic as
accurately as possible "innlmmﬂdiddWwaéﬁheP Uil inf YOIgéctq gui dance system

depends decisively on the qu t power of the data: the nore
features are enconpassed, ér qbggs'ﬂﬁﬂﬁpoggoﬁ?% gi ven for nodeling

t he process. The sinpl est feature is the presence of an object. Further

features are .g., the size or speed of the object. The nentioned features
bel ong to!4° RIS ”BP“F@afBPég’%WF@ﬁdHaﬁﬂbe”ﬂ%?é?%?ﬂéﬂmbvﬂaf@ﬁi@a%le set of

sensors. plonfihihpSREordin € 0EARI MIGHPARELR aer@g)rfrﬁnm)fﬁie@ﬁﬁld alcé’t%mfr% Claim 16.
measur enent, such as the neasurenent of speed t he Doppl er éffect

Further, non-trivial features to he determ ned are the type of object,

di recti onof sarln%mcer{g%t waRALY m%fmrrr@%nﬁﬂ{grrmmlnﬁgds hhéh@@ﬁ%rrkﬁ]bouq cﬁstfnuqu

obj ects, distances between ad) acent
obj ect s, eﬂgt1eMUeednﬂgN@ﬂedeﬁmmednmegpmnsﬂﬂmwddﬁvﬂuesnaseﬂeamymﬂeabmnoare
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Zurich, Switzerla Taxorn X SPEEDY - Deternination of vehicle speed
(http:// R ol ST S pasH) RS THTY N ARG EALS PrepRgdr SPRIF fealire 1

Swi t zer | amdpreserbt aneyjact RAAR: featRE @Fcl: BAtHQR Ok sy bEie oSReednbY DOppl er
ef fect (Conpany brochure, Miltanova AG CH 8612 Ilster Swtzerl and
mentioned features belong to a class of featurcs which can be determined by a suitable set o
sensors. This sct of sensors uscs onc or more physical laws for measurement, such as the
measurcnient of speed by the Doppler effect.
Further, non-trivial features to be determined are the type of object, direction of the object, path
of the object, collisions with other objects, distances between adjacent following objects,
behavior of the objects, e.g. exceeding predefined regions.
The devices used at present are limited exclusively to the determination of simple features.

Examiples of these arc:

* Taxomex MARKSMAN — Determination of vehicle axes by means of pneumatics
(http//www taxomex.ch/marksman d.htmi; 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-86012 Uster, Switzerland).

* Multanova MultaLaser-H — Determination of vehicle speed by laser technique (Company

brochure, Multanova AG, CIH-8612 Uster, Switzerland).



Mul tanova Multal -aser-11 - Determ nation of vehicle speed by |aser

techni que (Conmpany brochure, Miltanova AG ('H 8612 Ustcr, Switzerl and).

-1 01 June 2006 Jenopti k LOTOS - Determnation of traffic flow and speed
by | aser technique (http://ww.jenoptic-I|os.de/lasersensor/deutsch /traffic
nmonitoring/ lotos_htm; JFNOPTIK Laser, Optik Systent GrbH , Jena,
Germany). Sienens TRAFFI CEYF -Determination of trafficofilione aagk speed by
vi deo canie1reaop(ti®(1r(p]6(m/ Ti@ehiarien O{Sfcﬁﬁﬁﬂ&&éﬁsiﬁetﬁb)lﬁ@ thﬂﬂiiq(IdS‘l Gernany).

SICK TCS 20 - Determ nation of traffj | ow, a on of
obj ects Bb“l’ ébﬁﬁlih‘éﬂ’“ﬁf&*ﬁﬁiﬁéi‘“@f?ﬁé?C“éh‘i “I“ éce’tmf“é ? s giRs ql(‘li'{ﬂg"g@@ﬁ il ASOT,

