1 Method and device for detecting a passage associated with an access door.
This invention relates to a nethod for detecting a passage associated with
an access door, for exanple an imm gration control point, a boarding gate
or the entrance to a secure building in particular in order to guarantee

t he passage of 5 one person only. The invention also relates to a device
for detecting a passage which is able to inplenent the nethod according to
the invention. In the access doors above it is necessary to guarantee the
passage ofMethod ﬁ@?’sﬁﬂ’\"%f‘}" dotesting a paspage assogited with@n acegsridenr.
passage of an unauthorized 10 person which could have serious consequences
in particular for security. In particular according to WD 93/05487 a
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- a single person hesitating or hopping, etc. 25 The purpose of the present
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In particular according to WO 93/05487 a security door is known comprising
sensors capable of detecting the simultaneous presence of two people in the
passage compartment of the door.
However, the detection system described in this document is not totally
15  reliable.
In fact, a reliable detection system must be able to more than 99% guarantee
the passage of one person only.
For this purpose, this system must be able to detect, the passage:
- of two people side by side or following one another very closely,

20 - of a single person accompanied by a child,

O

- of a single person pulling or pushing a trolley or other luggage (coat, small
suitcase, etc.)
- of a single person carrying a child, a bag.

- asingle person hesitating or hopping, etc.

25
The purpose of the present invention is to improve the known methods for
detecting a passage in order to almost completely guarantee the passage of one
person only.
30 According to the invention, the method for detecting a passage associated

with an access door, for example an immigration control point, a boarding gate or



2 the entrance to a secure building in particular in order to guarantee the
passage of one person only is characterized in that the profile of the

person is determ ned by neans of a vertical row of infra-red emtting cells
Dl arranged at the entry to the door opposite receiving cells connected to
a control unit CU which nmanages the 5 sanpling and the frequency of em ssion
of the signals and as a function of this profile the access door is opened
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Preferably also, the profile is divided into zones that are processed

separately.
15 Moreover, each zone is characterized as a function of its dimension in order
to determine whether the zone corresponds to a man, a child or an object.
According to an advantageous version of the invention, each zone which
touches the ground is characterized so as to distinguish, by the shape of the zone,
a child from a trolley and a child from a satchel or a backpack and each zone
20 which does not touch the ground is characterized so as to distinguish a carried

child, from an item of luggage.

Preferably, an additional filtering is carried out in order to eliminate backward
movements of the person and the profiles are reduced to their true size.

The profiles obtained according to the method of the invention make it
25 possible to detect, in particular:

- a person accompanied by a child,

- two people following one another very closely,

- a person moving forwards then backwards and moving forwards again,

- a person jumping,
30 - a child following a large trolley,

- a person carrying a backpack,

- a person carrying a child on their back.



30 - achild followwng a large trolley, - a person carrying a backpack, - a
person carrying a child on their back. 3 According to other characteristics
of the nmethod: - after dividing the profile into zones, the size and the

vol ume of each zone is determned, - afger identification of a zone
touching the ground, a trolley or a bag is 5 identified as a function of
the volune of the zone, - after identification of a zone not touching the
ground, a chil ' j | f .on of the volune of the
zone, - after g?%rgﬁ}*%g%hgr 8@%@%&%&@?&?@&%& oc;ones, t he passage of
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passage of the perRepple S—'cjaerréléﬁ'éﬂef'ﬁrcpez?ﬂ? ying the profile determ ned by the
first qgetection level in 25 order to obtain a profile independent of the
speed of passage, - neans for conparing the profile obtained with an
archi tect ure ofcgording ¢ ancdinerafeatdre 0f heeinventiomcther deviget for adétectirfgeat ur es
of this device: . . .

passage associated with an access door, for example, a boarding gate or entry to

a secure building in particular in order to guarantee the passage of one person

only, is characterized in that it comprises:

15 - a first detection level formed by a vertical row of active infrared emitting
cells (D1) arranged opposite a vertical row of receiving celis in order to
determine the profile of a person who is entering, these cells being
connected to a central processing unit (CPU) which manages the
sampling and the frequency of emission of the signals and means for

20 controlling the opening of the access door or keeping it closed.

According to a particular embodiment of the invention, the device comprises:

- a speed sensor D3, for determining the speed of passage of the person,

- means for modifying the profile determined by the first detection level in
25 order to obtain a profile independent of the speed of passage,

- means for comparing the profile obtained with an architecture of profiles

contained in a memory.

According to other features of this device:
30 - the means for determining the speed of passage comprise a Doppler
radar,
- it comprises a second detection level formed by a passive infrared cell

or thermopile, for detecting the presence of a cold body,



30 - the nmeans for determ ning the speed of passage conprise a Doppl er
radar, - it conprises a second detection level fornmed by a passive infrared
cell or thernopile, for detecting the presence of a cold body, 4 the
second detection |level precedes the thirg detection |level which is
constituted by the speed sensor, the radar of the third detection level is
arranged at a certain distance fromthe entry to the access door and is
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di agram of the control syst em associ ated with
transversely to the passage, 4
- the sensors of the fourth detection level comprise at least two ultrasonic
detectors arranged in the upper part of the entry to the access door and
orientated so as to diffuse their beam downwards.
15
Alternatively the fourth detection level can be carried out by:
a) a detection of feet by means of distance sensors, situated
horizontally at the bottom of the equipment
b) analysis of a camera image taken from the front (detection

20 of contours)

e Other features and advantages of the invention will also become apparent in

the course of the following description.

