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Method for detecting obstacles to be applied to a gate moving horizontally or pivoting about

a vertical axis

The invention concerns a method for detecting

obstacles to be applied to a gate moving horizontally or
pivoting about a vertical axis. Such a gate (1) includes
at least one detection means (5) suitable for determining
its acceleration.

Such a method is characterised in that it uses, for its
operation, a combination of conditions on the maximum
vertical acceleration, longitudinal acceleration and speed
variation values.
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Description

[0001] The present finding concerns a method for de-
tecting obstacles to be applied to a gate moving horizon-
tally or pivoting about a vertical axis, according to the
general part of claim 1.

[0002] Gates are increasingly motorised by means of
electrical actuation operators. Legislation in force obliges
manufacturers to implement measures suitable for pre-
venting and reducing the effects of a collision or crushing
of people or things present in the manoeuvring area of
the gate. The dangers connected with the motorised ma-
noeuvring of a gate are many and partially protected by
the application of photocells that recognise when people
orobjects pass during such manoeuvring. This protective
measure, if applied by itself, is not however considered
adequate to comply with the need to make a system safe.
The reason for this is linked to the fact that it does not
always protect against accidental contact between the
mobile gate and possible obstacles present on its trajec-
tory. For this reason the legislation offers the possibility
of a mobile gate coming into contact with an obstacle,
provided that the forces exerted on it are limited in terms
of maximum peak and of application time. In particular,
the peak of the force deriving from crushing must be kept
below a maximum value of 400 N, while in a maximum
time period of 5s the gate must substantially free the ob-
stacle, exerting a residual force of no more than 25 N,
measured using a load cell and a spring with predeter-
mined elastic constant. For this purpose the manufactur-
ers of motorisation systems have adopted numerous
methods and implemented numerous devices suitable
forreducing the operating forces through systems for rec-
ognising the condition of the motor’s rotor being blocked
or through application to the edges to be protected of
deformable ribs equipped with pressure-sensitive ele-
ments (manometers, metallic cables kept under tension
by spring systems that act on microswitches, pairs of
photoelectric sensors, resistive profiles). The deformable
ribs almost always manage to limit the forces exerted
within acceptable limits, since the sensitive element is
directly applied to the area involved in making contact
with the obstacle and, being equipped with an elastic
deformation section, dampen the reaction forces within
acceptable limits, even if the reaction times of the control
unit are long. In spite of this widely tested and verified
efficiency, they have substantial drawbacks, linked to the
fact that they must be applied to all the dangerous edges
of the gate, which on a single sliding gate are two, but
on awing can even reach six, that the deformation varies
as a function of the temperature and, last but not least,
that they are aesthetically unacceptable. Moreover, the
risk of shearing of a sliding gate with respect to the fixed
pillars must be avoided through the use of another two
fixed active ribs, without considering the wiring difficulties
of a sliding mobile gate. For this reason, crushing-pre-
vention safety is increasingly integrated in the controls
of the actuation unit, as an inherent and undeactivatable
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element, if not through forcing of the programming of the
control unit. In general, it is associated with an encoder
control or with a limitation of the current delivered, suit-
able for detecting a blocked condition of the motor in dif-
ferent positions from the limit stop positions. The time
needed to determine the blocked condition is a critical
factor in carrying out a manoeuvre to disengage from the
obstacle, thus limiting the reaction forces to the minimum.
In the state of the art it can be estimated to be about 200
ms, which is an excessive value to limit the operating
forces within an acceptable limit, with the consequence
that it is almost always necessary to apply a deformable
profile (called "passive rib") to the main edge and to the
secondary edge of the gate, without however having to
apply one of the sensors. Another drawback is linked to
the fact that the obstacle recognition signal is not une-
quivocally associated with the real presence thereof.
Poor maintenance conditions of the manufactured item,
the wearing of the sliding guides and of the bearings, the
accidental deformations of the gate due to various fac-
tors, can lead to "false obstacle" conditions; in other
words, the actuation system carries out a safety manoeu-
vre, withoutitreally being needed. This problem is usually
solved in an "unorthodox" manner by installers and man-
ufacturers, through a modification of the parameters of
the control unit of the motor. Given that replacing a dam-
aged or worn mechanical part is often economically dis-
advantageous, the sensitivity threshold of the control unit
in the blocked condition is deliberately increased, with
the real risk that safe operation is no longer guaranteed.
These and other drawbacks cause manufacturers to im-
plement devices that make the behaviour of the control
unit more selective with respect to the blocked condition
of the rotor. A solution widely quoted by prior art docu-
ments, but the practical implementation of which is not
very common, is the use of an acceleration sensor ap-
plied to the part being manoeuvred and suitable for rec-
ognising the condition of contact with a foreign body on
the stroke of the gate.

