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(57) Abstract: In this monitoring device (1), objects in a de
tection area are detected by means of an optical sensor (13), 
and the movement speed and movement direction of the ob

7YtV 13 jects are calculated on the basis of the change over time of 
position information of said objects. Furthermore, objects 

1,- 10a f that satisfy prescribed movement conditions are determined 

~ L- 13a to be moving objects. By this means, intrusion of moving 
12 --- objects into the detection area is monitored. In this monitor

- c13b ing device, furthermore, a determination unit (10e) determ
ines whether or not an object has been detected in a range 

L-------- 13 configured to include the proximity of the positions through 
which a detected moving object has passed (a post-passage 

L lOe - 13d detection range). Further, if an object was detected in said 

-1T range, the detection unit determines whether or not said ob
ject stayed in said position for a predetermined determina

1 Area sensor device tion period or longer. This determination result is outputted 

10 Control unit by an output unit (12).  

_ 10a Object detection unit (57) Eff: 
10b Motion detection unit [ YT ] 
10c Moving body detection unit 
10d Prediction unit 
10e Determination unit 
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APPARATUS AND METHOD FOR MONITORING MOVING OBJECTS 
IN SENSING AREA 

5 

[0001] 

The present invention relates to an apparatus and a method for 
monitoring objects in a sensing area, and in particular, to an apparatus 

io and a method for monitoring objects in a sensing area with use of an 
optical sensor.  

[0002] 
Recently there has been growing a need for monitoring 

behaviors of objects in a necessary sensing area (or monitoring area) 
15 and conditions in the area. Convectional systems for such monitoring 

are known as various types of systems.  
For example, PTL 1 provides a system for sensing intrusion of 

objects into a sensing area. In this system, in order to remove 
obstacles present in the sensing area from sensed information, the 

20 obstacles are previously registered as background data. A subtraction 
between ranging data acquired by scanning the sensing area and 
background data is performed to obtain signals showing intrusion of 
objects.  

Another system is shown by PTL 2, in which motions of objects 
25 sensed and stationary objects are removed from such objects, which 

leads to sensing only the moving objects.  
[Citation List] 
[Patent Literature] 

[0003] 
30 [PTL 1] JP-B-4727388 

[PTL 2] JP-B-3011121 
[0004] 

Meanwhile, in recent years, in order to raise the level of security, 
there are needs for not only simply sensing an object's intrusion into a 

35 sensing area but also sensing leaving objects behind or taking objects 
way.



[0005] 

However, the conventional systems cannot take care of such 
growing demands well. In the case of PTL 1, it is required to previously 
register the background data in advance. In addition, in cases where 

5 new objects are brought in or the layout of objects is changed, the 
background data should also be updated in the system. Without 
updating such background data, objects newly brought in and objects 
whose layouts are changed are always sensed as being abnormal 
objects. This results in poor security performance, in which leaving 

10 objects behind or taking objects way cannot be detected due to 
discrepancy between the reference background data and actually 
acquired image data. That is, to meet a demand for detecting such 
object leaving-behind and/or object taking-way events, the background 
data should always be kept up to date. This leads to more 

15 maintenance work in operating monitoring systems. Meanwhile, the 

system shown by PTL 2 aims to monitor only moving objects, so that 

this system cannot detect objects other than moving objects, failing to 
meet demands for detecting object leaving-behind and/or object 
taking-way events.  

20 [0006] 
The present invention has been made in consideration with the 

foregoing situations, and it is desirable that embodiments of the 
present invention provide a monitoring apparatus capable of detecting 
object leaving-behind and/or object taking-way in a sensing area, 

25 without labor effort in operating the apparatus, such as update of 
background data.  

[0006A] 
According to a first aspect of the present invention, there is 

provided an apparatus for monitoring objects, comprising a processor 
30 configured to function as: object detecting means for detecting objects 

in a sensing area by an optical sensor and calculating moving speeds 
and moving directions of the detected objects based on changes in 
positional information with time of the detected objects; moving object 
determining means for determining that, of the objects detected by the 

35 object detecting means, moving objects that meet a predetermined 
moving condition; object-stay determining means for determining 

whether or not anther object is sensed in an after-passage sensing area 
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that is set to each of the moving objects and whether or not, when the 
other object is sensed in the after-passage sensing area, the sensed 
other object has stayed at a sensed position in the after-passage 
sensing area for a predetermined period of time or more, the 

5 after-passage sensing area being set as a predetermined size area 
through which the corresponding moving object has passed; and 
outputting means for outputting results determined by the object-stay 
determining means.  