25 In the attached drawings, given by way of non-limitative examples:
- Figure 1 is an overall perspective view of a device for detecting a
passage according to the invention,
- Figure 2 is a diagram of the control system associated with the
device,
30 - Figures 3 to 7 show different examples of profiles obtained by the first
detection level,
- Figure 8 shows a profile obtained by combining the first and the

second detection levels,



device, 30 - Figures 3 to 7 show different exanples of profiles obtained by

the first detection level, - Figure 8 shows a profile obtained by conbi ni ng
the first and the second detection levels, 5 Figure 9 shows a profile
obt ai ned by conbining three detection legels, Figure 10 illustrates the

frontal detection of one person and of two people, Figure 11 is a
di agrammatic plan view of a nonodirectional device 5 with two doors, Figure

12 is a diagrammati g; ' o raeRI A £ i ' | : ggqus
Figures 13 to 17 ar g' |r§g@réellﬂr§”%5ﬁgvr\nafrq§ @ﬁ%ﬁéggge@&ﬂgwﬁé%ggtgeﬁgﬁnﬁl ur'i ng
t he successive- i npl Eigameat0 dlustrateshthealfiohtal edete cticre of iome perssinsand 1 two
Figure 18 illustrates the stage of dividing the profile obtained into

zones, Figure 19 il PG8Pates the stage of detection of the maxi ma and ninina

of the profile obtarpgfle H WiCaiagPardfthtiélplbh! HEW &t & hoHbIREAIBNAFUedice
detection. 15 In the enbodi nent fepresented in Figure 1, the device

conpri es an accesswitbdwo daorpri sing an entry 1 and an exit 2 giving access
to a departure area_or to,,the entrance.of a building,. This access door
conprises a certain' fAHBel? & as‘ﬁﬁg@r@mﬁﬂ? PN Vigy Of)@gpﬁjérecgﬁn%o FYIeH N, g
the functions of whyghdeotd be explained in detail below The device also
conprises (see Figure 2) a central processing unit CPU which conmuni cates
with a menory M whi Eigurentlditas! 7aareadisgranes showingftherseiquesse odtlee pragramise

di fferent sensors D

able to open the dOéprirl[g)’g'(t)rpgggg%s{vggm%@teh%ioﬁhqgﬁéI%'ifi%eﬁf“géﬁ ".l)Jn Ib%’ eﬁ;llaso
accesgqdoor conpri segureves allustrited Ihefstagé astt difidling the profile obtained into
zones,
- Figure 19 illustrates the stage of detection of the maxima and minima
of the profile obtained, |
- Figures 20 and 21 illustrate four examples of detection.
15
In the embodiment represented in Figure 1, the device comprises an access
door comprising an entry 1 and an exit 2 giving access to a departure area or to
the entrance of a building.
This access door comprises a certain number of sensors D1, D2, D3, D4 the
20 positions and the functions of which will be explained in detail below.

The device also comprises (see Figure 2) a central processing unit CPU

)

which communicates with a memory M which contains an architecture of profiles
and with the different sensors D1, D2, D3, D4. The central processing unit CPU is
also able to open the door P or keep it closed and trigger an alarm A.
25 The access door comprises several levels of detection.
The first detection level is realized by recognition of the profile of the person
and the objects.
In order to acquire the profile of the people/objects passing through the door,
two rows of active infrared emitting/receiving cells (D1) are used placed vertical to
30 the entry 1 to the door in order to create a vertical curtain of transverse beams.
This profile recognition system allows detection only of the great majority of
“normal” passages through the door.

In particular, it makes it possible to detect:



The first detection level is realized by recognition of the profile of the
person and the objects. In order to acquire the profile of the
peopl e/ obj ects passing through the door, two rows of active infrared
emtting/receiving cells (Dl) are used pkaced vertical to 30 the entry 1 to
the door in order to create a vertical curtain of transverse beans. This
profile recognition systemallows detection only of the great majority of
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closely or carryi ngodaaggﬂm)ugmmts accorrpani ed by children. 5 The
follow ng cases are difficult to i entlf with the 151 detection level (i.e
t hey can be detected® ts%qolmFP%ﬁ% p¥Ich H%"qni-ty of detection): 1.

di stingui shing between: a. a person partially passing through the door then
novi ng back a step then passing through the door (see the profile
represént ed i nThéGoIlb\glngecéis)es bre diffieult ton idextifynguith tha f1S't detecliore devehdi.e.

profile in Figure 4), tin %eethe rofile in Figure 5), i.e. two
peopl e f ol NGNS bemde te&Fﬁfiﬁ ‘%a]i‘b%ﬁ%l ?a@htyap %“otH)"ﬁurrpl ng/ st eppi ng over the
detection cells X@chi'l'&f ﬁplng between a large trolley and a child
who is tallgatlng ngul shi ng between a backpack and a child on

soneone' s back (seea. tehpepoof phdiallp gFasgingetBdugls. thekm)qratheagmoufngsbaek al
peopl e side by side. 20 In order .to dist en a human and

o human 1 n-vases. - 3otem et passing tiorob i apr (558 T7a pafl debisssateskin

i nfrargds sensors are pigae 3 4)n order to 1 constitute a second detection

| evel . The passive infrared 'sensors used (D2) are so-called "intelligent”
sensors, i.e. capabbe aopersdapnakiggtachalfkirn (sertheoprodite int figare 4),

c. tailgating (see the profile in Figure 5), i.e. two people following one
another closely,
2. a person jumping/stepping over the detection cells,
15 3. distinguishing between a large trolley and a child who is tailgating,
4. distinguishing between a backpack and a child on someone’s back (see
the profile in Figure 6),

5. the passage of several people side by side.

20 In order to distinguish between a human and non-human in cases "3 and "4“
— identified with level 1 above, passive infrareds sensors are used in order to
N constitute a second detection level. The passive infrared sensors used (D2) are

so-called “intelligent” sensors, i.e. capable of adapting to their environment thus
overcoming the main fault of conventional active infrared sensors (that is, the
25 strong influence of the environment). These sensors can also be thermopile
sensors or sensors with ambient temperature compensation.
The profiling realized with level 1 indicates in cases “3” and “4”, whether it is:
- a suitcase or a bag
- probably a suitcase or a bag
30 - probably a child
a child.



