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Door system for an elevator system 

 

The present invention relates to a door system for an elevator system. 

 

In an elevator system, a car is typically moved vertically along a travel path between dif-5 

ferent floors or levels within an elevator shaft. For this purpose, the door system has floor 

doors, and the car has at least one car door on the individual floors. The car door and/or 

the floor doors have a drive. In order for persons or goods to be able to enter or exit the 

car on a floor, one of the floor doors and the car door can be opened together. In order to 

be able to securely close the floor door and the car door, the door systems have a monitor-10 

ing unit which serves to detect obstacles in the region of the doors, i.e., the assembly con-

sisting of the floor door and the car door, and, in the event of a detected obstacle, the clos-

ing of the doors is reversed, prevented, decelerated, and/or slowed down. 

 

The application EP2931644 discloses a light curtain. A plurality of transmitters that emit 15 

a light and a plurality of receivers that receive the light form a system of light beams 

whose interruption, e.g. by an obstacle, is detected. For this purpose, a large number of 

transmitters and receivers are wired. This can be very complex. 

 

US 6 167 991 B1, GB 2 453 804 A, and US 4 029 176 A disclose monitoring systems in 20 

the door area with a plurality of transmitters and receivers. 

 

An object can therefore be considered of providing a monitoring unit for a door system 

that is to be wired with less complexity. 

 25 

The door system according to the invention achieves the object. The door system for an 

elevator system comprises a door frame which frames a door opening and comprises a 

first door jamb. The door system also comprises a first monitoring unit, which is mounted 

on the door frame, for monitoring a monitoring region of the door opening. At least one 

first region of the door frame has a first retroreflective surface. The first monitoring unit 30 

has a light source which is designed to illuminate the first retroreflective surface with 

light beams. The first monitoring unit comprises a light sensor which is designed to meas-

ure the angle-resolved intensity of the light beams reflected by the retroreflective surface. 

The first monitoring unit determines an output value based upon the angle-resolved 
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intensity in that the first monitoring unit monitors when the angle-resolved intensity falls 

below a threshold intensity for at least one angle or angular range. The output value in-

cludes whether the angle-resolved intensity lies below the threshold intensity for at least 

one of the angles or one of the angular ranges. 

 5 

Possible features and advantages of embodiments of the invention can be regarded, inter 

alia and without limiting the invention, as being based upon the concepts and findings de-

scribed below. 

 

A retroreflective surface reflects back an incident light beam substantially in the direction 10 

from which the light beam strikes the retroreflective surface. The light beam is typically 

slightly fanned out. A single light beam would therefore be widened to a beam cone with 

an opening angle during reflection. An opening angle can therefore be 1°, for example. 

 

As already mentioned in the introduction, conventional door systems have a large number 15 

of light-emitting transmitters and light-receiving receivers. Preferably, the first monitor-

ing unit has only a single light source. The light of the light source can be emitted as a 

light beam fan so that at least the first retroreflective surface is illuminated. It is advanta-

geous to bundle the light of the light source onto the retroreflective surface. The light of 

the light source can alternatively radiate wider, i.e., also in directions other than only the 20 

retroreflective surface. However, the retroreflective surface can also be continued adja-

cent to the first region. Those light beams come back to the first monitoring unit which 

are reflected back by the retroreflective surface. The light beams are measured in the first 

monitoring unit by the light sensor. The light sensor is designed such that it can determine 

the intensity of the light reflected by the retroreflective surface with angular resolution. 25 

For this purpose, the light sensor can be designed as a line sensor. The light sensor com-

prises a series of sensor elements. The light is bundled onto the sensor elements by an op-

tical system. The light from a specific angle, i.e., from a specific location on the retrore-

flective surface, is thereby bundled onto an individual sensor element. The individual 

measured values of the individual sensor elements can then be combined to form the an-30 

gle-resolved intensity. 