I nformatl@m,,k ShekcAmbIDIdRGemReyt e,  Ger many) . The known systens have (lie
di sadvant age t hat theérmaasure only one or a few features and in_no case

si mul taneo&ﬁmwdﬂ%”&d\} YEneDetsmplaionéHavicdloword spjed by s 1deespasigienipipy

exact respld s .Colm her8bbaiBeththih (Eé?ﬁnﬁl%)appar atuses only when conpl ex
cal i bration processes are perf orned whi'ch, however, are not suitable for

mobi | e useSICRhE PP EYenDeiermisstonon thlis e, srosd sl dessilgabipt HOMIE YT ol | owi ng
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a device perl onm ng he object is attalined by neans of a
nmet hod admxmdm\t)g to daiml and by it device according to Caim116. In
this method, data arc evaluated in real tinme, after they have been detected
by one or nore horizontal surface-coverage radially netric scissor(s)
(e.0., Ialﬁlemudi\almgeuhibmdeaf l(hS)i)sadehlﬁgmtiﬂ’lbd/ zamduxasmbmlatoed1‘defdaauleesa1méin no
descri bed hereinafte ti.c dl a of tpresﬂ%vi ce

ar r angemefic b"if'lllbm"(?”@HBvag“ﬁrﬂétrcé)ﬁW}{\gl bteé%“cff ﬁ%t*’ se0r111§ p Yane' can

be oblained with these apparatuses only when complex calibration processes arc performed,

which, however, are not suitable for mobilc usc.

The present invention has as ils object a method for following objects, in particular for tralfic
monitoring,.

A further object consists of a device for performing the method.
The object is atlained by means of a nethod according to Claim 1 and by a device according to
Claim 16. In this method, data arc cvaluated in real time, aficr they have been detccted by onc or

morc horizontal surface-coverage radially metric scnsor(s) (c.g., laser range finder(s)).

The method and associated device arc described hereinafter.

Fig. 1 shows a schematic diagram ol the device arrangement

Fig. 2 shows prerequisties for the sensor plane

Fig. 3 shows an 't the loop' configuration

Fig. 4 shows (he extraction of objects {rom the raw data

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



Fig. 3 shows all "Ill the Loop' configuration Fig. 4 shows the extraction
of objects fromthe raw data Fig. 5 shows the allocation of obtained

obj ects to known objects Fig. 6 shows the determ nation of parameters
related to the objects Fig. 7 shows an enbodi nent exanple with "virtual

i nduction loop'. -1? 01 June 2006 The nethod according to the invention is
expl ai ned hereinafter on the basis of traffic nonitoring01Juhe00@presents
only an exenplary application possibility of the detected data. The net hod
set forth serves as a basis for a |large nunber of further applications,
whi ch canTbememsﬂhyoﬁéai%zb@m\bemaugspbﬁmﬂheCQMﬁﬁkmthMGﬁdﬁueﬂkhmwﬁmﬁnghe
extracted feature re: eflned iLn.t resen
Thvent | on! M CrBAR P ot e B TEREERG PR g ek BaR e IR B B b as e
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measured with re ect .to intensity and t flight. D stance is
deternineﬁhﬁﬁ ﬁ’?ﬁ‘@“? FB?HﬁfFBhOM' Cﬁﬁﬁkg? 't rongly refl ecting objects
(refl ectors) can be unanbi guously |dent|f|ed Raw data: The unprocessed
data deliyvered fromthe sensor. In the |oop: Operating node in which the
same set oF¢ SHRYBK ORIt BE I tP‘bPre%qlib”*c‘fB‘h‘PP uration and also for the
actual operation. Object: Living beings and vehlcles whi ch are stopped in

t he morkinggreglon of the sensor. (bject data: A set of neasurenent points

whi ch wer &l idepet anhRangined ch senepy) RSO PRpP SNt i opse Chiipiit er
represent éﬁlhl@p dl(Rf wfutl@ I‘lngL @&I: at d§%§§?'§310 l%ﬁquf&{' \l‘v 2 BQE;GL@T'O 111@#&11[?9;1‘]& tlh]@ of he
wor Ki ng regl on at a gl ven i nstant Cluster: Accunulation of 'like entities

or neasur Bigbhipuicatssicigmnityd aitd thip insindetien lasddetng pletnaly retloges Reiects

(reflectors) can be unambiguously identified.
Raw data: The unprocessed data delivered from the sensor.

In the loop: Operating mode in which the same set of sensors arc used both for the configuration

and also for the actual operation.
Object: Living beings and vehicles which are stopped in the working region of the sensor.
Object data: A set of measurement points which were generated from the object.