overcom ng the main fault of conventional active infrared sensors (that is,
the 25 strong influence of the environnent). These sensors can al so be
thernopil e sensors or sensors with anbient tenperature conpensation. The
profiling realized with level 1 indicates in cases "3" and "4", whether it
Is: - a suitcase or a bag - probably a suitcase or a bag 30 - probably a
child - a child. 7 The detection by passive infrared cell nmakes it possible

in the detecti I |2t ki deci si th d.and 3 | nt
above. Fi gur o TIRHSIETHR bROBSVRORIBIS] REl FasRut esilb it oo AoERisBcohy

the sensor gyePl ttRfhi@ta bBGisioPor e 27efrid 9 pbints agevdy the sensor D2. 5 In
order to inprove the detection two passive infrared sensors D2 are used, as

shown i n Fi gurkigure tshosvsaatstbegmdtoinh bétheofigurprtbe profile absainadiblyithe sessars f our
sensors D2_hy arr i.n t WO Sensor.s site t ther sensors. If it is
desired toDBi%ﬁ%@ﬁgéﬂgﬁ'é‘?R/E%fﬁeé?%gaé%‘gﬁ?g%‘? ??%?‘%’A@)g'assi ng through the 10
door then novi mdorkfes ko dmprARe tHeedeteaton Ao iPasSNBNnfrAR 186k sors PEAFOUsE®KI NY
a half-turn, and two people follow ng one another closely, it is necessary

to acqui r eas showoéda Figuretle direction of nmovement. This information is

Floure 1 or 128y Hanstif e (hals¥8 he bbb Lo But REpsdiEpa &Y afiahdMeei ng
passed thi@igdnsdiy oppdsité BN6 otharasEnserent taken facing the passage
(measurenent at re ulpar i nt erval s%. 20 Thus a third detection level is

realized. Figulfédt ® desites tondistinguish hstwean @ peesoacpardally rassingdghroughstheed of
Passa98, O aBor el BelNb SR 810kh ndl pASSRRIGR B e oar 8300805 AR
half-turn, and two people following one another closely, it is necessary to acquire
an idea of the direction of movement. This information is provided:
- by a Doppler radar D3 facing the entry to the door, as shown in
Figure 1, or
15 - by two or three successive active infrared barriers being passed
through.
- by a distance measurement taken facing the passage (measurement

at regular intervals).

20 Thus a third detection level is realized. Figure 8 shows the result of this
o detection.
- Knowing the speed of passage of a person and optionally of an object, it is

possible to modify the profiles in order to distinguish them with regard to speed in
order to facilitate their comparison with the architecture of profiles stored in the
25 memory M. This fourth level of recognition of the detected profiles makes it

possible to considerably improve the performance of the system.

A fifth detection level is envisaged in order to detect people passing through

the entry 1 of the door side by side.
30 This detection is particularly useful in the case of wide passages. In fact,
profile detection (level 1) does not allow detection of people simultaneously
passing in front of the sensors. If the passage is not perfectly simultaneous it is

probable that this fraud will also be detected by the profiling of level 1.



order to facilitate their conparison with the architecture of profiles
stored in the 25 nenory M This fourth |Ievel of recognition of the detected
profiles nakes it possible to considerably inprove the perfornmance of the
system A fifth detection level is envisgged in order to detect people
passing through the entry 1 of the door side by side. 30 This detection is
particularly useful in the case of w de passages. In fact, profile

detection (levgl. | ) .ion of people simultaneously
passing in fro tbs@et?ﬁ@%éﬁi%égaﬂﬁ&%@tﬁ%asSage is not perfectly
sinultaneous it is @Prigrizohealt prffilibdi carfiedusutwby | ulrhsonieeddriction ecelisy D4he
profiling of |evel 1. This detection can be carried out bé{:jt a horizontal
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can besrepl aced by |dsiwards. | These edirasomiosensdisusart be plddddebyléasartarons
can be used. These sensors provide the distance information in a continuous
manner whi ch al | ows IBfrRERdSNSsE o hUE Ao Psolie dedegtionscanthR useds i | i ng,
carried out by the thr I & I ble t. :
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t he door. Figure 10mahaeswhich dllowoa lateral profilingtedsamalieéda person and at
the bottomtwo people fraudulently passing through the entry_side by side.
o - Avariant involves [R¢ r@?ﬁ"%t E%Jg'egf OH?tbb’ag’t?n%%’e%ﬁgB?f%f? B4, qaakes {5

nmeasur@ment system whi g Hiadd I ~fC t he
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- A variant invol vesassingthreaghehearmgnia ihendoor. aRiguradd shodsiatdhe e iang
t he passage. 20 Anot her technique invol ves usi ng di stance sensors ¢ (see
Figure 1) in order normalpassage of a person and at the bottom two people fraudulently
passing through the entry side by side.
o - A variant involves using, instead of ultrasonic sensors, a laser
15 measurement system which, by means of a rotating mirror, can
carry out the profiling in a vertical plane perpendicular to the plane
of the profile.
o - A variant involves using shape recognition on an image produced
facing the passage.
20

- Another technique involves using distance sensors c (see Figure 1) in order

O

to detect feet. When an adult or a child passes through, the feet are located
and if the distance between them and the lateral uprights of the device is too
small, then this means that:
25 1. a person is passing through with very large strides (unlikely)
2. a person is passing through with a trolley beside them
(unlikely as trolleys ére behind)
3. two people are passing through side by side.
In order to distinguish between cases 2 and 3 above, the information
30 provided by temperature sensors can be used. In fact, the heat given off at
ground level by the leg is greater than that given off by the trolley. Moreover,
the distance sensors are placed sufficiently low down so that passengers’

suitcases are not detected.



to detect feet. Wien an adult or a child passes through, the feet are

| ocated and if the distance between themand the lateral uprights of the
device is too small, then this neans that: 25 1. a person is passing
through with very large strides (unlikelg) 2. a person is passing through
with a trolley beside them (unlikely as trolleys are behind) 3. two people
are passing through side by side. In order to distinguish between cases 2
and 3 above, the information 30 provided by tenperature sensors can be
used. In fact, the heat given off at ground level by the leg is greater
than that gi venApbfhepsoldtont inobives usMyweétectnbhdaevﬁlgﬂaunaﬁhushrthersensme

pl aced sufficiently |l ow down so that passengers' . suitcases are no
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detectison levels 1. 5 - Another solution |nvoI ves using a capaC|t|ve
measur enent system When a person passes through the door, 5(5343')
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detect two peolpétwe[wsmm@ondbctwgr(plaicdd dry athée sb@eanfsmet passhdd)ectearesi n

capacitive rre%ur enen two peopl e rather than just one C%@@Beg asur ed.
S C

It is also posRfEAUSE th MYMATE body bRs é’é@'?%tﬁ'cﬁh%rﬁP?”lsH%lmi’ entevel
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neasurenent sections hese sections are arranged vertica
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a door with unjdirection ess, no _det ctlon of passage of one person 20
only is carri ¢¥QREORIE I gbﬁ"ilusf RNBC48r ec’é‘eéﬁg[ﬁcg that nobody enters the
control point fromthe opposite side, two radars are installed at the top
of the entry 1 and

It is also possible to improve the detection of this level (detection level 5) as

15 well as that of level 1 by the use of several separate capacitive measurement
sections. These sections are arranged vertically (for example, a first section
10 mm to 310 mm high, another 600 to 900, 1200 to 1500).