 

Alternatively, however, an angle-resolved intensity can also be determined in that the 

light source can pivot the light in the form of a narrow light beam, i.e., for example, a 
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laser beam, along the retroreflective surface. The light beam is so narrow that an obstacle 

to be detected is larger than the width of the light beam. This indicates the advantage that 

only a single sensor element is required to measure the intensity of the light reflected by 

the retroreflective surface in the light sensor. In this case, the optical system is designed 

to bundle the light from all directions of the monitoring region onto the individual sensor 5 

element. The angle-resolved intensity can then be determined in that the angle of the piv-

oted narrow light source that changes over time is correlated with the intensity measured 

by the sensor element at the corresponding time. 

 

As long as no obstacle is located in the beam path, i.e., for the path of a light beam from 10 

the light source over the retroreflective surface up to the light sensor, the angle-resolved 

intensity of the reflected light is above the threshold intensity for all angles. If an obstacle 

penetrates into the monitoring region, the obstacle prevents the light from the light source 

from reaching the retroreflective surface, because it is scattered or absorbed in other di-

rections by the obstacle. As a result, the scattered or absorbed light beam cannot be re-15 

flected back to the first monitoring unit. The intensity of the light beam measured by the 

sensor element, which strikes the light sensor from an angle in which the obstacle lies, de-

creases. As a result, the angle-resolved intensity of the reflected light for the angle in 

which the obstacle is located falls below the threshold intensity. As a result, the first mon-

itoring unit can at least determine that an obstacle is located in the monitoring region, i.e., 20 

in the region of one of the beam paths. 

 

It can be advantageous to arrange or align the sensor elements in such a way that an iden-

tical angle is spanned between angles measured by the sensor elements. This results in 

uniform monitoring of the monitoring region. As a result, obstacles which are at the same 25 

distance to the first monitoring unit and are of the same size can be recognized similarly 

well, regardless of the angle. In particular, due to the uniform angular distance, it is easier 

to calculate back to the angle associated with a specific sensor element of the light sensor. 

 

The first monitoring unit preferably determines the output value based upon the angle-re-30 

solved intensity in that the first monitoring unit detects when the angle-resolved intensity 

falls below a threshold intensity for at least seven - preferably adjacent - angles. In other 

words, falling below the angle-resolved intensity is therefore determined in seven, 
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preferably adjacent sensor elements. As a result, the first monitoring unit is more robust 

with respect to smaller interfering obstacles such as dust or lint, for example. 

 

According to a preferred embodiment, the height of the first region of the door frame ex-

tends over at least 20% of the height of the door opening. 5 

 

A significant region of the door opening can thereby be monitored. The retroreflective 

surface preferably runs over the entire height of the door opening. As a result, an even 

larger monitoring region can be monitored by a first monitoring unit. In addition, a con-

tinuous retroreflective surface is less conspicuous to the human eye than an interrupted 10 

one. 

 

According to a preferred embodiment, the light source is designed to emit infrared light, 

the retroreflective surface is designed to reflect the infrared light, and the light sensor is 

designed to measure the angle-resolved intensity of the infrared light. 15 

 

The utilized light is limited to an infrared light spectrum. The retroreflective surface is de-

signed such that it can reflect the infrared light retroreflectively. The light sensor is also 

preferably designed such that it can measure in particular the infrared light. So that pri-

marily only the angle-resolved intensity of the infrared light is measured, and in particular 20 

other light sources that do not serve the function the first monitoring unit do not have any 

effect or only have a slight effect on the measurement of the angle-resolved intensity. 

 

The infrared light is not seen by humans. As a result, the light source, and therefore the 

first monitoring unit, remains inconspicuous to the human eye. In particular, the retrore-25 

flective surface can have any color for the human eye. In particular, the retroreflective 

surface can also appear black or gray to the human eye, even though it is retroreflective 

for infrared light. This allows a free color selection for the door frame. 