Object representation: Compuler representation ol the object.

Scene: Description of all objects in the working region at a given instant,

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

together.

Virtual induction loop: 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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Virtual induction |oop: The effective information | oop, consisting of
i nduction changes in the presence ofnretallic objects, replicated virtual

line, which reacts to the abovenentioned objects. 01 June 2006 Fig. | shows
a schematic diagram of the device arrangenent according to the invention. A
sensor | acting radially in a sensor plane 2 is installed at the edge of a

street and has a fan-li ke working region, which is boundeduby2bbthes 3, 3
of the sensor. The working region i s bounded on the opposite side of the

street by F p“ y Sﬁl\&gﬁi’thﬁ{lQe&d‘%l bPth B%r eu,egscu gerﬁen? {lCC()[( "‘%‘ l\é\g! (f mv (dn on, L\ bcdts%r

static background hi's'static gr oun IS e
t he sensod abyngrednidy ofa scrgnplious 1srresaalfﬂenénntcdg1mf ntssed and\htmbfaedﬂ\c &oﬂ«mecel y
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nuNer ous neasu prerequ
t he devi Cep}m‘sﬂx iidtsfhfedc asef 0] BuoMBigs, |gt1rd_eﬁ \@Uﬂ@l@Sﬁﬁ]dtth\fﬁﬁkd haichonell fembestatic

noni t or ed sufficiently flat. That i | ane respectlvely t he
sensor pl 8%% it ‘d&%%dttlﬁwbtfaﬁ“tirt s musically S ey by poaat WAVERERE

nmeasur ed ventbeahbyurcisn@loinids dis430e 6 Rblyatosreh 12SueH o buf @, fost 75
cm fromit. Fig_ 2 illustrates the prerequisites for the sensor plane or

wor ki ng pf%ﬂ‘é“ ‘\}‘@HF‘HD&‘“@“‘@“ CF (GICEIE MEPPEHRBYPHHShe street with three
roadways 10, 11, 12 offset in height. The sensor | with sensor plane 3
installed at the street edge is visible. This nmeets the vehicle 6" at the
hei ght of Tbherownweles Ieiuhc wndldisniot e devicarrelisivdowioleght . The sensor plane

3 is unfayoy s‘%m)@;uﬁ Hat *119 Qnevtgtﬂl, ﬁtﬁﬁo:@d is SQffici enYYQ'ﬂ]ﬁp Tﬂﬁt%,%ﬁvtlzﬁil d r[:!?t%c(:)tR/% ' bl e

reglon of use. For vehicle 6, e sensor Iles wt ssi'bl e
regi on ofﬂ®§@mMH0wnhewﬁww@lhmhélbm@meqwnéﬂmehrepsemumhaMAmheieensdnxphene

i's whol | Ya Mmﬁh&lcﬁa fc%’t‘hg hﬁl §lﬁr!§19108t%'5 cin, frortn ]F Ob] ect to be followed is

covered for a short own novement or the novenents of other
obj ect s, F%ehﬂhhhgédbemunumsWeSmHhe&mawmmwpmnanﬂdmiwnMEVhemh@dtﬁbUhnshoms a

Cg;:??;;' O%ge 19[%?&1'1%?\&1@ t}rme r()d('irgde\féq ]S]ITE%OI t?gl t E@]It ﬁ]%rsggi%)!f pg.étzﬁ{:{sgguent
planc 3 mqtallgd at the street t,dgc is visible. This meets the whlclc G" at the height of the whecl
hub and vehicle 6" at window height. The sensor planc 3 is unfavorable for both vehicles 67, 67,
which arc outside the possible region of use. For vehicle 0, the sensor plane lies within the
possible region of use.
Furthermore, the prerequisite is set that the sensor plane 1s wholly visible from the sensor 3. 1f
the object to be followed is covered for a short time by its own movement or the movements of
other objects, then this does not resull in impairment of the method, but shows a "graceful

dcgradation” of the method. That is, the increasingly [requent covering of objects has only a

decreasing data quality as a result.

Method,
The use ol the device according to the invention can be divided into three basic functions: firstly

configuration, secondly operation, and thirdly data exchange.