In a door with unidirectional access no detection of passage of one person
20 only is carried out at the exit. In order to ensure that nobody enters the control

point from the opposite side, two radars are installed at the top of the entry 1 and

S of the exit 2 in order to ensure that after the exit door shuts again nobody remains
in the control point.
One of the radars is equipped with x-MTF technology making it possible to
25 detect a mere presence (the radar is then capable of detecting very slight
movement such as the movement of the ribcage caused by breathing).

An alternative to this solution involves using a system for the supervision of
an active infrared control point or an multispot active IR sensor in order to monitor
30 a presence or lack of presence in the airlock. This solution has the advantage of

detecting suitcases left inside the control point.



of the exit 2 in order to ensure that after the exit door shuts agai n nobody
remains in the control point. One of the radars is equi pped with x-MIF
technol ogy making it possible to 25 detect a nere presence (the radar is
then capabl e of detecting very slight ngyenent such as the novenent of the
ri bcage caused by breathing). An alternative to this solution involves using
a systemfor the supervision of an active infrared control point or an

mul ti spot acti eIRs n order to no esen

resence. it haHre | JERRSh AhGwSAPY hobRoRBL indh TalimcByERE T tad oedd agd
sui tcases §ieddtionnsdtdstidheeiontrol point. 10 Figure 1 further shows, by
hori zontal lines T, the |ocations of the speed and direction detection

cells. Figures 11 and 12 show in plan view the access door and the | ocations

of the 5 varipus sepsors.,Figure 11 illustrates the cas

i di recti onal FBER DhAeH 124 Euaam e ShRcen PEarff iR olatopsofipe

i1l ust sat egaddips seroro®f a bidirectional door which can be passed through in
two directions A and B. In these figures S1, S2, S3, S4 designate

sensors whi ch Rigurend1 lltmmﬁo}h@c@&ﬁoftménthregmal|d®@emh|@hlsmassnﬁutbm@he
necessary E?é:‘rl e operation of the device. The sensors D1, D2, D3, D4 have
al r eady beé‘ 'Pﬂébd above and provide the different det ecti on |l evels of

the invention.F ﬁreThqulustrﬂafebethéa@@sé)bf@ bidirdttietdli ot whighi 6dh BeChasyed
represented in Figure 11: S1 is a Doppler effect radar arrangdg at the

entry to tHeodgh én tweodiregtiongi Acand En Ap these diguresa &l \&2.i BBr Sdedesighate

et a0, oy verisdfs Bbich afePDGBE sbiek o B plsSeaIhERLORBREWIER reifibcsS D i on
A. - S4 |Sf0arm@@bem|ohrﬁfrtné@@vmll arranged at the exit fromthe second door

in direction A
The sensors D1, D2, D3, D4 have already been defined above and provide

the different detection levels of the invention.

15 Thus, in the case of a unidirectional device such as represented in Figure 11:
- S1 is a Doppler effect radar arranged at the entry to the first door in
direction A,
- S2 is an active infrared cell arranged at the exit from the first door in
direction A,
20 - S3 is an active infrared cell arranged at the entry to the second door
ﬁ in direction A,
- S4 is an active infrared cell arranged at the exit from the second door
in direction A,
- D1 is a curtain of active IR cells associated with passive IR cells in
25 order to determine the profiles and make the distinction between a
person and an object,
- D1 combined with D2 (which can be S2) or with D3 (Doppler radar)
intended to determine the direction of passage and the speed,
- D3 and D4 are Doppler radars for detecting the presence of a person
30 between the two doors and intrusion from the opposite direction,
- D5 is a curtain of active IR cells which is used in the case of wide

doors only.



- DL is a curtain of active IR cells associated with passive IRcells in 25
order to determne the profiles and make the distinction between a person
and an object, - Dl conmbined with D2 (which can be S2) or with D3 (Doppl er

radar) intended to determ ne the directifon of passage and the speed, - D3
and D4 are Doppler radars for detecting the presence of a person 30 between
the two doors and intrusion fromthe opposite direction, - D5 is a curtain

of active e ' 4 [ e fe - t he
case of t hg‘%fédél Ar%cwg%a '“gégﬁ?"?ﬁa'é% gfglréaal c’%’gﬁ 88Ié?\éﬁdggrelg,@’ot{h%e&gérﬁr{%enré%nrrteéﬁ of
the sensortheSensdes SD2B2 (DR), D3, DS is gymedetiical|fof the twreddows. doors. The table

bel ow shows, the different detecfjons carried out by the device according to
the i nvent f b {akje Geiomshewsrine shifersht drlections RaGIEdRtRVARE deviessaegorgiRIONE
PERSON O\I%tﬁ obstacle LEVELS 1 2 3 4 5 Sensors D1 D1 D1 + D2 D1 +
D2 or D5 + or BS D3 Procedures Rough Human/ Direction of Speed of
Frontals Intrusion profile Non-human novenent novenent passage in opposite

di r ecti op—TFallgating /> XxO—0)—Piggybacki-ng—Adult+ X x—(qQ—00)
Child on| bpotacle®] | eys X x (X) (X) pérbdigh over ** x  Slip 1 yRuh o | AivEiang at
x X PASSAGE OF ONE PERSON ONLY PRESENCE | obstacle
LEVELS 2 3 4
Sensors  |D1  |D1 Di+D2 |D1 + D2 or|D5 D3 + D4
or D3 D3
Procedures Rough | Human/ Direction of | Speed of Frontal | Intrusion
profile [ Non-human | movement |movement |passage |in opposite
direction
Tailgating /
Piggybacking
Adult + X X (x) x)
Child on foot
Trolleys X X x) (x)
Jump over ** X
Slip through | X
.
Jumping at X X
b entry
Child on back | X X
Child sitting (x) X
on shoulders
Child behind | (x) X
a skirt
Frontal X X) X
tailgating ****