 

In addition, the evaluation by the first monitoring unit is also disturbed less by other light 30 

sources, since typically no strong infrared light sources are attached or present in or near 

elevators. 
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According to a preferred embodiment, the light source is designed to emit light which is 

amplitude-modulated at a frequency, the first monitoring unit has an evaluation unit 

which is designed to demodulate the angle-resolved intensities, and the first monitoring 

unit is designed to determine the output value based upon the demodulated, angle-re-

solved intensities. 5 

 

In the case of light which is amplitude-modulated, the intensity of the emitted light fluctu-

ates at a certain frequency. Such a frequency can be in a range between 100 and 100,000 

Hz, for example. A preferred value can be 500 to 1,000 Hz. The advantage of the modula-

tion is that the first monitoring unit determines the output value in a robust manner. In 10 

particular, disturbances by other light sources are prevented. The probability that an inter-

fering light source is modulated at the same frequency is extremely low. In particular if 

the light source is also designed to emit infrared light, the probability drops even further 

that another light source can interfere with the first monitoring unit. This leads to reliable 

operation of the first monitoring unit and therefore contributes to safe operation of the el-15 

evator system. 

 

According to a preferred embodiment, the retroreflective surface is applied as a spray 

layer, coating, or as retrotape. 

 20 

Retrotape is a thin strip - preferably made of plastic - which has a retroreflective surface. 

The retrotape can be glued on. It can be designed to be self-adhesive. The retroreflective 

surface can also be applied by spraying or painting. For this purpose, retroreflective parti-

cles are preferably dissolved together with a binder in a solvent so that a paintable or 

sprayable emulsion is produced. The application of the retroreflective surface onto the 25 

door frame as a spray layer, paint, or as retrotape allows the retroreflective surface to only 

be thin. A thin retroreflective surface allows the passengers or goods to pass unhindered 

through the door opening. In addition, however, it can also be easy to repair if it should 

be rubbed off, for example, by using the elevator. The retroreflective surface can simply 

be taped over or painted over without the old retroreflective surface necessarily having to 30 

be removed. It is also advantageous to attach the retroreflective surface in a recess on the 

door frame, which makes it at least partially protected from the scratching. 
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According to a preferred embodiment, the first monitoring unit is embedded in the door 

frame. 

 

As a result, the passage through the door opening is completely free, because no protrud-

ing elements are installed in the door frame. Embedded in the door frame, the monitoring 5 

device is protected against shocks. In particular, the monitoring device does not protrude 

from the door frame and is therefore protected from being knocked and damaged by 

goods, such as pallets, or people, such as by people's shoes. 

 

The surface of the sensor preferably forms a continuous surface with the surface of the 10 

door frame. That is to say, the surface of the door frame extends substantially flat up to 

the first monitoring unit. For this purpose, the first monitoring unit is adapted to the color 

and structure of the door frame. If a cover layer of the door frame is transparent to the 

light used, this layer can run over the first monitoring unit. In both variants, the monitor-

ing sensor is inconspicuous in appearance. 15 

 

According to a preferred embodiment, the first monitoring unit is mounted on the door 

frame of the car door. 

 

The first monitoring unit is mounted on the door frame of the car, i.e., on the car. The 20 

number of cars in an elevator system is typically much lower than the number of ap-

proachable floors. Otherwise, the approachable floors would all have to have a first moni-

toring unit. The use of the first monitoring unit on the car therefore has the advantage that 

many fewer of the monitoring units have to be used. In addition, the monitoring device on 

the car is easier to connect to the electrical power supply and/or to an electronic data line 25 

than is possible from a floor, since the car has a plurality of power cables and/or data ca-

bles to the elevator controller. The floor doors are often connected to the elevator control-

ler only via the safety circuit. However, the safety circuit is not or only poorly suited for 

power supply or as a data line. 

 30 

It can be advantageous to simultaneously attach monitoring units to the door frame of the 

car and to the door frame on the floors in order to achieve particularly reliable monitor-

ing. 
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According to a preferred embodiment, a second monitoring unit is mounted on the door 

frame. 

 

According to a preferred embodiment, a third monitoring unit is mounted on the door 

frame. 5 

 

By using a second monitoring sensor and optionally a third monitoring sensor, it is possi-

ble to monitor a larger region of the door opening than would be possible with just one 

sensor. 

 10 

According to a preferred embodiment, the first monitoring region of the first monitoring 

unit overlaps with a second monitoring region of the second monitoring unit. 