[0006B] 
10 According to another aspect of the present invention, there is 

provided a method of monitoring a moving object, comprising: 
detecting objects in a sensing area by an optical sensor and calculating 
moving speeds and moving directions of the detected objects based on 
changes in positional information with time of the detected objects; first 

15 determining, of the objects detected, moving objects that meet a 
predetermined moving condition; second determining whether or not 
another object is sensed in an after-passage sensing area that is set to 
each of the moving objects and whether or not, when the other object 
is sensed in the after-passage sensing area, the sensed other object 

20 has stayed at a sensed position in the after-passage sensing area for a 
predetermined period of time or more, the after-passage sensing area 
being set as a predetermined size area through which the 
corresponding moving object has passed; and outputting results 
determined by the second determining step.  

25 [0007] 

In one example of the monitoring apparatus according to the 
present invention, it is determined whether or not objects are sensed in 
an after-passage (or transit) sensing area and, further, whether or not, 
when objects are sensed in the after-passage sensing area, the sensed 

30 objects remain at the sensed position in the after-passage sensing area 
for a predetermined determination period of time or more, the 
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after-passage sensing area being set to positionally include positions 
adjacent to a passage position through which the determined moving 
object has passed; and determined results are then outputted.  

[0008] 
It is usual that, when moving along a desired track in which an 

object (i.e., a stationary object) exists, a moving object moves while 
avoiding such an object. Hence, conversely, if the object is sensed in 
an after-passage sensing area, it is considered that the object was not 
present before the passage of the moving object, because the 

10 after-passage sensing area is set to positionally include a track along 
which the moving object has moved. Practically the after-passage 
sensing area is set to be an area in which the moving object cannot 
avoid contact with the stationary object if the moving object goes 
without changing the current track. Accordingly, it is considered that 

15 the object (the stationary object) sensed in the after-passage sensing 
area is an object left behind by the moving object.  

[0009] 
In this case, it is also assumed that different moving objects 

intersect with each other, such as a case where persons pass each other, 
20 for example. However, in such a case, the respective moving objects 

move at the same time, and it is considered that there is no case in 
which the moving object is detected continuously in the after-passage 
sensing area. That is, it can be determined that the object which has 
been sensed continuously in the after-passage sensing area for a 

25 predetermined determination period of time or more is a stationary 
object. If there is a stationary object in the track, it is assumed that 
the moving object moves while avoiding such a stationary object, 
because the stationary object has been present in the track from the 
beginning. Hence, when an object sensed in the after-passage 

0 sensing area is a stationary object, in other words, when an object 
which was not avoided by the moving object is sensed on the 
movement trajectory of the moving object, it can be determined that 
the stationary object was not present before the passage of the moving 
object. Such an object, which is determined as a stationary object, 

35 can also be determined as an object which has been left behind by the 
moving object.  

[0010] 
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Accordingly, the monitoring apparatus can detect an event of 
leaving an object behind, based on the foregoing determination of 
whether or not an object is sensed in the after-passage sensing area for 
a determination period of time or more. In this case, the monitoring 

5 apparatus determines occurrence of a leaving-being event in an ex-post 
manner, and there no need to register background data beforehand, 
whereby it is possible to sense an object leaving-behind event in the 
sensing area without manually registering the background data.  

[0011] 
10 It is also possible to meet a demand of sensing an object 

leaving-behind event occurring in the sensing area, thus raising the 
level of security.  

[0012] 
As a preferable example, the after-passage sensing area can be 

15 set to include an undetectable area in which the optical sensor cannot 
sense objects in the sensing area, due to interruption of its field of view 
caused by moving objects.  

[0013] 
When a moving object moves in the sensing area, the field of 

20 view of the optical sensor may be interrupted, which will disable the 

optical sensor from detecting objects which are present farther than 
such a moving object (i.e., in this interruption case, the optical sensor 
cannot monitor objects). If such a case happens, objects may be left 
behind in the undetectable area. With consideration for this probability, 

25 the after-passage sensing area is set to include the undetectable area 
of the optical sensor. By this setting, occurrence of leaving an object 
behind can be sensed well, based on determining whether or not an 
object is sensed in the after-passage sensing area for a predetermined 
determination period of time or more.  

30 [0014] 

According to other example, a determination scheme is provided, 
which a) determines, based on i) whether or not objects have been 
sensed in a before-passage sensing area, the before-passage sensing 
area being set to positionally include positions adjacent to positions 

35 expecting passage of the sensed moving object and ii) whether or not 
objects have been sensed in the before-passage sensing area provided 
after the moving object has passed, whether or not sensed states of the 
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objects in the before-passage sensing area change between before and 
after the passage of the moving object, and b) determines that an 
taking-away event occurs when the sensed states of the objects in the 
before-passage sensing area show a state change of, at least, part of 

5 the objects from existence to non-existence, and determining that a 
leaving-behind event occurs when the sensed states of the objects in 
the before-passage sensing area show a state change of, at least, part 
of the objects from non-existence to existence.  