1. Configuration



Met hod. The use of the device according to the invention can be divided
into three basic functions: firstly configuration, secondly operation, and
thirdly data exchange. 1. Configuration 4 01 June 2006 Configuration
follows after the mechanical installation, which can vary greatly according
to the application. The configuration acts to define the working region,
or the working range, of the device and also to configupe Jore pab@neteri ze
t he use- spbcﬁitirmioap@lﬂd\@aﬂicoﬂns mclsmics pioeti fldtion, aipplh i:emah'r)omat&rECOIQing 9 tche
_(I:_ggg} gg?cgwphméoenc%ﬁd (,Ollfléurd{]mpdec?b lo%cfm(, thrh%fml\be aj';lOI(? )é?}éegtvoa fn%tmié’u oﬁhcs whi ch
can be si apliy: ‘111amdollmctcmﬂﬂ§jume>|rydlﬁtettenﬁtgc u& @lﬁ‘mﬂnSa@lhic ifidns tUe-dhoafic

configurati on For exa a so-cal | eﬁ Vi rtual N en b setting
two mar kefRPIEFION 4o gy hucﬂl@i“‘&‘*%‘?‘ﬂc"éﬁa e npeg iy ‘]68}" érP‘"‘“‘“l*h"gJ %%ts Fkers 13,
14 can be brought about by a | aser-based sensor system| w th optical
reflectors 15, 15" . After successful  input of the marker positjons, these
can be rerBRAUEIGH RIAMSISTS "tiﬁé?‘é’t‘ﬂo‘ﬁ“‘ﬁ‘ﬁé“?‘bﬁ'ﬁf HRHG' PLEHG VRIS B‘b?‘%l}ces

in mrror hdmafivelyngr serial i zed data processing which has taken place in
real time. Three nmain blocks are to be identified: Data acquisition (Step
1), Tracking (Steps 2-5), and Appllcatlons (Step 6). Step 1 : Wth a
sensor Wogki a . ALiS, Al [ Iy

et or mi ned and Farm Ui Fa QR R LIRAIDRTER el R ARy R AR

hori zont abdtynsand maknrs hr frofegniglaflill drsl dtihf;éﬂ boddi { hohg Id@lﬂ(l-rﬁéé 14nLaH be
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devi ati ons of are tolerable ‘such sensors are

LI DAR, whinpht cd‘elucemrrmemdmlsnsatimefscabjmtdm)\’éﬁ Rgren. of flight” principle. The raw
data are

2. Operation
The following listing also reproduces, 1n mirror image, the serialized data processing which has
taken place in real time. Three main blocks are to be identified: Data acquisition (Step 1),

Tracking (Steps 2-5), and Applications {(Step 6).

Step 1: With a sensor working radially in one plane, measurement points are metrically
determined and form the raw data. This plane is substanually placed horizontally and
furthermore fulfills the conditions defined in "prerequisites.” 1t does not need to be exactly
horizontal, and small deviations of up to about 10° are tolerable. Examples of such sensors are
LIDAR, which determine distances by the “time of {light” principle. The raw data arc
continuously determined and arc supplied to a computer unit via an interface of the sensor, 1o be

available for turther processing.

Step 2: The computer unit determines the static obstacles automatically and continuously by
statistical methods, and uscs them as reference. By "static obstacles" 1s meant the whole
background, thus e.g. on a street a row of buildings with garden enclosures, trees, but also parked

vehicles of any kind. 11 2 measurement point deviates from this reference, it 1s characterized for



continuously determ ned and are supplied to a conputer unit via an
interface of the sensor, to be available for further processing. Step 2:
The conputer unit determ nes the static obstacles autonmatically and
continuously by statistical methods, and uses them as reference- By
"static obstacles" is nmeant the whole background, thus e.g. on a street a
row of buildings with garden enclosures, trees, but al soOpaukedoo&ehicles
of any kin | f neasur ement deV|ates fromthis ref erence,_ |
character#f@ﬁr9d*”“%’ﬁ RN “9688*“Fﬂ??%%&a%WhWﬁ%ﬂPBﬁ“ﬁh@‘@Wdé“é%ﬂ@cted in
the sensenakga@uflata reduction fromthe data set of the background. The
background i tsel fcan, chan wth tinme, that is, e.g. a door is opened or a
vehi cl e i $iplickagung ietlgan %w WH" Hagi B ipfe- Adodangrsncd Thosdids swikkanges