 

According to a preferred embodiment, the second monitoring region of the second moni-

toring unit overlaps with a third monitoring region of the third monitoring unit. 15 

 

Overlapping monitoring regions allow the monitoring units to be mounted with a greater 

tolerance. The monitoring regions of the door opening which overlap are monitored by at 

least two monitoring devices. Even if one of these monitoring devices is easily misa-

ligned, the overlapping monitoring region is still reliably monitored. This means that 20 

there are reliably no gaps between the monitoring regions. This results in the advantage 

that the entire door opening can be monitored without gaps. 

 

The second and the third monitoring units can be of the same design as the first monitor-

ing unit. As a result, more monitoring units of this one type are produced, which reduces 25 

the unit costs. There is also no risk of any confusion, which could exist if the first, sec-

ond, and third monitoring devices were of different designs. 

 

According to a first alternative embodiment, a first monitoring unit is mounted on a lower 

end of a first door jamb oriented in such a way as to allow a light beam to pass horizon-30 

tally above the door sill, and a further - preferably the second - monitoring unit is 

mounted on an upper end of the first door jamb or preferably of the opposite, second door 

jamb. 
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The door opening is bordered at the bottom by a horizontal door sill and at the top by a 

horizontal door lintel. Advantageously, the retroreflective surface is mounted only on the 

door jambs, because it is less exposed to abrasion and damage than it would be on the 

door sill. The door lintel is often not suitable for attaching a retroreflective surface. There 

are often cut-outs in the door lintel that allow the doors to be moved. Lamps can be 5 

mounted which illuminate the door sill so that the passengers can easily recognize the 

door sill. 

 

The obstacles often lie directly on the door sill. It is therefore advantageous that the first 

monitoring unit is designed to measure at least one light beam whose beam path extends 10 

horizontally - preferably only a few millimeters above the door sill. Preferably, the beam 

path runs less than 20 mm above the door sill in order to also be able to detect thin ob-

jects, such as a foot tip, for example. Preferably, the beam path runs more than 3 mm 

above the door sill so that the dirt particles lying on the door sill cannot interrupt the 

beam path. The horizontal beam path allows the distance to the horizontal door sill to be 15 

kept constant over the width of the door sill. The unmonitored region of the door opening 

below the light beam is therefore vanishingly small. For this purpose, the retroreflective 

surface on the second door jamb preferably extends down to the door sill. 

 

The second monitoring unit is preferably mounted on an upper end of the second door 20 

jamb. The second monitoring unit is preferably still within the first region of the door 

frame, i.e., where the first retroreflective surface is used for monitoring by the first moni-

toring unit. For this purpose, the first retroreflective surface can be mounted around the 

second monitoring unit or next to the second monitoring unit. The first retroreflective sur-

face can also have a gap at the location of the second monitoring unit. Likewise, the sec-25 

ond retroreflective surface can be mounted around the first monitoring unit or next to the 

first monitoring unit. In particular, it is advantageous if the first monitoring region and the 

second monitoring region overlap. In addition, the second monitoring unit is mounted at 

least 1.6 m or more above the door sill. This is advantageous, since, in some markets, reg-

ulations prescribe monitoring the door opening up to a height of at least 1.6 m above the 30 

door sill. The regions above this can be monitored. 

 

The monitoring region monitored by each of the monitoring units is in each case limited 

to beam paths for whose angle the light source emits light, the beam path hits a 
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retroreflective surface, and the light sensor is suitable for detecting the reflected light 

beam. The monitoring regions of all monitoring units are substantially triangular. The tri-

angle is formed from a first corner at which the monitoring unit is located. The edge of 

the triangle opposite this point is formed by those points of the retroreflective surface 

which are illuminated by the light source, and which reflect the light of the light source 5 

back to the light sensor in such a way that the light sensor can measure the intensity of the 

light for this angle, and whose measurement values are used in the evaluation. 

 

The region of the door opening below the second monitoring unit is divided into a first 

and a second right-angled, triangular monitoring region, wherein the lower first monitor-10 

ing region is monitored by the first monitoring unit, and the upper second monitoring re-

gion is monitored by the second monitoring unit. The boundary region between these two 

monitoring regions is preferably monitored by both. The second monitoring unit can also 

partially monitor the region of the door opening over the second monitoring unit. The first 

monitoring unit thereby substantially monitors the first monitoring region between the 15 

first monitoring device, the second monitoring device, and a point at the lower end of the 

second door jamb. The second monitoring unit thereby substantially monitors the second 

monitoring region between the second monitoring device, the first monitoring device, and 

a point on the first door jamb which is lower, equal to, or higher than the second monitor-

ing device. Preferably, however, this point is the same distance above the door sill as the 20 

second monitoring unit. The first and the second monitoring regions can therefore both be 

shaped like rectangular triangles, which complement one another to form a rectangle. The 

rectangle corresponds at least to a portion of the door opening. 