[0015] 
10 Normally, detecting an object taking-away event necessitates 

previous sensing existence of objects. However, in previously 
registering background data, which is seen in the conventional 
technique, a large amount of labor is required for running the system.  
In contrast, the monitoring apparatus according to this example is able 

15 to determine whether or not sensed states for an object have changed 
between before and after the passage of the moving object, and output 
the determined results if there are changes in the sensed states.  
Hence it is possible to detect both taking-way and leaving-behind 
events of objects.  

20 [0016] 
In this case, the monitoring apparatus obtains sensed states of 

an object and performs the determination based on the obtained 
sensed states. Previous registration of the background data is not 
required, saving labor in running the system.  

25 [0017] 
In this aspect, it is also possible to meet a demand of sensing an 

object leaving-behind event occurring in the sensing area, thus raising 
the level of security.  

[0018] 
30 In this preferable example, the before-passage sensing area can 

be set to include an undetectable area in which the optical sensor 
cannot sense objects in the sensing area, due to interruption of its field 
of view caused by moving objects.  

[0019] 
35 When a moving object moves in the sensing area, the field of 

view of the optical sensor may be interrupted, which will disable the 
optical sensor from detecting objects which are present farther than 
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such a moving object (i.e., in this interruption case, the optical sensor 
cannot monitor objects). If such a case happens, objects may be left 
behind in the undetectable area or taken away from the undetectable 
area. With consideration for this probability, the before-passage 

5 sensing area is set to include the undetectable area of the optical sensor.  
By this setting, occurrence of taking objects away or leaving objects 
behind can be sensed well, based on comparison of the sensed states of 
objects between before and after the passage of the moving object.  

[0020] 
10 The present invention will now be described, by way of 

non-limiting example only, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a plane view illustrating a sensing area being monitored 
by an area sensor device according to a first embodiment; 

15 Fig. 2 is a block diagram illustrating the configuration of the area 
sensor device; 

Fig. 3 is a view pictorially showing an after-passage sensing 
area; 

Fig. 4 is a flowchart showing an entrance detecting process 
20 performed by the area sensor device; 

Fig. 5 is a flowchart showing on object sensing process 
performed by the area sensor device; 

Fig. 6 is a flowchart showing a dynamic object detecting process 
performed by the area sensor device; 

25 Fig. 7 is a flowchart showing a moving object detecting process 
performed by the area sensor device; 

Fig. 8 is a flowchart showing a leaving-behind sensing process 
performed by the area sensor device; 

Fig. 9 is an illustration pictorially and time-sequentially showing 
30 a leaving-behind event occurring in the sensing area; 

Fig. 10 is a flowchart showing an entrance detecting process 
performed by an area sensor device according to a second 
embodiment; 

Fig. 11 is a flowchart showing a combined sensing process 
35 performed by the area sensor device; 

Fig. 12 is a view pictorially showing a before-passage sensing 
area; 
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Fig. 13 is an illustration pictorially and time-sequentially 
showing a taking-away event; 

Fig. 14 is an illustration time-sequentially showing a 
leaving-behind event occurring in an undetectable area, which is 

5 according to another embodiment; and 
Fig. 15 is an illustration time-sequentially showing a 

taking-away event occurring in the undetectable area.  
[0021] 

Referring now to the accompanying drawings, various 
10 embodiments of the present invention will now be described. In the 

following embodiments, components which are substantially in 
common are given the same reference numerals so that redundant 
explanations are omitted.  

[0022] 

15 [First embodiment] 
With reference to Figs. 1 to 9, a first embodiment of the present 

invention will now be described.  
As shown in Fig. 1, there is provided an area sensor device 1 

which composes a monitoring apparatus according to the present 
20 embodiment. The area sensor device 1 scans a scan area RO in a 

direction shown by an arrow S to detect objects. A sensing area R1, 
which is to be monitored, is designated in the scan area RO. In Fig. 1, 
symbols such as P1(tl) attached to for example a moving object MA 
means that the moving object has been detected at a position P1 at a 

25 time t1. In Fig. 1, it is illustrated that the moving object MA has been 
detected at positions P1 to P7 at times t1 to t7, respectively.  
Hereinafter, for sake of a simplified explanation, a moving object which 
has been detected at a position P1 and at a time t1, for example, is 
referred to as an object P1(tl). An object MS shown in Fig. 1 is a 

30 stationary object (such as a fixed obstacle) present in the sensing area 
R1.  