*  two people following one another closely or a person carrying luggage
**  jump over

10 *** slip through
**** two people side by side



entry Child on back X X Child sitting (x) x on shoulders Child behind (x) x
a skirt Frontal X (X) X tailgating **** two people foll ow ng one anot her
closely or a person carrying luggage junp over 10 *** slip through "'"" two
peopl e side by side 12 The program whicfy controls the different detection
and recognition functions is witten for exanple in Visual C++. O her
programm ng | anguages such as progranmed PLC or others can be used w thout

exceedi ng the scope of the. invention. The, program can be run qn g. PC
connect od to tHe Bedrrm whicLEETkHs Tk direrem A SRS PadTengortigh ddadhians 1 »
Fi gures 13ist@riftdn GBF @xaRfpié A VideaPTH € OfRASHEgRIMMIMY MaRgLaYEs Sttt ed
in the different detection |levels. Thus, the diagramin Figure 13 shows the
di f f er ent piogiammesh&4£s or 10thersicanebe eusedn witbout teixoaediagethe scopel of. thehe

di agram i n \Ei ure 14 adds to the phases shown in Figure 13 the detection of
a w de zon8PRN zed usi ng the IR detection cells placed at the exit from

the fi st doorThdfpogteRgicalt e rim i & FS cRfifiscted fohMenbasiedl prbeussihg unfte

diagramin Figure 15 13, those inplenented at detection |evel
di agram i n"CPUgure 16 adds to the phases shown in the diagramin Figure 13,

those 1 Dl ement ol hglet e GkbRRebfPlin FiglhS T8 7 'd2oBhL" el dudillanbo the
phases of the program implemented in the different detection levels.

Thus, the diagram in Figure 13 shows the different program phases

10  implemented in detection levels 1 and 2.

The diagram in Figure 14 adds to the phases shown in Figure 13 the
detection of a wide zone realized using the IR detection cells placed at the exit
from the first door.

The diagram in Figure 15 adds to the phases shown in the diagram in Figure

15 13, those implemented at detection level 3.

The diagram in Figure 16 adds to the phases shown in the diagram in Figure
13, those implemented at detection level 4.

The diagram in Figure 17 adds to the phases shown in the diagram in Figure
13, those implemented at detection level 5.

20 The different functions implemented in the different detection levels will now

be described in more detail.

Level 1:

The active infrared sensors D1 form a curtain of infrared beams which is
25 passed through by one or more persons and optionally an object.

The control unit CU establishes profiles by means of a control logic.

Filtering phase:

In order to show certain zones which can be masked by unnecessary
30 information, a first filtering is necessary.
It is also necessary to filter certain garbage, i.e. the zones which are too

small corresponding to hands, straps, etc.



13, those inplenmented at detection |level 5. 20 The different functions

I npl emented in the different detection levels will now be described in nore
detail. Level 1: The active infrared sensors Dl forma curtain of infrared
beans which is 25 passed through by ongzor nore persons and optionally an
object. The control unit CU establishes profiles by neans of a control
logic. Filtering phase: In order to show certain zones which can be nasked
DY annecessar yrnis iteAg BEsBingé ol ' ofd bRl Bk dredtBfiEedatand oft SO
necessary to filter certaln

cor r esponche®ther Hmnﬂﬂzwailmgipfstheegarbagé This filtering corresponds on the
one hand to correction of the data and on the other hand to w ping of the
gar bage. Phase of dividing into zones: 5 The profile is divided into zones
which will be e : In order to do this, the transitions

(i ncrease/ de GUEEE hdhiePRidz6h STh I's phase is illustrated by Figure 18.
The magi ma andriehprofilenisndividiedtint zongs WBmh(\mﬁbel:prguessétB?oemrateJ.YSm order
determ ned. 10 The maxima correspond to what n?y be peopl Eg

make it ptesgpbnh@ t e ér@|n§tt@ngr6w§ase/m§6!qass sarfedskﬁ?ée i& Phase dach
zone the ofq continuous cells is determ ned. Th| s 15 makes it
possi bl e ﬁ(@%@%gv g |1;r89n5| on of the object belonging to this zone. This
nunber is thermheomaxiath tamd woe pairdmat ef sthéeprofiles (sbat Figuireoh8) dee ealsot o be
a suitcase or a bag and what is considered to be a person wthout the need
for additidt@mMBesStinction. In fact, an object of |ess than 50 cm for

exanpkg cannot S r gt nor e
t han i@m 2o bi T'%ep?ar)&@%arer%'iree cgrﬂjdgct) g@%tgﬁﬁg%@ pebBple ARbT el mifitha P it
possible to isolate groups.

s

“Absolute size zone” phase:

For each zone the maximum number of continuous cells is determined. This
15  makes it possible to define the dimension of the object belonging to this zone.
This number is then compared to two parameters defining what is considered
to be a suitcase or a bag and what is considered to be a person without the need
for additional distinction.
In fact, an object of less than 50 cm for example cannot be a person, even a
20 newborn. By contrast, an object more than 1 m 50 high for example is detected as
a person (therefore if somebody enters the control point with a large double bass,

A

— it is probable that a fraud will be established. It should be noted that if the

parameter is adjusted to 1 m 70 this situation will be resolved however the risk of

non-detection is then slightly increased).