 

Furthermore, it is advantageous to arrange the second monitoring unit only a few milli-25 

meters below the door lintel - preferably less than 10 mm. 

 

The door opening is completely monitored by such an arrangement. The first monitoring 

unit substantially monitors the first monitoring region between the first monitoring de-

vice, the lower corner, opposite the first monitoring device, of the door opening, and the 30 

second monitoring device. The second monitoring unit thereby substantially monitors the 

second monitoring region between the second monitoring device, the upper corner, oppo-

site the second monitoring device, of the door opening, and the first monitoring device. 
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Preferably, the retroreflective surface extends over the entire height of the first and sec-

ond door jambs, and preferably runs around the monitoring units or next to them. 

 

In this embodiment, at least one or each of the monitoring units preferably has a possible 

opening angle of the beam fan of at least 60° - preferably 90°. This means that even very 5 

narrow doors can be monitored from the top and bottom corners. 

 

According to a second alternative and preferred embodiment, a first monitoring unit is 

mounted on a lower end of a first door jamb oriented in such a way as to allow a light 

beam to pass horizontally over the door sill. A second monitoring unit is mounted on a 10 

central region of a second door jamb opposite the first door jamb. A third monitoring unit 

is mounted on an upper end of the first door jamb. 

 

In this arrangement with three monitoring units, the first monitoring unit, also as de-

scribed above, is therefore mounted such that the first monitoring unit is designed to 15 

measure at least one light beam whose beam path runs horizontally - preferably only a 

few millimeters above the door sill. This has the same advantages as described above 

with regard to the first alternative embodiment. 

 

The second monitoring unit is mounted centrally on the second door jamb. For this pur-20 

pose, it is preferably mounted so that the center or bisecting beam path in the monitoring 

region is horizontal. That is to say, of the preferably at least 90° monitoring region of the 

second monitoring unit, an upper monitoring region preferably comprising at least 45° is 

located above a horizontal plane at the level of the second sensor, and a lower monitoring 

region preferably comprising at least 45° is located below the horizontal plane at the level 25 

of the second sensor. 

 

Preferably, the third monitoring unit is mounted only a few millimeters below the door 

lintel - preferably less than 10 mm. 

 30 

The first monitoring unit substantially monitors the first monitoring region, which is sub-

stantially triangular, between the first monitoring device, the lower corner, opposite the 

first monitoring device, of the door opening, and the second monitoring device. 
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The second monitoring unit therefore substantially monitors the second monitoring re-

gion, which is substantially triangular, between the second monitoring device, the first 

monitoring device, and the third monitoring device. 

 

The third monitoring unit therefore substantially monitors the third monitoring region, 5 

which is substantially triangular, between the third monitoring device, the upper corner, 

opposite the third monitoring device, of the door opening, and the second monitoring de-

vice. 

 

Preferably, at least one or each of the monitoring units has an opening angle of the beam 10 

fan of less than 90°, i.e., for example, 91° to 120°. In particular, the second monitoring 

unit is installed in such a way that a central beam of the light beam fan runs substantially 

horizontally. The light beam fan of the second monitoring unit therefore radiates approxi-

mately at a 45° angle downwards, i.e., substantially to the first monitoring unit, and at a 

45° angle upwards, i.e., substantially to the third monitoring unit. Monitoring units of the 15 

same design can also be installed as first and third monitoring units. Although the emitted 

light beam fan then, for example, partially strikes the door sill for the first monitoring 

unit, the other part of the light beam fan covers the monitoring region up to the second 

monitoring device. A uniform model of the monitoring unit can thereby be used. This 

saves upon costs and simplifies the storage of the monitoring units. 20 

 

The monitoring unit can be designed such that a setting option exists for restricting the re-

gion to be monitored. The first monitoring region of the first monitoring unit can there-

fore be limited, for example, in such a way that the door threshold is excluded from the 

evaluation and cannot be detected as an obstacle. The same applies analogously to all 25 

other monitoring devices and their regions that are not to be monitored, such as door sill, 

door lintel, or gaps in the retroreflective surface. Such a restriction of the monitoring re-

gion preferably takes place in the evaluation. The evaluation can, for example, specifi-

cally analyze only the angle-resolved intensities for the angular range to be monitored. 