[0023] 
As shown in Fig. 2, the area sensor device 1 is provided with a 

controller 10, a storage unit 11, an output unit 12, and a laser scanner 
35 13. The controller 10 is composed of a microcomputer indulging a CPU, 

a ROM and a RAM which are not shown, and executes programs stored 
in the storage unit 11 to control drive of devices including the laser 
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scanner 13. The controller 10 functionally includes an object detecting 

section 10a, a dynamic object detesting section 10b, a moving object 

detecting section 10c, a predicting section 10d and a determining 
section 10e. In the present embodiment, execution of software 

5 programs by the computer 10 functionally realizes such sections 10a to 
1 0e.  

[0024) 
Though described later, the object detecting section 10a 

performs an object sensing process shown in Fig. 5 to sense objects in 
10 the sensing area R1, and the dynamic object detesting section 10b 

preforms a dynamic object detecting process shown in Fig. 6 to sense 
objects in the sensing area R1. In addition, the moving object 

detecting section 10c performs a moving object detecting process 
shown in Fig. 7 to sense objects in the sensing area R1. The predicting 

15 section 10d is capable of predicting a before-passage position shown in 
Fig. 12 in a later-described second embodiment.  

[00251 
The determining section 10e uses, as described later, 

information showing an after-passage sensing area and states of the 
20 after-passage sensing area before and after a moving object passes, 

and based on such information, the determining section 10e 

determines whether or not there have occurred events of leaving 
objects behind and/or taking objects away. Further, the determining 
section 10e sets an after-passage sensing area R2 show in Fig. 3. This 

25 after-passage sensing area R2 is for determining whether or not a new 

object has been sensed in the area R2 after passage of a moving object.  

The after-passage sensing area R2 contains positions located adjacent 
to a position through which a sensed moving object passes. This 
after-passage sensing area R2 positionally changes as the moving 

30 object moves. Additionally if a plurality of moving objects are sensed, 
the after-passage sensing area R2 is set for each of the moving objects.  
Incidentally "the positions located adjacent to a position through which 

a sensed moving object passes" is designated based on a range within 
which movable portions of the moving object can move and/or a range 

35 to which the tips of such movable portions extend in a state where the 
moving object is stationary.  

[0026] 

-8-



In the present embodiment, the after-passage sensing area R2 
is set to be an area that includes at least the width of a trajectory (i.e., 
the width of a moving object) along which a moving object moves.  
Specifically, the after-passage sensing area R2 is set to have both a 

5 width in the vertical direction in Fig. 3, in which the width is set to be an 
amount of "the lateral width of the moving object + a" and a width in 
the lateral direction in Fig. 3, in which, if the moving object is a person, 
the width in the lateral direction is set to a range which can be reached 
by a person's hand, for instance. For example, when the moving 

10 object is supposed to be a person, the margin +a can be set to an 
amount providing a range which can be reached by a human's hand, i.e, 
a range which can be reached by the tip (hand) of a movable portion 
(arm) of a human serving as the moving object. As another example, 
the margin +a can be set to an amount providing a range in which a 

15 person can move with no collisions of the person's body and hands with 
obstacles (e.g., this range can be set as an avoidance distance expected 
to be necessary for a person to avoid obstacles; for example, the range 
is equal to a width of a single person). As a conclusion, it is sufficient 
that the after-passage sensing area R2 is set appropriately depending 

20 on types of moving objects assumed to pass there and possible 
behaviors or actions of moving objects.  

[0027] 
The storage unit 11 is composed of, for example, a memory 

apparatus such as memory elements and/or HDDs which are not shown.  
25 The storage unit 11 is used to store various types of information such as 

computer programs and ranging information such as distances to 
objects detected in the sensing area R1. The output unit 12 is used to 
output results determined by the determining section 10e, in a mode in 
which the system informs an observer of the determined results.  

30 [0028j 
The laser scanner 13 (which corresponds to an optical sensor) is 

provided with a laser scanner 13a radiating a laser beam, a mirror 13b, 
an electric motor 13c, and a laser reception device 13d. The mirror 
13b reflects the radiated laser beam toward a scan area RO and also 

35 receives light reflected by objects in the scan area RO. The motor 13c 
drives the mirror 13b so that the mirror 13b rotates at a predetermined 
angular resolution and with predetermined scanning cycles and the 
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laser reception device 13d receives the reflected light. Hence, the 
laser beam radiated form the laser radiation device 13a is reflected by 
objects which are present in the scan area RO, and then received by the 
laser reception device 13d, so that the received laser information is 

5 provided as detection points showing existence of some sort of objects.  
By the way, the configuration of the laser scanner 13 shown in Fig. 2 is 
just one example, and may developed into other structures, such as 
direct driving the laser scanner 13a itself (in which the mirror 13b is not 
used for the radiation) 

10 [0029] 
The operations and advantages of the foregoing configuration 

will now be described.  
The area sensor device 1 performs repeatedly, at intervals, an 

entrance (i.e., going-in) detecting process shown in Fig. 4. In 
15 response to the start of this process, sensing objects is started (step 