25
“Touching the ground” phase:
The aim of this function is to simply separate two cases which are to be
processed separately because they have different characteristics.
In fact, this involves distinguishing
30 - on the one hand a child from a trolley (touching the ground)

- on the other hand a child from a satchel or a backpack (not touching

the ground).



a person (therefore if sonebody enters the control point with a | arge doubl e
bass, tea. it is probable that a fraud will be established. It should be
noted that if the paranmeter is adjusted to |l m70 this situation will be
resol ved however the risk of non-detectipn is then slightly increased). 25
"Touchi ng the ground” phase: The aimof this function is to sinply separate
two cases which are to be processed separately because they have different
characteristic n fact., t,his involves distinguishing 30 - on the one hand
a child fronlaigph$¥§§§%$dﬂgﬁ¥%g the ground) on the other hand a child from
a satchel or aThrckaaek thealgdrithhares it sabi sl verifidwhéihicrlthéye ishapiild
phase: This part of the algorithm nakes it ﬁossible to verify whether there
i s a chil dor atradleyrbecavse atoleyis iaclines arg has aj steaightesidenwhighs ehilst degsyht
si de, which hild does not have. 5 "Possible child position” phase: As a
function 0P0€W%Eheight at which the object is situated it is possible to
elimnage the possibility that it is a child. For exanple, it is unlikely

that a child is harjqin ,onto its nother's legs ; it is 10 nore likely to be
a pi ece of | ugdessiblemnhildposiionsphaseines” phase: This function nekes it

ot “touch ¢he e et et e HeM A IBER hEoBEPEE: sirdihel IP EROSTbIECRSS
sat chel pl ap@thaae tite boosibitity thett it.is aluhil@t her functions belong to the other

detection | evels the oPenaxinq_ Principle of which has been described |
previ ously. Fi far exampleritisauniikelyuthat gt childds diangingante s matbees adsel i is

show R @ R%ré%ﬂely to be a piece of luggage.

Wi

“Delta between zones” phase:

This function makes it possible to determine the interval between two zones.
As the object does not touch the ground, it can only be a bag held at arm’s

15  length, or a satchel placed on a trolley, etc.

The other functions belong to the other detection levels the operating
principle of which has been described previously.
Figures 20 and 21 illustrate several examples successively showing a person
20 (Example 1 Figure 20) passing normally through the access door, a person
carrying an item of hand luggage (Example 2 Figure 20), a person pulling a trolley
. and carrying a satchel (Examples 3 and 4 — Figure 21).
Figures 20 and 21 show for each example, the profile obtained, the detection
levels, the result (success rate) and the rate of occurrence.
25 In the case of Examples 1 and 2, detection level 1 was sufficient to identify a
single person and a person carrying a piece of luggage.
By contrast, in the case of Examples 3 and 4, detection levels 1 and 2 were
used in order to obtain a 99 % reliable result.



20 (Exanple 1 Figure 20) passing nornmally through the access door, a person
carrying an item of hand | uggage (Exanple 2 Figure 20), a person pulling a
trolley and carrying a satchel (Exanples 3 and 4 - Figure 21). Figures 20
and 21 show for each exanple, the profi kg obtained, the detection |evels,
the result (success rate) and the rate of occurrence. 25 In the case of
Exanples 1 and 2, detection level 1 m@?Aﬁﬂ ficient to identify a single
person and a person carrying a piece gage. By contrast, in the case of
Exanples 3 and 4, detection levels 1 and 2 were wused in order to obtain a
99 %reliable result. 15 CLAIMS 1. Method for detecting a passage

associ ated wit i. aMetbedsfor diriectifgha passags asseciated witht Aonacaessrdoorpdont , a

b di h i ldi i i cul i d
Lo guar ant Beamie pITAlurEPRGartisl pBE B hegftive Rafet the Bhlrafte fhactefis'™
pr ofile of bhh@n@einsﬁadloﬁla}etrﬁrdﬁdé’re@o Q\)(Ja'?@ﬁt@é e PasShge Ce¥l oﬁerws@ﬁ onI%/,
infra-red emtting cells (D1) arranged at the entry to the door opposite

r egei vih g cbarasterzeddottbat the @ro(fi]{m@ e pefsen (sodgptenmingd Eﬁm @ﬁ"n? vediegl i ng
orori1 s o FaW S btedegoBiis cesdlso (P, Abdfided A Me2gnfy 1558 Glonpgbbiit

accor F“ ng 'i'ébe_@\HﬁQ Fells coRpeatedani Zednirs| &MﬁfC@Pmﬂimm@gésQﬁe leampmgqirid €
are filtered in order to mask themor to elimnate interference zones.

Met hod accHrelifieguency |afi emissiarhaf dbe esignala and @saa funetipn offi this ipsofile theed
into zones_which.,are pr S r . 15 4. Method according to one of
clains 2 och?ssc%iqrdé%@%ﬁga@??ﬁaﬁﬁ%aég%% zone i s characteri zedgas a

function of its dinension in order to determ ne whether the zone
corresponds to a person, a child or an object. ~.. 20 5. Method according to

one 01; @l ai s 2. t oMethethacgerding faxalaim 1. 1aharacierized imthatisectain éqwﬁgf thee
hi1'dfr omPRoils a1 HEER iR bR Hieth oo e B el BB Mes e hoa
according to one of clainms 2 to 5, characterized in that each

3.  Method according to claim 2, characterized in that the profile is divided

into zones which are processed separately.

15
4. Method according to one of claims 2 or 3, characterized in that each
zone is characterized as a function of its dimension in order to determine whether
the zone corresponds to a person, a child or an object.
. 20 5. Method according to one of claims 2 to 4, characterized in that each

zone which touches the ground is characterized in order to distinguish by the

shape of the zone, a child from a trolley and a child from a satchel or a backpack.

6. Method according to one of claims 2 to 5, characterized in that each
25 zone which does not touch the ground is characterized in order to distinguish a
carried child from an item of luggage.

7. Method according to one of claims 2 to 6, characterized in that an
additional filtering is carried out in order to eliminate backward movements of the

30 person.



25 zone which does not touch the ground is characterized in order to
distinguish a carried child froman itemof |uggage. 7. Method according to
one of clainms 2 to 6, characterized in that an additional filtering is
carried out in order to elimnate backwang novenents of the 30 person. 16
8. Method according to one of clains 1 to 7, characterized in that the
profiles are reduced to their true size. 5 9. Method according to one of
claims 3 to 8, characterized in that after dividing the profile into zones,

the size and ”89 VMétﬁBdOécd%?&lhgzt@nénésofdélhﬁ?ﬁ@m%j7 Haradetired inchat heg to
one of clalms rac erized.in that after identification of a zone

t ouchi ng t & d?%afﬁjfe%qeaém Girduesig.i s identified as a 10 function of the
vol une of the zone. 11. Method according to one of clainms 3 to 10,
charactgrized iyn that, after jdentificati nof ne_not to hi n h
ground, Ya chil 8 or tB qqgof%@g%f‘?%%l ;gﬂmsfaﬁeﬁoﬁ‘%ﬂact%g §0'Puﬂ8E Bﬁef he
zone. 15 1Zzividibg el pamfdenmiomg)n'ee theesind and dhersolmenofldack bonerist detemaihedn
that after filtering and before dividing into zones, the passage of several
people side by side is detected. 20 13. Method accordlng to one of clains 1
to 12, charact d0i zdtethaedtacgordingrto enee op cigimise3 dbt%i charactenizedrini that after - a
person acc inkds I b
ol osel y m%@‘?@@%%i? %%“%or%gph"?"”}%eﬁ%@éi% 0B o 00 3 JpRAERE -
agai n, 1025fun%t'°[5’é?sl f volupe egthe zahehi 1d following a large trolley, - a
person carrying a backpack, - a person carrying a child on their back are
detected. 30 . . . .