This means that the other angular ranges are not compared with a threshold intensity at 30 

all. Alternatively, for the angular ranges that are not to be monitored, the threshold inten-

sity can be lowered to a minimum value, so that the measurement value always lies above 

the threshold intensity. Preferably, the setting of the angular ranges to be monitored or to 
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be excluded is transmitted electronically via a data connection to the particular monitor-

ing unit. 

 

Further advantages, features, and details of the invention can be found in the following 

description of embodiments and with reference to the drawings, in which like or function-5 

ally like elements are provided with identical reference signs. The drawings are merely 

schematic and are not to scale. 

 

In the figures: 

Fig. 1 shows a door system in the open state. 10 

Fig. 2 shows the functional principle of the monitoring unit. 

Fig. 3 shows an output of the angle-resolved intensities for the situation in Fig. 2. 

Fig. 4 shows a door with a plurality of installed monitoring units. 

 

Fig. 1 shows a door system 56 in a view from the floor. In this case, the door system is 15 

embedded in a wall 11. The floor door 19 and the car door 20 are open. A gap 18 extends 

between the floor-side door sill 16 and the car-side door sill 17. This gap 18 ensures that 

the car can move upwards and downwards without contact in the elevator shaft. 

 

A first monitoring unit 1 is mounted at the car-side door frame 13, 15 in that it is embed-20 

ded in the car-side door frame 13, 15. The open doors 19, 20, the floor-side door frame 

12, 15, and the car-side door frames 13, 15 are thereby aligned. They therefore form a flat 

surface. 

 

The car-side door frame 13, 15 has a retroreflective surface 14. The retroreflective surface 25 

14 visible in Fig. 1 serves as a retroreflective surface 14 for a second monitoring unit on 

the right-hand, invisible, car-side door jamb. The first monitoring unit 1, 41 is mounted at 

the left bottom in the door opening; the first retroreflective surface for the first monitoring 

unit 1, 41 is mounted on the right door frame. Fig. 1 does not show the first retroreflective 

surface. 30 

 

Fig. 2 shows the functional principle of a monitoring unit 1. The monitoring unit 1 com-

prises a light source 2 and a light sensor 3. The light source 2 emits light. The light 

thereby illuminates at least the retroreflective surface 14 mounted on the opposite side of 
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the door opening. For this purpose, the light source 2 emits light. A lowest light beam of 

the monitoring region measured by the light sensor and evaluated by the evaluation unit 

runs horizontally, just above the door sill. 

 

If a light beam does not strike an obstacle, as is the case for example for the light beam at 5 

the angle α2, the retroreflective layer basically reflects the light in the exact direction from 

which the light beam strikes the retroreflective surface 14. In so doing, the light beam 

widens slightly so that it is not only reflected precisely back to the light source, but also 

strikes the light sensor 3 located directly next to the light source. Without an obstacle, i.e., 

when the light beam is not interrupted by an obstacle, such as a hand or luggage, the light 10 

sensor 3 measures a high angle-resolved intensity for a certain angle within the monitor-

ing region. In particular, the angle-resolved intensity is higher than a threshold intensity 

G. 

 

If the light beam strikes an obstacle, such as, for example, at angle α1 or α3, the light is 15 

therefore scattered or absorbed by the obstacle. The obstacle therefore prevents the light 

from reaching the retroreflective surface 14 and being reflected back to the light sensor 3. 

In other words, the light beam that is scattered or absorbed due to the obstacle no longer 

runs along the beam path shown in a dashed line, which it would follow without the ob-

stacle. This means that a low angle-resolved intensity is measured for those angles in 20 

which an obstacle blocks the light. In particular, the measured angle-resolved intensity is 

smaller than the threshold intensity G. 