i N conpar i Senwwhk t'g 1*@5'1@§ er ot <& s 1f.ok |595‘{§!E'(q|1"lﬁ)§T ?rpéﬁngﬁflgolﬂ'{fﬁlg%§ce9fth@ t he
background i nformati on and denoted ation"™ or dating" of the

backgrounﬁﬂbﬁhdB@H%ﬁﬁﬂpﬁaé%giwdh@U&h@“@“&@ﬁ“@@“%@@@uﬁ@%@% v proopitigon” er med
Obj ect da} )ﬁallﬂfb ! g{. {Fl‘bq) F(qug | M’%h%tcﬁfbd%‘%?(ﬂﬂlg '1[](?9%(9 0? nl%a Fﬁg]%fﬁ?]?%,g{r%rg]chu nd

and the object data aré avail e conputer unit
proce55|ngﬁm&béﬂ$*gnmlbcm&w@pOGOfSME7ﬂ%abdmeménulmmkg@smtmahhcb@emnem for

further eyrgla{’lf}ﬁil)l% |} th(a orﬂphl?tcu 1@9%%%%8&%1 (Itseel\j%j h obj ect dat fa’ are

al l ocated to one or ters an allocation of the
obj ect measur enent p0|nts to objects Clustering takes place by known

al gorith e. " snal eonetri.c dis ttm annin tree, "
" reans, g e i o Gy AR o L BEBR g T b ek PR

C- Means Ghaisstt or et Adatgam ailhmn d TER#NM@; b elust 3D TFha63sultd whth 2h983Jatiol bem
cluster allocation steﬁ b ? CO“S???Y the data points as abstract

obj ect's, SR (B el Par Sofi ke KRR (G eda el B ear . SBAUTKr o
further ugeehcirit ddii@Red mhiigal sﬁarﬁhﬂ)\/ﬁcct" ’@‘ lﬂ&InE. et Qﬁhcﬁ’gel Pbﬂeﬁﬂﬁmf famithe raw
data in a_plan view of the device arrang be seen with

the |ines" gy fonths Fypz %quﬂ”tgﬁé“?t‘awivl41§‘é‘1‘§1@en@s‘“\é{h&(“df@70%?(31: fHY 1882).

The cluster allocation step acts (a) to consider the data points as abstract objcets, and (b) to elTect

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 I 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 10, 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
teatures of all objects, and in fact application-specifically. Examples of algorithms arc "Minimal
spanning tree," "Feature poiut tracking," etc. {Yaakov Bar-Shalom, Xiao-Rong Li, Estimation
and Tracking Principles: Techniques and Soflware, Artech IHouse, 1983; Donald B. Reid, An
Afgorithm for Tracking Multiple Targets, IEEE Transactions on Automatic Control, 24(6),
December 19793,

[ an objcct present up Lo now in the context can no longer be found in the present scene, based

on the known, already determined trajeclory, it is then speculatively followed up as far as a
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arranged or correlated with these. The object neasurenent points 7 or

obj ect 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 wth these. Optinmality
relates not only to the position of an object, but also to the type and
features ofall objects, and in fact application-specifi catljune E&@dpl es of
algorithns are "M ninmal spanning tree," "Feature point tracking," etc.
(Yaakov BarcdShalionrh un¥éradrtRoneshbkl, i 3h¢ matdtan is andpda@d KSmegulRnierfollplies:

Techni que o 9 d. Al gorithm
for Tr ack? r]]sbs ;ﬂﬂhp u,smwan ’tn é\()(fhd‘;llt,l TRELRO tﬁsr ahi]\afglflfil(l)}r:])g('rg (B ndenstt{jén I“Antcgtmcol
24(6), Deﬂﬂﬂﬂﬁﬁ51eﬁg%d1mﬁmﬁﬂj0bhﬁﬁiKﬁm&&th@U@ tmpnpmmtmamheIaankeXimman

no | onger be found.in the ent s on the k own, . al

ot er el 00 o B p6pgec o Pieh R SREEG b oery FOT bt M e hdPoEt, o1
June 2006spragetierdshaedouncastai nty threshold, i.e., the trajectory i's
extrapol ated. Specul ative follow ng takes place usi ng known stochastic

met hods, e.g. Kalman filtering, "Condensation Filtering," (Mhinder S.

