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Optical system for monitoring the movement of people through a passageway  

This invention relates to the monitoring of the movement of people through a 

passageway. In particular, but not exclusively, the invention relates to a system for the 

	

5 	detection of multiple persons passing through a passageway and the avoidance of false 

alarms or counts which may be caused by other objects, such as bags and suitcases, 

carried by a person moving through the passageway. 

In entrance control portals, such as turnstiles, there is commonly provided a means 

	

10 	of monitoring and allowing or preventing the movement of people through a passageway 

or channel, which may be provided by physical barriers, moving panels, doors, arms and 

the like, and indicators to show whether or not passage is authorised. 

A typical use of such a portal would be where a person presents a token or some 

	

15 	other authorising means which is verified by an access control system, and which in turn 

provides an authorising signal to the portal to unlock and/or move the physical barrier and 

to give indication of the authorisation by means of a visual or audio signal, for example. 

The person may then pass through the portal after which the portal will reclose and 

relock, and the indicator will return to its original state. 

20 

Such portals are commonly equipped with a means of monitoring the passageway 

in order to sense the movement of the person through the portal for the purposes of 

safety and security, counting the number of people passing through the passageway and 

timing of the reclosing and relocking of the portal. 

25 

A common problem encountered in the use of such controlled access portals, in 

particular for those in which it is desired to allow passage of only one person at a time, is 

the detection of two (or more) people attempting to gain entry using only one token or 

authorisation. In the case of one person walking closely behind another, this is referred to 

	

30 	as 'tailgating', however in wider passageways problems can also be encountered in the 
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detection of two (or more) people walking side-by-side, sometimes referred to as 

'sidegating'. As such, it is desirable that the monitoring means can discriminate between, 

for instance, one person only and two (or more) people walking closely together in order 

to detect if multiple persons are attempting to pass through the passageway 

	

5 	simultaneously. 

Furthermore, it is also desirable to be able to identify for example, carried objects 

such as bags, briefcases, suitcases or trolleys, in order to avoid false detection of multiple 

persons. 

10 

Very typically infrared beams can be used as detectors for such monitoring means. 

Some known systems comprise time of flight cameras to monitor the presence and/or 

movement of people and objects through a passageway. Such time of flight cameras 

operate by issuing light over a field of view, which illuminates a scene and is reflected by 

	

15 	objects in the two-dimensional field of view. Distance information can be resolved for 

each point of the image based on the time of flight of the reflected signals, thus providing 

a three-dimensional image of the illuminated scene. 

Systems comprising time of flight cameras for monitoring the movement of people 

	

20 	through a passageway rely on the reconstruction of such a three-dimensional image of a 

person in the passageway and applying processing to the reconstructed image to confirm 

the presence of a person. This process requires the camera to have a sufficient field of 

view to capture an image which can provide reliable information. The field of view of a 

camera deployed across a narrow passageway would be severely restricted and obscured 

	

25 	at least partially and/or temporarily by a person or object passing close to the camera, 

thus limiting the reliability of the method for monitoring the movement of people through 

the passageway. It is not always possible to deploy a camera in a more beneficial position 

due to physical and aesthetic considerations. 
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and 15b provide a graphical representation of both person 10 and person 11 moving 

through the passageway, thereby the system is able to detect that two people are moving 

through the passageway. Furthermore, the system can differentiate this scenario from 

that of profiles 5a and 5b, wherein only one person 10 is moving through the passageway. 

5 

Figure 4a shows a scenario in which person 10 moves through passageway 1 

carrying a bag 12. Figure 4b shows a graphical representation of data measured by 

sensors 3a and 3b over intervals of time and analysed by the processing means to create 

two-dimensional cross-sectional profiles 25a and 25b relative to sensors 3a and 3b, 

10 	respectively. As shown in Figure 4b, profiles 25a and 25b differ from profiles 5a, 5b and 

15a, 15b and the system can thereby differentiate this scenario from those of both Figure 

2b and Figure 3b. Thus, the system can discriminate between two people passing through 

the passageway in close proximity and one person passing through with carried objects. 