[0003] Concerning this, the following patent docu-
ments should be quoted: EP 1970516 A2, ES 1071173
U and EP 2216478 A2.

[0004] Document EP1970516 A2 describes an exam-
ple of application of an accelerometer fixedly connected
to a pivoting gate, the motion of which is rotation-trans-
lation: the signal transduced varies as a function of the
rotation, making it possible to determine both the position
of the gate with respect to the open and closed positions,
and the presence of obstacles through the analysis of
the variation of the component orthogonal to the gate of
the downward acceleration, normally equal to "g". Doc-
ument ES 1071173 U, on the other hand, describes an
accelerometer associated with the end element of a gate
moving exclusively vertically, in which he values of the
signal are compared with a range of predetermined val-
ues and obtained in an initial calibration step.

[0005] The third document quoted above claims the
same application to a vertical screen of the roller shutter
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or rolling door type, since the condition of an obstacle
being present is established by the non-horizontal posi-
tion of the last element of the gate, determined through
an accelerometer precisely from the reduction of the ver-
tical acceleration component, which, in normal conditions
(i.e. in vertical position), is obviously equal to "g" or equal
to a known component as a function of the position with
respect to the vertical of the gate.

[0006] None of the quoted documents claims the ap-
plication to a gate moving horizontally, or a gate pivoting
about a vertical axis and describes in detail the treatment
of the signal and the solutions adopted in order to make
the system completely immune from false obstacles.
Moreover, the accelerometer is unable to replace other
lifting systems, but can only integrate them in order to
make the protection system more reactive and stronger,
anticipating the interception event of the obstacle, reduc-
ing the reaction times and the forces in play.

[0007] It has also been found that the reaction time
with conventional detection systems, i.e. those that in-
tercept the blocked situation of the rotor, is about 200
ms. This is an excessive time period, since the forces
exerted on the obstacle exceed the maximum allowable
peak values. In practice, it is always necessary to apply
a damping profile on the contact edge, generally but not
exclusively consisting of a rubber profile with hollow sec-
tion, the deformation of which anticipates and attenuates
the effects of direct metal-on-metal contact. This effect
is particularly significant in the case of horizontal sliding
gates, the kinetic energy of which discharges completely
and almost instantaneously at the moment of contact.
[0008] The present finding thus proposes to make a
method for detecting obstacles that comprises an at least
bi-axial acceleration sensor and some treatment and
processing steps of the signal aimed at anticipating the
reaction to the collision and improving the robustness of
the intervention criterion.

[0009] The finding will now be described in detail, with
reference to a particular embodiment thereof, given as
an example and not for limiting purposes, with the help
of the attached tables of drawings, where:

- fig. 1 represents a motorised sliding gate with hori-
zontal rectilinear movement, to which the method
according to the finding is applied: it represents an
accelerometer and the directions of detection of the
acceleration signal, the direction of motion of the
gate and an obstacle to be intercepted, as well as
the control unit and the driving unit;

- fig. 2 represents a block diagram of treatment and
of processing of the signals generated by the sen-
sors upstream of the control unit;

- fig. 3 represents the parameters processed and the
criteria applied for the activation of the reaction to
the collision;

- fig. 4 represents a comparative graph of the behav-
iour at collision of the conventional detection method
and that according to the finding;
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- fig. 5 represents a motorised sliding gate pivoting
about a vertical axis, to which the method according
to the finding is applied; the same elements corre-
sponding to the gate with rectilinear movement ac-
cording to fig. 1 can be seen.

[0010] With reference to fig.1, the gate 1 slides on a
linear track from an open position to a closed position,
encountering the obstacle 2 at the closing point. The gate
is actuated by the driving unit 3 with a speed V, 9 and is
controlled by the unit 4, here represented for the sake of
simplicity as an integral part of the control unit of the
driving unit 3. Integral with the gate 1 there is the accel-
erometer sensor 5, which detects the horizontal acceler-
ation A, 7 and vertical acceleration A, 8, along the axes
X, z represented by the reference system 6 integral with
the gate and oriented with the axis x in the closing direc-
tion.