Gewal ,  MAOUSHR:s IANETEWRm MKl IBInd b &1d tB8hoWNENENs ANChIE A6k &Bime 1o a
Prentlce hall, 1983). A set of objects or object representations wth

char act er fl8$tEA s HHEnG lopvhilefn the past e et hsdinge U Swclyssy fs carrze reeualgdivon of

Step 4. Fl:lgaluSA %hd(?ly\ﬁ ht Q%x-ﬁldl(,@gt@ﬂ Lqrft(,(l)cn(,p qultl% "m%gdt%h@ﬁk%a&gdtmgl\’m obj ects
inaplan view At time toa cluster Awas at tine to while in the past,

i.e. at t#epltdcmentol thehaiet dsmewhiah tl@anpvmewme@éqmuéedd His ragsiigsy efrthaokigdi n.
The singl &‘ctgﬁﬁ gﬁt ﬁ?t sffibm'ho[d%rf?er’lﬁe clfitc Cﬁ %ﬁ% {6t 1119&3(15& H3g, BF gnsl ati onal

di spl acenen rom e novenent 1s derived and the
trajectoryx@mnmﬂesdbﬁedtamdﬁmedhmmeghcﬂmeusamenwbtd@ohmpﬂihe clusters B and
B . Wth the allocation, cluster B is recognized as cluster B again, and
hence gives the trajectory for the object B. Step 5: For all objects in
cont ext oSmpﬁE@ﬁnﬁohmutheumﬁﬁna]wvhmindnﬁesmomdka@upamﬁmymemsuamenmmwv

updat ed. Foltrggg c a}r hﬁ)z;(t g‘hcc(% %d]? l’ldll ézitzQQuaL tpea Glswgc%hangsdir}‘:(%%ﬂ arc tpa?cugatedn and

direction'®
also further type-dependent geometric information, such as ¢.g. length or width of vehicles. For

speculatively followed objects which arc not visible, only the uncertainty metrics are updated.
The objeccts, or object represcntations, thus now present are collected in an object database 1n 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 spced vector, can be allocated to the object A. This permits a

classification of traflic objects.

Step 6: Possible uses or applications arc based on the thus produced object database, which
contains the present state of all objects in the scene and also their correlations in the past.
Measurcment of trafTic flow serves as an example. In this case, only a "virtual loop" nceds to be

defined; a counter becomes active when it is exceeded.

‘1. 7 shows an embodiment example with "virtual mducti ) ;
Fig. 7 sl bod t ple with "virtual induction loop." The sensor 1 with the

bounding lines 3, 3" of'its fan-like working region can be seen. An object 1s shown with its



al so further type-dependent geonetric information, such as e.g. length or
wi dth of vehicles. For speculatively followed objects which are not
visible, only the uncertainty netrics are updated. 1'he objects, or object
representations, thus now present are collected in an object database in
the conputer unit and remain available for a series of uses, or for
introspection. Fig. 6 shows the determ nation of paranetensunebaded to

obj ect s. PW wi nd witBSheWehrkci@$3 a 4speed
vect or, EHﬂ%ﬁﬁﬂrﬁg%gbé%B§£2%£ ”%EIQE?RQE f$|s03g§ﬁ?%£ 5 classification of
traffic obpen&sﬂtS@eglﬁvm@@é&kb*émusesmoﬁﬂaypﬁlcatlons are based on the
thus pr Odﬁ H (?L»kc%cl¥rargaét 1%9?15 Sl aﬁﬂ tglhthe Peqn%ﬁi pﬁfltnnﬁtrm] estﬁﬁ"ﬂt%uiltuﬁctﬂjns afpcl
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shows an 5di%tent exanple with "virtual induction |oop.” The sensor

with the hounding lines 3, 3' of-its fin-like working region can be seen.
An object is showmm with its 01 June 2006 positions at tinmes t,), t, and
t2. A "virtddf ¥RakE i on | oop” 20, produced with the markers 13, 14, was