11. Method according to one of claims 3 to 10, characterized in that after
identification of a zone not touching the ground, a child or a bag is identified as a

function of the volume of the zone.

15
12. Method according to one of claims 2 to 11, characterized in that after
filtering and before dividing into zones, the passage of several people side by side
is detected.
20 13. Method according to one of claims 1 to 12, characterized in that from
the profile obtained, in particular:
- a person accompanied by a child,
- two people following one another very closely,
- a person moving forwards then backwards and moving forwards again,
v 25 - a person jumping,
— - a child following a large trolley,
- a person carrying a backpack,
- a person carrying a child on their back
are detected.
30
14. Method according to one of claims 1 to 13, characterized in that, by
means of a speed sensor (D3), the speed of passage of the person is determined
and the profile created by the first detection level is modified in order to obtain a
profile independent of the speed of passage.
35

15. Method according to claim 14, characterized in that the speed of

passage is determined by means of a Doppler radar (D3).



14. Method according to one of clains 1 to 13, characterized in that, by
nmeans of a speed sensor (D3), the speed of passage of the person is
determined and the profile created by the first detection level is nodified
in order to obtain a profile independeny7of the speed of passage. 35 15.

Met hod according to claim 14, characterized in that the speed of passage is
determ ned by neans of a Doppler radar (D3). 17 16. Method according to
claim 14, characterized in that the speed of passage is determ ned by neans

of a distance 3gnsefeth8d ldccdYBingOto adsifi da)dchdtablctizBH 1th tRARHIRE tsdetedrfi N
that the speed of passage is determ ned by means of successively passing
t hrough at plagagge isetermmesrkyimeansiafasdiste®ce igenBod accordi ng to one of
claims 1 to 15, characterized in that the 10 presence of a cold body is
detected by neans of a second detection level forned by at |east one

passi vesi nfrarg¢. celdtho@2accokingMed heMinfcnr ghatactedizetainmtAs: tisdadpreldeof zed

in that the second detection |evel precedes a third detection |[evel which
i s constit passags is Kieterngnad ianerrans pksuresssivaly pasging) through nastlrast two
accordi ng t,of cl ?i m 19', characterized in that the third detection |evel
pr ecedes a TH[P r?a&'é‘?écti on | evel which is constituted by the speed sensor
(D3). 20 21. Method according to claim 20, characterized in that, by neans
of a fifth detection level (D4) the sinultaneous passage of two people is
detected. 22. NBt hdlethed Aagordjng docors mf;cia,urrtshartac{)%rmafactermzedan thet the

tr anoviPsererdierd 4 s By RaRRieR B ibas R b Se TR PefebioR fevet rbnets
char act eri pydhtildadtivne paivicingaredoell (D2)carried out by neans of a laser
cooperating with a rotating mrror in order to 30 determne the profile in

a plane perpendicular to the profile itself.
19. Method according to claim 18, characterized in that the second

detection level precedes a third detection level which is constituted by the

15 movement direction sensor (D3).

20. Method according to claim 19, characterized in that the third detection
level precedes a fourth detection level which is constituted by the speed sensor
(D3).
20
21. Method according to claim 20, characterized in that, by means of a fifth

detection level (D4) the simultaneous passage of two people is detected.

22. Method according to claim 21, characterized in that the detection is
25 carried out by means of ultrasonic sensors (D4) arranged transversely to the

passage.

23. Method according to claim 22, characterized in that the detection is
carried out by means of a laser cooperating with a rotating mirror in order to

30 determine the profile in a plane perpendicular to the profile itself.



18 24. Method according to claim 22, characterized in that the detection is
carried out by neans of recognition of an inmage taken facing the passage in
order to determine the profile in a plane perpendicular to the profile
itself. 5 25. Method according to claim#®®, characterized in that the
detection is carried out by neans of a capacitive neasurement (DM). 26.

Method accordi g tf?/le(ﬂ]g?d gcggrdigg%aaw'ifdcﬁan &t@ﬁ%ea Hﬁ t‘ﬂ%@ ?ﬁ%id’éle& n is

carried out by ans Qeher L9 6 a etec e position of
the feet &Arrigd outdsr meand f eecogritiorapf ah mageltakmﬁ fadiregtheapassage iapader  b)
if a person has a trolley beside them c) if peopl e are passing through
si de by si tedetesmine th?d?'ﬁ(fﬂ? '&&BP@P#{?W%“@'PH'?H@HW piofiets@lf.i zed in that in
order to distinguish between cases b) and c) tenperature sensors are used.
28. Method according to claim?21l, characterized in that the detection is
carriedsout by2swoMetinss extcordingtooflaine\ad, chasactedired iR0th29.thé/kddtection is
according to claim?2l, characterized in that the detectlon Is carried out
by a capacp@'l'rlﬁéi Q#ﬁapé/uméﬁﬁﬁp@ﬁﬁpéﬁit%@ﬁ@?@?rW@”ﬁmﬂHM Hielectric
characteristics of the human body. 25 30. Method according to one of clains
14 to 29, characterized in that by neans of the speed sensor (D3) a person
t urni ng back of6t hMetkedd exccosdingttectlaiin 223 ichdiestecized dn tthat dbeidejectiguisage

associated with an access dqoy, for exa l.e a boardin ate or fo try to
a secure bGAI@dRUtiRY W&?f‘?@% c£g§tap<|;p St t"?aor% t@dﬂ%&‘t@@ RW'%@@@&B‘*S one
per sony (znl Y ofitGabfrhfigst in that it conprises: - a first detection |evel
f or med vertical row of active infrared emtting cells (Dl) arranged

opposite a vertical row ofa)r éaepersaysdeds are farapdey to determne the
proflle of a person who i terin t hese eIIs | connected to a
central processing unit (bﬁ%&?ﬁf& h has ageQlle Yﬁées"g Fﬁﬂ%ng and the frequency

of em ssion of the signal gapdyg%R8pId & passing through side by side.