Al), sensing dynamic objects is started (step S2), and sensing moving 
objects is started (step A3). In this embodiment, the phrase "sensing 
objects is started" means that the object sensing process shown in Fig.  
5 is repeatedly executed at intervals. Accordingly, although not shown 

20 in Fig. 4 for the sake of a simplified description, the object sensing 
process runs continuously even at step A4 and steps after step A4 in the 
background of the area sensor device, practically, of the CPU.  
Additionally, the phrase "sensing dynamic objects is started" in step A2 
and the phrase "sensing moving objects is started" are also the same in 

25 the interpretation as the above. Hereinafter, the object sensing 
process, the dynamic object detecting process, and the moving object 
detecting process will now described individually. Practically, these 
processes are carried out by the sections 10a - 10c, such as the object 
detecting section 10a, but for simplifying the descriptions, these 

30 processes are described provided that the area sensor device i 
performs such processes for descriptive purposes.  

[0030) 
<Object sensing process> 
The area sensor device 1 starts the object sensing process 

35 shown in Fig. 5, in which the device 1 first reads ranging information (at 
the N-th scanning) for one scan (step B1). The ranging information 
includes distances and a scanning angle detected in the sensing area R1.  
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For example, in the case of Fig. 1, the ranging information at a time 

(time instant) Ti includes a distance Li to an object MS, which is an 

obstacles, and a scanning angle 01 directed thereto, a distance L2 to a 

moving object MA and a scanning angle 01 directed thereto, and so on.  

5 The ranging information for several times of scanning is stored, and the 

N-th ranging information is read at step Al.  
[00311 

When the area sensor device 1 reads the ranging information, 
the device 1 proceeds to performance of a clustering process (step B2).  

io In this clustering process, various detection points detected 

responsively to reflection of the laser beam by objects are determined 

as to whether or not they originate from the same object. A known 

technique of, for example, clustering detection points detected within a 

predetermined region is employed here to detect an object. Based on 

15 the clustering results, the device 1 then calculates information 
indicating objects (i.e., information such as a position, size, shape, and 
density shown by a group of detection points, which corresponds to 
positional information) (step B3). The device 1 then performs a 
determination as to whether or not such information shows an object 

20 (step B4). In this embodiment, if the calculated size and shape meets 

preset conditions, it is determined that the group of detection points 
shows an object. In the example shown in Fig. 1, the moving object 

Ma and an obstacle are determined as being objects.  
[0032] 

25 When it is determined that, as shown in Fig. 1, there are objects 

(YES at step B4), the area sensor device 1 performs object registration 

by assigning object IDs to the objects (step B5). Hence, the objects 
present in the sensing area R1 are managed by the following process.  

Object information, i.e., information showing the objects, is then 

30 recorded in correspondence with the object IDs (step B6). If it is 

determined that the detection points do not result from objects, i.e., no 

objects exist (NO at step B4), the steps B5 and B6 are skipped.  
[0033] 

The area sensor device 1 determines whether or not all the 

35 clusters have already been subjected to object detection, and if this 

determination is not completed for all the clusters (NO at step S7), the 

device returns its processing to step B3 to perform the object 
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determination on the remaining clusters. Meanwhile, it is determined 
that this object determination has finished for all the clusters (YES at 

step 67), the processing is made to proceed with the next step of 
determining whether or not the next ranging information is left (step 

5 B8). If there is the next ranging information (YES at step 68), the 
scanning line information (variable N) is updated, i.e., incremented up 
to N+1 (step B9), then returning to step B1 to repeat the foregoing 
steps. When the determination for all the scanning lines is completed, 
i.e., there is no ranging information to be processed next (NO at step 

10 B8), the processing is ended. However, this object sensing process 
(and the scan of the sensing area R1) is repeated at intervals, as 
described.  

[00341 
<Dynamic object detecting process> 

15 The area sensor device 1 starts the dynamic object detecting 
process, in which the device 1 first reads the object information (at the 
N-th) recorded in the object sensing process (step Cl). After this 
reading, the device 1 further reads the (N+1)-th object information 
(step C2). Then, a target object is extracted from the N-th object 

20 information (step C3), and a degree of correlation of the extracted 
target object with an object indicated by the (N+1)-th object 
information is calculated (step C4). At this step C4, the degree of 
correlation is calculated based on information showing whether the 
objects are the same in size and whether the objects are positioned 

25 within a predetermined range (i.e. whether the objects are present in a 
range which makes it possible to provide an interpretation that the 
same object moves).  