passed througda Behihgedah] B vardubaipieabnt (MRSation, ARSI dan be Sudh aeni dilifoe
arrangenment is suitable for the realization ofnronltorln and trigger

funct i ons furthseproggsgipgicenyuewsl e anciHie ip By wads: H*{”*Hﬂgd}r%{ﬁga?t“b&‘ﬁag'-‘(:an be

suppl ementigd Wtk RE usReEHocAlh BRMnird el Einipedfor 3 ﬂo%o&lr@%ﬁih&ﬂg@s@hﬂ dat a
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control, for exa lowcontrolled traffic signal apparatus, or to
trigger atlplhrmtltbubrv wirdeoviederer Acteeiubrauo Vit far Wiibetsh drode preargird nednish
bat ch

memory in the computer and can be exchanged by wire, wircless, or physical transport of the

mass menory.

Further Uses

The nicthod is suitable for detecting or identifying numerous traffic violations, namely all those
which are not static in natare, but can only be detected by analysis of following the object. The
basis for a subscquent 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 possibilily that
disturbances of traffic flow, c.g. collisions, can be detected, and the measures for documentation

(photographs) can be activated based on the above data.

A further use is hereinafier described as an example which is not in the traffic sector but is in the
ficld of safety (cchnigue. Automatic and oplimum guidance is concerned with one or more
surveillance cameras, controlled with a guidance system, which uses onc or morc 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 1o attain the

strongest camera sctling (angle, zoom).
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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 alarm systens can be controlled. Safety mechanisns such as autonatic
doors can he controlled alone or in cooperation with a guidance system
The nethod can be inplenented easily in traffic control with the presence
of the abovenentioned objects. Cains 01 June 2006 1. Nethed2bos the

per secut i éHawhs obj ects, particularly for traffic nonitoring, using an area
nonitoring sensor, caracterized in that an essentially horizontally radial
measuring sensor (1) is acquiring netric data in formof neasuring points

(7) as raw. dattiedd foreed penmeimg ofF otijpaebpitizadiphjraetisc (@hitbAn@ising
operating domain of the sensor, the raw data being conducted to a

processi nG uni® HIRGUPHAE SPR¥F T SV R HeAr 8 N5E SlesSHRIANY thwszppigtiedaddy unit
in real tinWsufngdehsd (Wl dda@tringhee@bjRed & o AhasDah§ peedr)anrdahhei r
geonetric particulars are determned. 2. Method according to Claiml,

wher ei n a 958 EEPatryardmwpilized abieskdRblisIryoRfERE donatPfitee serrbt ed or
updat ed wien thileffaah&inGhan@BstedSto NebiREsa65 Al A8 tRaCuM Mhlk 84ta2are

wherein objects (6) in the present scene are followed and present
par amet er Srecese_ e Hiv pregesad uphé s tinscenashar waydhalelhet edesib tB) atee

par et o1 So0loll e bRtk B MeUPOL GGG Le one of Clai m 13

wherei n objects can no | onger n the present scene are
specul atively followed further based on the known, already determ ned

traj ectory, Mefold R LdRUSHM NEEHNEQLTALE Hod i od o
according to Crans % or 4, whér ei n thetﬁar3ﬁ%?%?”%?g?k%n?ng%gggm%%ngfS(6)

is set to2apkdayypdasm) ehondhers prechypest i on from present and past scenes.

3. Method according to Claim 1 or 2, wherein objects (6) in the present scene are foliowed and
present parameters arc determined, and the past scenes are correlated with the parameters of the

objects.

4. Method according to one of Clatims 1-3, wherein objects (6) which can no Ionger be found in
the present scence are speculatively followed further based on the known, already determined

Irajectory, up to a predetermined uncertainty threshold

5. Method aceording to Claim 3 or 4, wherein the parameter of the followed object (0) is set to

be available for introspection from present and past scencs.
6. Method according to one of Claims 1-5, wherein a simple and intuilive “in the loap”
configuration is made available, the same set of sensors being used for the configuralion, or

parameterization, and for operation.