15 	The creation of a two-dimensional cross-sectional profile, as discussed in relation 

to Figures 2 to 4, allows the number of people passing through a passageway to be 

determined accurately whilst avoiding false positives arising from carried objects. 

In the embodiment shown in Figures 2 to 4, the sensors are displaced in the 

20 	direction of travel T. The speed of a person or object moving through the passageway can 

therefore be determined from the data received from the sensors displaced in the 

direction of travel. Thus, the dimension of the person or object in the direction of travel 

can also be determined. 

25 	 In a further embodiment of the present invention, two or more sensors deployed 

on opposing lateral boundaries of the passageway provide a means to detect two people 

passing through the passageway side-by-side, where the passageway is sufficiently wide to 

allow such passage. For example, it is possible to measure the total obscured width based 

on distance measurements made by two directly opposing sensors and to determine if the 

30 	total obscured width is greater than the expected with of a single person. However, 
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further processing means are required in order to discriminate between people and 

objects within the passageway. Therefore, according to the present invention, there is 

provided a system suitable for application in such wide access passageways, comprising 

means to determine the speed at which a person or object moves through the 

	

5 	passageway and to combine this information with a series of one-dimensional distance 

data points measure by each sensor over intervals of time, to create a two-dimensional 

cross-sectional profile of the person or object passing through the passageway relative to 

each sensors. As described above, this provides reliable detection of people within the 

passageway, whilst avoiding false positive arising from carried objects also present in the 

	

10 	passageway. The system is thereby greatly improved relative to a simple measurement of 

total obscured width. 

Figure 5 shows a system according to the present invention, wherein the 

passageway is provided with an authorisation unit 6, an alarm 7 and a means to control 

	

15 	the access of people through the passageway 8a, 8b. The alarm 7 may be an audio or 

visual signal, or any other means to draw the attention of operators of the passageway. 

The access control means 8a, 8b may be a gate, a turnstile, a barrier, a revolving door, or 

any other such means to control the access of people through the passageway. The 

processing means may be configured to issue a control instruction to either or both of the 

	

20 	alarm 7 and access control means 8a, 8b according to the information output from the 

analysis of the sensor signals. For example, authorisation unit 6 may be configured to 

accept a token to authorise the passage of one person through the passage. The token 

may be a physical or electronic ticket, an access card, a contactless payment card, a coin 

or any other such means which may be used to authorise access of a person. A biometric 

	

25 	reader may alternatively or additionally be used. The system may then monitor the 

passageway 1 to determine the number and direction of people passing through the 

passageway. In one embodiment the alarm 7 may be activated in the event that the 

processing means detects more than one person passing through the passageway. In 

another embodiment, the access control means 8a, 8b may be configured to refuse access 

	

30 	in the event that more than one person is detected passing through the passageway. In a 
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further embodiment, the system may be configured to monitor the motion of people 

through the passageway and to issue an instruction to the access control means to close 

only when the processing means has determined that no further people are passing 

through the passageway. It will be appreciated by any person skilled in the art that the 

	

5 	system may be configured to authorise access to any number of people and to issue 

instructions to the alarm and/or access control means in the event that this number of 

people has passed through the passageway. 