[0035 
The area sensor device 1 then determines whether or not the 

30 degree of correlation is over a reference value and is a maximum value 
(step C5). In other words, when a plurality of objects are stored as the 
"N+1"-th object information, it is determined such plural objects have 
the maximum degree of correlation. If the degree of correlation of the 
objects is below the reference value or not the maximum value (NO at 

35 step C5), it is determined that those objects are different from each 
other. In contrast, if the degree of correlation of the objects is over the 
reference value and is the maximum value (YES at step C5), it is 
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determined that those objects stem from the same single object. Thus, 
a dynamic object ID is added to this object (step C7), and information 
concerning the object to which the dynamic object ID is attached is 
recorded as dynamic object information in an updated manner (step 

5 C8).  
[0036] 

The area sensor device 1 determines if there are remaining 
target objects (step C9), and if such remaining target objects exist (YES 
at step C9), the device 1 proceeds to step C3. If there is no remaining 

10 target object (NO at step C9), the scanning information (i.e., the 
variable N) is updated, i.e., incremented to N+1 (step C10), before 
proceeding to step C2 for repetition of the foregoing steps.  

[0037] 
<Moving object detecting process> 

15 The area sensor device 1 starts the moving object detecting 
process shown in Fig. 7. In this process, the dynamic object 
information (the Y-th to the "Y+a"-th; a variable Y indicates a start 
point at which the dynamic object information reads first and a variable 
"a" indicates a span for reading the dynamic body information) 

20 recorded in the dynamic object detecting process is read (step D1), and 
based on the read information, moving body information is calculated 
(step D2). This moving body information includes information 
showing a position, size, shape, moving speed, and moving direction of 
the object to which the dynamic object ID is added.  

25 [0038] 
Based on the dynamic object information calculated (i.e., based 

on changes of the dynamic object information) with time, the area 
sensor device 1 determines whether or not an object with a dynamic 

object ID is a moving object (step D3). If the object is determined as 

30 a moving object (YES at step D3), a moving object ID is added for 

recordation of the moving object (step D4), and information concerning 
the object with the moving object ID attached thereto is recorded as 

moving object information (step D5). However, if it is determined that 

the object cannot be regarded as a moving object (NO at step D3), the 

35 steps D4 and D5 are skipped.  
[0039] 

After this, the area sensor device i determines whether or not 
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the above determination to find moving objects from all the dynamic 
objects indicated by the read dynamic object information has been 
completed (step D6). If such determination is not completed (NO at 
step D6), the processing returns to step D1 for repetition of the 

5 foregoing steps for detecting moving objects.  
[0040] 

When the area sensor device 1 determines that the 
determination for all the dynamic objects has been completed (YES at 
step D6), the device 1 further determines the dynamic object 

10 information has been updated (step D7). If there is no update (NO at 
step D7), the processing waits before the next step by repeating this 
step D7. If the dynamic object information has been updated (YES at 
step D7), the start pointY for the determination is changed to Y+b (step 
D8), before return to step D1 for repetition of the forgoing steps. Here, 

15 the variable b indicates the next dynamic object information which is 
the next to the dynamic object information which has now been 
determined, and b=a+1 is realized.  

[0041] 
After starting, as described above, the object sensing process, 

20 the dynamic object detecting process, and the moving body detecting 
process, the area sensor device 1 reads the moving body information in 
the entrance detecting process shown in Fig 4 (step A4), and 
determines whether or not the moving object is present (step A5). If it 
is determined that there is no moving object (NO at step A5), the 

25 processing waits for the next step by repeating steps A4 and A5.  
Meanwhile, when determining that there is a moving object (YES at 
step A5), the area sensor device 1 outputs a detected result of the 
moving object (step A6), and performs a leaving-behind sensing 
process (step A7).  

30 10042] 
The leaving-behind sensing process is shown in Fig. 8, in which 

the area sensor device 1 tries to sense objects in an after-passage 
sensing area R2 for a predetermined determination period of time (step 
El). Practically, as shown in Fig. 9 for instance, the leaving-behind 

35 sensing process 1 sets, as after-passage sensing area R2, a zone 
including an area brought by a moved trajectory along which a moving 
object MA has moved and being adjacent to the brought area, and 
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senses the objects in this after-passage sensing area R2. As shown in 
exemplary illustrations (a) to (d) in Fig. 9, if any object is not sensed in 
the after-passage sensing area R2 during the times (the time instants) 
t1 to t4, but after the time t4, an object B is sensed in the after-passage 

5 sensing area R2.  
[0043] 

The area sensor device 1 stores, as an after-passage sensing 
area R2a, the after-passage sensing area R2 in which the object B has 
been sensed. Then the device 1 checks whether or not the object B 

10 has stayed continuously in the after-passage sensing area R2a for, at 
least, the predetermined determination period of time. In the example 
of Fig. 9, it can be understood that the stay time of the object B exceeds 
the determination period of time at the time t6 shown in the illustration 

(f).  
15 [0044] 

In this case, there is an object which has remained beyond the 
determination period of time (YES at step E2), so that the area sensor 
device 1 informs occurrence of a leaving-behind event (step E3). In 
other words, it is decided that the object B is left behind in the 

20 after-passage sending area R2a by the moving object MA, and 
information about this event is informed.  