7. Method according to one of Claims 1-6, wherein virtual induction loops (20) are defined, or

establislied, in order to realize monitoring and trigger functions.

8. Mcthod according to onc of Claims 1-7, wherein the traffic llow and/or the speed are

measured.
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6. Method according to one of Clainms 1-5, wherein a sinple and intuitive
"Iin the loop" configuration is nade avail able, the sane set of sensors
bei ng used for the configuration, or paraneterization, and for operation.
7. Method according to one of Clains 1-6, wherein virtual induction |oops
(20) are defined, or established, in order to realize nonitoring and
trigger functions. 8. Method according to one of O ains D4dunsBied®i n the
traffic flow and/ or the speed are neasured. -10 01 June 2006 9. Met hod
according to one of Clains 1-8, wherein traffic objects are classified. 10.

Met hod acgogdingg .&@r@mnefe 6F @iaies 118 Qyhaie kel odjebts arcafifskicicdi ol ati ons whi ch
are of a non- static nature, but can only be detected fromthe anal ysis of
foll owi ng the object, are detected and docunented. H Method according to

d ai m 10, 1%%@!)&1&5%@ 16 o¥b Of @hiInQNSY, WAEHdeN 8atiB giothioaughich hafdfiagon-
signals, going over stop |lines and safety lines, and disregardin
pedestriaﬁaﬁcp&@@é@éﬁ@éﬂélbﬂ@@@%@h$¢%ﬂwéﬁﬁﬁ%5%Ué@mngﬂﬁﬁﬁﬁﬁhﬂﬁékg?ﬁﬂﬁﬁdto
d ainllo,d@p%g%kﬂ di sturbances of traffic flow, e.g. collisions, are
detected and the neasures for documentation (phot ographs) are activated
based on the existing data. 13. Method according to one of Cains 1-12,

wher ei n Sl(.jl’] ‘\[;l\glut‘lplﬂteggccgr 1rrg§t§%%1§1nj§) \%F&Qing]%ﬁ?ca\q?lgﬁtﬁls il%ﬁudﬁlggrr{gt%ﬁélgmﬁ@-r €

controlle aval I"e oﬁ'éc representations al one or 1h conbi nation
Wi th a guisgameegonystvendtorlines Mt huddy hosondidigediolignedefiri@isairagedgnce 2l wher ei n
saf ety mechanj sns, such as automatic doors, are controlled by the
avai | abl e P6HFEEY “PéPPesent ati ons al one or in conbination with a guidance
system

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

detected and the measures for documentation (photographs) are activated bascd on the existing

data.

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

with a guidance sysiem.

14. Mcthod according to one of Claims 1-12, whercin salety mechanisms, such as aulomatic

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 1s implemented with the

available object representations.

16. Device Jor 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 objects (6)
moving frcely in a working region of the sensor, and is connected via an inlerface o a computer
unit, wherein the computer unit is equipped with software, and this software 1s availablc for

calculating object represcntations from the raw data of the sensor.
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15. Method according to one of-Clains 1-12, wherein traffic regulation is
inplemented with the available object representations. 16. Device for
perform ng the method according to one of Clains 1-15, wherein a
substantially horizontal radially-ncasu ing sensor (1) is provided for
detecting netrical data of objects (6) noving freely in a working region
of the sensor, and is connected via an interface to a compuiues 200t ,
wherein the conputer unit is equipped with software, and this software is
avai l abl e for calculating object representations fromthe raw data of the
sensor. -11 [m;kic.ﬂ:ulncand?iﬁg)ﬁ) AZim Dewleeiade eendim(d) terdkma) imidd snhlethed ity sther

sensor i nst s sensor plane (3) is at
| east 25 %HPhh 5?‘?5“@%? 8§?ﬁﬁbh@P#¥”%°llg Devi ce according to
Claim16 or 17, mhereln t he calculatlon of the object representations
g_gi(ig lea{ ig é?ag llL:L.?lgﬂfog nlgbg {Jllﬁ]@a Brr } 7[’7'8 Eer\élgctﬁ% a Cll?)il?ln ggthté %bj%g'[ rc;?rfcscnla?lons

takes place online and offline.

19. Device according to one of Claims 16-18, wherein it 1s designed for mobile use.