The figures and description herein relate to embodiments of the present invention 

	

10 	wherein two sensors are deployed for monitoring the movement of people through a 

passageway. In alternative embodiments, any number of sensors may be deployed across 

the passageway in a direction substantially transverse to the direction of movement of a 

person or object through the passageway and the distance data retrieved from the 

plurality of sensors may be combined in order to monitor the movement of people 

	

15 	through the passageway. 
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Claims: 

1. 	A system for monitoring the movement of people or objects through a passageway 

comprising: 

two or more time of flight ranging sensors deployed across the passageway in a 

direction substantially transverse to the direction of movement of a person or 

object through the passageway, wherein each time of flight ranging sensor is 

arranged to: 

- transmit a single beam of light; and 

- receive a signal which is reflected from an illuminated area on a person 

or object intersecting the path of the transmitted beam; 

means to measure the time of flight of each sensed reflected signal, which is 

indicative of the distance from the sensor to a person or object passing through 

the passageway, 

the system further comprising: 

means to determine the speed at which a person or object moves through the 

passageway; and 

means to determine the number and direction of people or objects passing 

through the passageway based on the time of flight signals measured by the two 

or more sensors; 

wherein: 

- at least two of the sensors are located on opposing sides of the passageway and 

transmit single beams in generally opposing directions across the passageway; 

and 

- each sensor is configured to measure a series of one-dimensional distance data 

points over intervals of time, the system further comprising means to combine 

the one-dimensional distance data points within each series with the 

determined speed at which the person or object moves through the passageway 

to create a two-dimensional cross-sectional profile of a person or object passing 

through the passageway relative to each sensor. 
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2. A system according to claim 1, wherein the system is configured to monitor the number 

of people or objects present within the passageway. 

3. A system according to any preceding claim, wherein at least two of the sensors located 

on opposing sides of the passageway are located directly opposite to each other. 

4. A system according to any preceding claim, wherein at least two of the sensors are 

displaced in the direction of travel. 

5. A system according to claim 4, wherein the means to determine the speed at which a 

person or object moves through the passageway uses the data measured by the 

sensors displaced in the direction of travel. 

6. A system according to any preceding claim, wherein the single beams are transmitted 

and received by each of the two or more sensors intermittently and in sequence, such 

that the two or more sensors do not transmit signals simultaneously. 

7. A system according to any preceding claim, wherein the sensors are deployed at a 

height greater than 30 cm. 

8. A system according to any preceding claim, wherein the transmitted beams comprise 

infrared light. 

9. A system according to any preceding claim, wherein each transmitted beam is a single 

beam of laser light. 

10. A system according to any preceding claim, wherein the beams are transmitted at an 

angle perpendicular to the direction of movement of a person or object through the 

passageway. 
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11. A system according to any preceding claim, wherein the beams are transmitted in a 

horizontal plane across the passageway. 

12. A system according any preceding claim, further comprising means to control the access 

of people through the passageway in response to the number and direction of people 

or objects detected passing through the passageway. 

13. A system according to any preceding claim, further comprising means to generate an 

alarm in response to the number and direction of people or objects detected passing 

through the passageway. 

14. A method for monitoring the movement of people or objects through a passageway, 

comprising: 

Positioning two or more time of flight sensors to transmit a signal across the 

passageway in a direction substantially transverse to the direction of movement 

of a person or object through the passageway, wherein at least two of the 

sensors are located on opposing sides of the passageway; 

Measuring the transverse distance of a person or object intersecting the path of 

the signal relative to each of the sensors over a series of time intervals; 

Determining the speed at which the person or object moves through the 

passageway; 

Combining the series of one-dimensional distance data points obtained from 

each of the sensors with the determined speed at which the person or object 

moves through the passageway to create a two-dimensional cross-sectional 

profile of the person or object moving through the passageway relative to each 

of the sensors; 

Determining the number and direction of people moving through the 

passageway based on the two-dimensional cross-sectional profiles created from 

the data obtained from each of the sensors. 
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15. A method according to claim 14, wherein the speed at which a person or object moves 

through the passageway is determined using data measured by two or more sensors 

which are displaced in the direction of movement of a person or object through the 

passageway. 

16. A method according to claim 14 or 15, further comprising a step of controlling the 

access of people through the passageway in response to the number and direction of 

people detected passing through the passageway. 

17. A method according to any one of claims 14 to 16, further comprising a step of 

generating an alarm in response to the number and direction of people or objects 

detected passing through the passageway. 