[0011] The first part of the control method is thus rep-
resented in fig. 2: the activation unit 25 manages the ac-
tivation logic, described hereafter, by sending an obsta-
cle signal to the control unit of the motor 4, based on a
series of suitably processed and treated input signals.
Some of these signals are generated by the accelerom-
eter 5, while others are generated directly by the control
unit of the motor 3. The input signal 7, proportional to the
horizontal acceleration (A,) of the gate 1, has a high pass
filter 10 applied to it, with limit frequency f1 and a low
pass filter 11 with limit frequency f2. The signal sampled
is thus rebuilt with a rebuilder 13 FOH, to be transmitted
to the unit 25. Similarly, the signal 8, proportional to the
vertical acceleration A, of the gate 1, has a high pass
filter 22 applied to it, with limit frequency f; and a low
pass filter 23, with limit frequency f4, also rebuilt with a
rebuilder 13. The two signals of the accelerometer are
thus acquired independently from each other and para-
metrised by the activation unit. These signals are not
however sufficient to ensure adequate robustness of the
activation criterion: it is thus suitable to carry out an in-
tegration of the horizontal acceleration signal, which cre-
ates a signal 12 through the integrator 15 and then once
againfilter, with a high passfilter 16, the signal that, rebuilt
through the rebuilder 13, will be proportional to the vari-
ation in speed of displacement 17 of the gate in the di-
rection of the obstacle.

[0012] Another condition for identifying the obstacle in-
terception situation is given by the analysis of the actual
manoeuvring speed 18, which is made possible through
the acquisition of a signal provided by the control unit of
the motor, filtered with a low pass filter 19 and compared
with a lower limit value V, 1.

[0013] On the other hand, in order to determine the
status of the driving unit 3 the parameter of the reference
speed 21 is used which, if greater than a certain value,
identifies the condition of the motor in operation. This
parameter does not need any filtering, given that it is a
parameter provided by the control unit 4 of the motor and
it is assigned based on control commands of the unit
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itself. At this point, once the described signals have been
acquired, the unit 25 can apply the activation criteria,
indicated in fig. 3. It represents the 2 states, "ON" 29,
relative to triggering equal to 1 as activation state, i.e.
detection of the obstacle and "OFF" 28, relative to trig-
gering equal to 0, i.e. no obstacle, respectively, as well
as the switching criteria from one state to another. In
particular 26 is the criterion of passing from 28 to 29 and
27 is the criterion that vice versa goes from state 29 to
28. The criterion 26 comprises five different conditions
to be satisfied simultaneously, three of them relating to
parameters acquired by the accelerometer. The horizon-
tal acceleration value A, 12 processed by the application
of atleast one filter must be less than or equal to a certain
threshold A, 1y, with the acceleration being considered
negative with respect to the longitudinal reference axis
and a condition of reduction of the speed in the direction
of motion. The value A, ., 24 of the vertical acceleration
processed by the application of at least one filter must
be less than a threshold A, 1, this being a typical con-
dition linked to vertical interference not resulting from a
true obstacle. Moreover, the integration in time of the
acceleration A, 12 processed, i.e. the variation in speed
V 17, must be below the threshold V, 1. The other two
conditions are, on the other hand, provided by parame-
ters acquired by the control unit of the motor 4, given that
it is a reference speed 21 assigned based on the oper-
ating or stop state of the motor and on a signal 20 pro-
portional to the actual instantaneous speed of the gate
acquired through an encoder or similar, not represented
here for the sake of simplicity.

[0014] The criterion 27 for switching the trigger from 1
to 0 is simpler, since it is given by a single condition being
satisfied, i.e. the decrease in speed 20 below a threshold
Speedery low, which represents the situation of the mo-
tor being stopped, faced with which it makes no sense
to provide any reaction to the collision.

[0015] Fig. 4 represents a graph of the reaction forces
expressed in Newtons and measured as the effect of the
impact of the gate as a function of time in seconds, in the
state of the art and with the described method. The time
to represents the moment of activation of all three differ-
ent methods, here compared based on experimental
measurements.