[0045] 

The present embodiment described above provides the following 
advantages.  

25 The area sensor device 1 checks whether or not an object sensed 
in the after-passage sensing area R2 continues to remain there for a 
predetermined determination period of time or more. It is usual that, 
when there is an object in a path along which a moving object wants to 
move, the moving object moves with avoiding such an object in the 

30 path. It can be estimated that an object sensed in the after-passage 
sensing area R2 did not existed there before the passage (or transit) of 
the moving object so that the object has been left behind by the moving 
object. When moving objects intersect with other, both moving 
objects are moving. Hence, it is considered that, in this intersection 

35 case, the moving objects do not continue to be detected over the 
determination period of time. It is therefore possible to determine that 
an object sensed continuously in the after-passage sensing area R2 for 
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the determination period of time or more has been left behind by a 
moving object. In this way, an event that an object left behind in the 
sensing area can be monitored.  

[0046] 
5 In this case, the area sensor device 1 checks occurrence of the 

object leaving-behind event so as to follow movement of a moving 
object, whereby it is not required to register the background data 
beforehand. Without such registration, the object leaving-behind 
event which may occur in the sensing area R1 can be monitored.  

10 [0047] 
Though it is not required to register the background data, the 

object leaving-behind event can be monitored even in a case shown in 
Fig. 9 where the obstacle shown in Fig. 1 is removed, i.e., even when 
the condition within the sensing area R1 has changed, thus saving labor 

15 for the registration. Accordingly a demand for monitoring the object 
leaving-behind event in the sensing area R1 can be satisfied, upgrading 
the security.  

[0048) 

[Second embodiment] 
20 Referring now to Figs. 10 to 13, a second embodiment of the 

present invention will now be described. The components of an area 
sensor device according to the present embodiment are the same as 
shown in the first embodiment.  

An area sensor device 1 according to the second embodiment is 
25 configured to perform an entrance (going-in) detecting process shown 

in Fig. 10. In the entrance detecting process shown in Fig. 10, steps F1 
to F6 correspond to steps Al to A6 shown in Fig. 4. For this reason, 
though omitting from being described in detail, the entrance detecting 
process includes start of sensing objects (step F1), start of detecting 

30 dynamic objects (step F2), start of detecting moving objects (step F3), 
reading the moving object information (step F4), determination 
whether or not a moving object is present (step F5), output of a 
detection result for the moving object (step F6) when a moving object 
is present (YES at step F5), and performance of a combined sensing 

35 process (step F7). This combined sensing process is a process which 
can detect both an object leaving-behind event, as described, and an 
object taking-away event.  
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[0049] 

In the combined sensing process shown in Fig. 11, the area 
sensor device 1 is configured to predict a position at which a moving 
object arrive after a predetermined period of time and sets the 

5 prediction in a before-passage sensing area (step G1). To be specific, 
as shown in Fig. 12(a), the area sensor device 1 uses the moving object 
information of an moving object MA to set, as a before-passage sensing 
area R3, a position predicted such that the moving object MA will pass 
after a predetermined period of time and a region closely surround the 

10 predicted position. This before-passage sensing area R3 can be 
treated as the after-passage sensing area R2 descried in the first 
embodiment when the moving object has passed, as shown in Fig.  
12(b).  

[0050] 
15 When setting the before-passage sensing area R3, the area 

sensor device 1 stores the state of this before-passage sensing area R3 
(step G2). In this step G2, the state of this before-passage sensing 
area R3 includes, at least, information showing whether or not objects 
are present in the before-passage sensing area R3. Practically, as 

20 shown in Fig.3(a), (b) etc., states of objects sensed in the 
before-passage sensing area R3 which has been set in the moving 
direction of the moving object MA are stored.  

[0051] 
After the moving object has passed, the area sensor device 1 

25 checks the state of the before-passage sensing area R3 (step G3).  
Practically, it is checked whether or not objects are present in the area 
R3. This checked after-passage state is then compared with the state 
stored at step G2 to know how the before-passage sensing area R3 has 
changed (step G4).  