 

Fig. 3 shows an example of a measurement of the light sensor 3 for the situation as shown 

in Fig. 2. For the angle α1, a first small obstacle 5 scatters or absorbs the light. Therefore, 25 

a clear reduction in the measured angle-resolved intensity for the angle α1 is discernible. 

The measured angle-resolved intensity is smaller than the defined threshold intensity G. 

The measured angular-resolved intensity without obstacles can also vary slightly - for ex-

ample, because the intensity of the reflected light decreases slightly from the first moni-

toring unit with increasing distance from the retroreflective surface. However, the thresh-30 

old intensity G is selected such that the intensity without an obstacle remains above the 

threshold intensity G for all angles. Alternatively, the threshold intensity can be defined 

separately for each individual beam path, e.g., as a function of the distance between the 
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first monitoring unit and the retroreflective surface, so that a threshold intensity optimal 

for the particular beam path is defined for each angle. 

 

For the second larger obstacle 4, the light sensor 3 measures when the angle-resolved in-

tensity falls below the threshold intensity for a plurality of beam paths adjacent to one an-5 

other in the monitoring region. The number of angle-dependent measured intensities that 

consecutively fall below the threshold intensity is a measure of the size of the obstacle. 

 

Fig. 4 shows a first monitoring unit 1, 41 which is attached at the bottom left to a first 

door jamb 47 of the door frame 15. This first monitoring unit 1, 41 covers a first monitor-10 

ing region 44 from the door sill 50 up to the second monitoring unit 1, 42. The second 

monitoring device 1, 42 covers a monitoring region from the first monitoring device 1, 41 

up to the third monitoring device 1, 43 and is mounted on the second door jamb 48, 15. 

All monitoring devices 1 are recessed. 

 15 

The second monitoring region 45 covers an angle of approximately 90°. The monitoring 

regions 44, 45, 46 overlap. The entire door opening can thereby be monitored. 

 

The first monitoring region 44 and the third monitoring region 46 each cover an angle of 

approximately 45°, although the first and the third monitoring units 1, 41, 43, if they were 20 

used at the location of the second monitoring unit, for example, could cover a monitoring 

region of 90°. The restriction to 45° is therefore only justified because the monitoring re-

gion is preferably restricted in the evaluation. The hardware of the first monitoring device 

and the second monitoring device therefore preferably does not differ. 

 25 

The first monitoring device 1, 41 substantially measures the light that is reflected back by 

the retroreflective surface 14, 52. To a small extent, the light at the lowermost end of the 

first retroreflective surface 14, 53 is also reflected to the first monitoring unit and meas-

ured there. This is a consequence of the overlap of the first monitoring region with the 

second monitoring region. The third monitoring device 1, 43 substantially measures the 30 

light that is reflected back by the retroreflective surface 14, 53. To a small extent, the 

light at the uppermost end of the retroreflective surface 14, 52 is also reflected to the third 

monitoring unit, and measured there. This is a consequence of the overlap of the third 

monitoring region with the second monitoring region. The second monitoring device 1, 
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42 substantially measures the light that is reflected back by the retroreflective surface 14, 

51. This runs substantially over the entire height of the first door jamb. It can also run 

next to the monitoring units or around them so that they reach right up the door sill and 

right up to the door lintel. 

 5 

The light which strikes the door sill 50 or the door lintel 49 of the door frame 15 is not ra-

diated back to the particular monitoring unit 1, and therefore leads to very small measured 

values for the angle-resolved intensity from these directions. These would therefore be 

permanently below the threshold intensity. The particular monitoring unit is therefore set 

such that the region to be monitored is limited. For example, the first monitoring region 10 

of the first monitoring unit is therefore limited in such a way that the beam paths which 

are scattered at the door sill are excluded from the evaluation, and therefore the door 

threshold is not detected as an obstacle. 

 

Finally, it should be noted that terms such as "having," "comprising," etc., do not pre-15 

clude other elements or steps, and terms such as "a" or "one" do not preclude a plurality. 