15 27. Method according to claim 26, characterized in that in order to

distinguish between cases b) and c) temperature sensors are used.

28. Method according to claim 21, characterized in that the detection is
carried out by two crossed series of level 1 sensors.
20
29. Method according to claim 21, characterized in that the detection is
carried out by a capacitive measurement system sensitive to the dielectric

- characteristics of the human body.

25 30. Method according to one of claims 14 to 29, characterized in that by

means of the speed sensor (D3) a person turning back on themselves is detected.

31. Device for detecting a passage associated with an access door, for
example a boarding gate or for entry to a secure building in particular in order to
30 guarantee the passage of one person only, characterized in that it comprises:
- a first detection level formed by a vertical row of active infrared emitting
cells (D1) arranged opposite a vertical row of receiving cells in order to

determine the profile of a person who is entering, these cells being



controlling the opening of the access door or keeping it in the cl osed
state. 5 32. Device according to claim3l, characterized in that it
conprises a second detection |level forned by a passive infrared cell (D2),
for detecting the presence of a cold bodyg. 10 33. Device according to one
of claims 30 or 31, characterized in that it conprises: - a speed sensor

(D3), for determ ning the speed of ssage of the on, .- neans for
todl T yi ng ¢ he-pr of FPANGEEE: B byl IoFerare e EFAR”Mhieh ahsaes” e
to obtain a profil gahiplingeaste e FequBRcy BEeMISSioR aTtABSsignal§Bfits niedins for
conparing the profile obtained with an architecture of profiles contained

in a menory. 34. Deentrellingdbedeprning of ithe racgess sloer aftkaapirg it in theaclosed
means for 20 deter ieing t he speed of passage include a Doppler radar (D3).
35. Device accordiﬁ%g 0 claim 33, characterized in that the second detection
| evel ppecedes the third detection |evel which is constituted by the speed
sensor (D3). 25 36. Device according to one of clains 31 to 35, _
characterized i3t Raviga aceprding stesclaimed bccharmatenzad inrthakile sompiisenea

arranged  SERR0Rdedro SRR Sy & 3RshE' Bltgled BRADA, R geRiAT e

clains 31 tpweséncecdiod agldesodyed in that it conprises a central processing
unit (CPU) communicating with the different detection levels and with a
menory (M conprising an architecture of profiles, this control unit (CU)

bei ng le to np - i { ) S ,
0o, a0t o the 5t oFioit BsRoRind 56,41 BE BRI, ¥ ouSLoshRBite Yy Mhark,
of the reswohsprizest hi s conpari son the opening of the access door or keeping
it inthe closed state and optionally triggering an alarm
- a speed sensor (D3), for determining the speed of passage of the
person,
- means for modifying the profile determined by the first detection level in
15 order to obtain a profile independent of the speed of passage,
- means for comparing the profile obtained with an architecture of profiles

contained in a memory.

34. Device according to claim 33, characterized in that the means for

20 determining the speed of passage include a Doppler radar (D3).

35. Device according to claim 33, characterized in that the second detection

level precedes the third detection level which is constituted by the speed sensor

(D3).
25
36. Device according to one of claims 31 to 35, characterized in that it
comprises a detection level for detecting the simultaneous passage of two people,
comprising ultrasonic sensors (D4) arranged transversely to the passage.
30 37. Device according to one of claims 31 to 35, characterized in that it

comprises a central processing unit (CPU) communicating with the different
detection levels and with a memory (M) comprising an architecture of profiles, this

control unit (CU) being able to compare the profiles determined by the sensors



5 38. Device according to one of clainms 35 to 37, characterized in that the
radar (D3) of the third detection level is arranged at a certain distance
fromthe entry (1) to the access door and is orientated so as to send its
beamtowards this entry (1). 10 39. Devpge according to one of clains 32 to
38, characterized in that the passive infrared cells (D2) of the second

detection | gyvel..c rise | ea two,cells .arran ne a et her at
Cheont oy (517 g MR 5o e iRles aiheded in 488 FEGE, 30 EeBlP! e fanchion
transver sel Q@ﬂe PEOR [ to
39, char actogrﬂ?éz){a%é@ﬁmﬁ\@tg g;?rqqeaaﬁ!ssg)ﬁstgrs fgﬁthe ggjtdggts% gﬁgrg(/g‘f’e‘%é it the

si mul t aneouwdosedsstatgeand optiorallyl triggernganatamr.i se at | east three ult rasonl c

sensors (D4) arranged at the upper part of the entry (1) to the access door
and orientated so as to diffuse their beam downwards. 20 41. Device

accordi gg to ong oD@ Eécé’talr{g)td’r%ne'éf HING 35N 3T CBRAraéRzedSin that the
bidirectional, characterized in that the entry (1) to and the exit (2) from

the door @adar ddhpef the thitgk detectien Jevelds anapgedrat an@rtam distance framidhe i cal

functions. entry (1) to the access door and is orientated so as to send its beam towards this

entry (1).

10 39. Device according to one of claims 32 to 38, characterized in that the
passive infrared cells (D2) of the second detection level comprise at least two cells
arranged one above the other at the entry (1) to the door and orientated so as to

send their beam transversely to the passage.

15 40. Device according to one of claims 36 to 39, characterized in that the
sensors for the detection level of the simultaneous passage of several people
comprise at least three ultrasonic sensors (D4) arranged at the upper part of the

entry (1) to the access door and orientated so as to diffuse their beam downwards.

20 41. Device according to one of claims 31 to 40, in which the access door is
bidirectional, characterized in that the entry (1) to and the exit (2) from the door

- each comprise a group of sensors (D1, D2, D3, D4) having identical functions.