[0016] The curve 31 represents the variation of the
force according to the conventional activation method,
with the application of a rubber damping rib on the contact
edge: it is clear that there is a significant reaction time
delay (to-t4), where t, is the moment of contact and t; is
the moment of activation, even if the forces in play are
limited within acceptable limits.

[0017] The curve 32, on the other hand, represents the
variation of the same interception method, but without a
damping rib: itis clear that the reaction time (t,-t;) is low-
er, but the maximum force peak obtained is excessive.

[0018] The curve 33, on the other hand, represents,
the variation of the force with the method of the present
finding. It should be noted that without applying any
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damping element a high reactivity is obtained in terms of
time (t3-t5) and this also translates into an acceptable
peak force.

[0019] Inlight of whatis described above itis clear that
the finding makes it possible to avoid the quoted prob-
lems, substantially reducing the reaction time and at the
same time eliminating the chance of detection of false
obstacles.

[0020] The same method is applicable without sub-
stantial variations also to motorisation systems of the
type pivoting about a vertical axis, where the motion of
the gate is always horizontal, whereas acceleration A, 7
and speed V, 9 are in this case tangent to the circular
trajectory described by the gate in the rotation 1 on the
hinges 10. Fig. 5 represents this variant. The accelerom-
eter is installed at the tip of the gate, with an axis parallel
to the tangent to the trajectory of the gate 1.

[0021] For the treatment of the signal and the process-
ing of the activation criteria the same considerations ap-
ply as for those for the gate with rectilinear movement.
In the same way, it is possible to consider that the com-
munication between the acceleration sensor 5 and the
control unit 4 takes place with a one-way radio frequency
transmission and that the data processing device, the
filtering device or the activation unit are directly integrated
in the control unit of the motorization.

Claims

1. METHOD FOR DETECTING OBSTACLES TO BE
APPLIED TO A GATE MOVING HORIZONTALLY
OR PIVOTING ABOUT A VERTICAL AXIS, such a
gate (1) including at least one detection means (5)
suitable for determining its acceleration, which com-
prises the steps in which:

a) the detection means (5) determines the hor-
izontal (7) and vertical (8) acceleration values
of the gate (1), processes them and transmits
them to an activation unit (25);

b) the activation unit (25) compares the accel-
eration values with a range of predetermined
values according to a predetermined criterion
(26) and checks the status of the motor unit (3)
through a control unit (4);

c) the activation unit (25) sends an obstacle rec-
ognition signal to the control unit (4) of the gate
(1)

d) the control unit (4) commands a motor unit
(3) to make a manoeuvre to avoid the obstacle

(),
said method being characterised in that the acti-
vation criterion (26) is given by the contemporary

presence of the following three conditions:

- the value of the vertical acceleration (24) proc-
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essed by the application of at least one filter is
below a predetermined threshold (A, 1);

- the value of the horizontal acceleration (12)
processed by the application of at least one filter

is below a predetermined threshold (A, 11); 5
- the horizontal speed variation (17) is below a
predetemined threshold (Vy 1).

METHOD FORDETECTING OBSTACLES, accord-

ing to claim 1, characterised in that the maximum 70
processed vertical acceleration (24), horizontal ac-
celeration (12) and speed variation (17) are stored

by the control unit (4) and by the activation unit (25)
during an initial learning step.

15
METHOD FOR DETECTING OBSTACLES, accord-
ing to claim 1 or 2, characterised in that the criterion
(26) also comprises a condition relative to the mini-
mum speed (20) of the gate (1) and to the reference
speed (21). 20

METHOD FOR DETECTING OBSTACLES, accord-

ing to one or more of the previous claims, charac-
terised in that the activation condition of the unit (5)

can be switched upon the reduction in speed (20) of 25
the gate (1) according to criteria given by a condition
(27), in which the speed (20) of the gate drops below

a predetermined value.

METHOD FOR DETECTING OBSTACLES, accord- 30
ing to one or more of the previous claims, charac-
terised in that the transmission between activation

unit (25) and control unit (4) takes place in radio fre-
quency.

35
METHOD FOR DETECTING OBSTACLES, accord-
ing to one or more of the previous claims, charac-
terised in that the activation unit (25) is integrated
in the control unit (4).
40
45
50
55
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