Furthermore, it should be noted that features or steps which have been described with ref-

erence to one of the above exemplary embodiments may also be used in combination with 

other features or steps of other exemplary embodiments described above. Reference signs 

in the claims should not be considered to be limiting. The term “reflect” in association 20 

with the retroreflective surface means a retroreflective reflection, such as is also rarely 

used with the rather uncommon term “retroreflective.”  
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Claims 

 

1. Door system for an elevator system comprising 

a door frame (15), which frames a door opening and comprises a first door jamb (47), 

a first monitoring unit (1) mounted on the door frame (15) for monitoring a monitoring 5 

region (44, 45, 46) of the door opening, characterized in that at least one first region of 

the door frame (15) has a first retroreflective surface (14), 

the first monitoring unit (1) has a light source (2) which is designed to illuminate the first 

retroreflective surface (14) with light beams, 

and the first monitoring unit (1) comprises a light sensor (3) which is designed to measure 10 

an angle-resolved intensity of the light beams reflected by the retroreflective surface (14), 

and the first monitoring unit (1) is designed to determine an output value based upon the 

angle-resolved intensity in that the first monitoring unit (1) monitors when the angle-re-

solved intensity falls below a threshold intensity (G) for at least one angle or angular 

range, and the output value includes whether the angle-resolved intensity lies below the 15 

threshold intensity (G) for at least one of the angles or one of the angular ranges. 

 

2. Door system according to claim 1, characterized in that the height of the first re-

gion of the door frame (15) extends over at least 20% of the height of the door opening. 

 20 

3. Door system according to any of claims 1 or 2, characterized in that 

the light source (2) is designed to emit infrared light, and the retroreflective surface (14) 

is designed to reflect the infrared light, and the light sensor (3) is designed to measure the 

angle-resolved intensity of the infrared light. 

 25 

4. Door system according to any of claims 1 or 3, characterized in that 

the light source (2) is designed to emit light which is amplitude-modulated at a frequency, 

and that the first monitoring unit (1) has an evaluation unit which is designed to demodu-

late the angle-resolved intensities, and the first monitoring unit (1) is designed to deter-

mine the output value based upon the demodulated, angle-resolved intensities. 30 

 

5. Door system according to any of claims 1 to 4, characterized in that the retrore-

flective surface (14) is applied as a spray layer, coating, or as a retrotape. 
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6. Door station according to one of claims 1 to 5, characterized in that 

the first monitoring unit (1) is embedded in the door frame (15). 

 

7. Door system according to any of claims 1 to 6, characterized in that 

the first monitoring unit (1) is mounted on the door frame (15) of the car door (20). 5 

 

8. Door system according to any of claims 1 to 7, characterized in that 

a second monitoring unit (1, 42) is mounted on the door frame (15). 

 

9. Door system according to claim 8, characterized in that 10 

a third monitoring unit (1, 43) is mounted on the door frame (15). 

 

10. Door system according to any of claims 8 or 9, characterized in that 

the first monitoring region (44) of the first monitoring unit (1, 41) overlaps with a second 

monitoring region (45) of the second monitoring unit (1, 42). 15 

 

11. Door system according to claim 9, characterized in that 

a second monitoring region (45) of the second monitoring unit (1, 42) overlaps with a 

third monitoring region (46) of the third monitoring unit (1, 43). 

 20 

12. Door system according to any of claims 8 to 11, characterized in that 

a first monitoring unit (1, 41) is mounted on a lower end of the first door jamb (47) ori-

ented in such a way as to allow a light beam to pass horizontally above the door sill (50), 

and a second monitoring unit (1) is mounted at an upper end of the first door jamb (47) or 

of the opposite, second door jamb (48). 25 

 

13. Door system according to any of claims 10 or 11, characterized in that 

a first monitoring unit (1, 41) is mounted on a lower end of the first door jamb (47) ori-

ented in such a way as to allow a light beam to pass horizontally above the door sill (50), 

a second monitoring unit (1, 42) is mounted on a central region of a second door jamb 30 

(48) opposite the first door jamb (47), 

and a third monitoring unit (1, 43) is mounted on an upper end of the first door jamb (47).  