30 [0052] 
For example, in the before-passage sensing area R3 which is set 

as shown in Fig. 13(a) and (b), there is no object sensed before and 
after the passage of the moving object, the area sensor device 1 can 
determine that there is no change in the state of the before-passage 

35 sensing area R3 (NO at step G4), whereby the processing returns.  
[0053] 

In contrast, in a case shown in Fig. 13(c), it can be supposed that 
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an object B is sensed in the before-passage sensing area R3 which has 
been set at step G1. In this situation, the area sensor device 1 stores 
the before-passage sensing area R3 from which the object has been 
sensed, as a before-passage sensing area R3a, for instance, and the 

5 state of the area R3a. And, when the moving object MA moves to 
reach a position P4 as shown in Fig. 13(d), it can be confirmed that the 
before-passage sensing area R3a is shown in Fig. 13(e) at the time t5 
(step G3).  

[0054] 

10 In this case, the object B which has sensed at the position P4 at 
the time t3 disappears, so that the area sensor device 1 determines 
that the state of the before-passage sensing area R3 has changed 
between before and after the passage (i.e., transit) of the moving 
object MA (YES at step G4). Moreover, in this case, the object B, which 

15 has been sensed till then, disappears, i.e., the state of the object has 
changed from an existence state to a non-existence state (YES at step 
G5), whereby it is determined that the object B has been taken away by 
the moving object MA. Responsively to this, the object taking-away 
event is informed to an observer for instance, thus the determined 

20 result being outputted (step G7).  
[0055] 

Although omitted from being drawn, if any object was not 
sensed in the before-passage sensing area R3 but an object has been 
sensed in the before-passage sensing area R3 when the moving object 

25 has passed there, it can be estimated that the situation has changed 
from an object non-existence state to an object existence state (NO at 
step G5). In this case, it is determined that the moving object has left 
the object behind, so that this object leaving-behind event is informed 
to an observer or a system, thus the determined result being outputted 

30 (step G6).  
As described, the area sensor device 1 according to the present 

embodiment can detect both object leaving-behind and taking-way 
events in a combined manner.  

[0056] 
35 The present embodiment is thus able to provide the following 

advantageous effects.  
When it is desired to monitor an object taking-away event in a 
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monitoring area, it is necessary to know that there is present an object 
in the area. For this purpose, the conventional technique requires 
previous registration of the background data of the area, which imposes 
lots of time-consuming work on users who run the system. To improve 

5 this, the area sensor device 1 determines whether or not three is a 
change in the states of objects detected in the before-passage sensing 
area R3 between before and after the passage (transit) of a moving 
object. If the detected state shows a change from an object existence 
to an object non-existence, it is determined that an object taking-away 

10 event has occurred, while if the detected state shows a change from an 
object non-existence to an object existence, it is determined that an 
object leaving-behind event has occurred. Such determined results 
are outputted to an observer, for example. In this way, both events 
that an object is taken way by a moving object and an object is left 

15 behind by a moving object can be monitored in the sensing area by the 
same apparatus.  

[0057J 
For such monitoring performances, the area sensor device 1 

always checks how objects are sensed in the before-passage sensing 
20 area and information showing their sensed states is used as a reference 

for the event determination. Therefore previous registration of the 
background data is not required, thus lessening labor work in running 
the system.  

[0058] 
25 In addition, the object taking-away and leaving-behind events 

can be checked depending on changes in detected states of objects 
between before and after passage of a moving body. Hence, with 
avoiding a processing load being raised largely, both object 
taking-away and leaving-behind events can be detected in a combined 

30 manner.  
This also meets well a need for detecting an object 

leaving-behind event in the sensing area, raising a security level.  
[0059] 

[Other embodiments] 
35 The present invention is not restricted to the structures 

exemplified in the foregoing embodiments, but may still be deformed or 
enlarged as shown below.  
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In the second embodiment, the before-passage sensing area R3 

is set to be an area including a predicted position to which it is predicted 
that a moving object advances. This area R3 can be set to include 

other areas. For example, as shown in Fig. 14(a), when a moving 
5 object MA sensed at a time (time instant) t1 is positioned at a predicted 

position P at a time t2, the area sensor device 1 cannot check whether 
or not there are objects in a region R4 located farther than the moving 

object MA, because the field of view is interrupted by the moving object 
MA. With consideration this fact, the before-passage sensing area R3 

10 can be set to include an undetectable area, like the area R4, which 

disables sensing objects due to interruption of the field of view by the 

moving object. In this case, even if an object B was sensed in the area 

R4 before passage of a moving object MA, the field of view is 

interrupted by the moving object MA in the scene shown in Fig. 14(b) 

15 due to a forward movement of the moving object MA. However, by 
setting the before-passage sensing are R3 to include the undetectable 

area, it can be determined that the object B is taken away by the 

moving object MA, as long as, as shown in Fig. 14(c), the object B 

cannot be sensed after the moving object MA has passed, in other 
20 words, as long as the state of the region R4 has changed between 

before and after the moving object has passed.  
[0060) 

Additionally it can be supposed that an object was not sensed in 

the region R4 at a time t1 as shown in Fig. 15(a), the existence of an 

25 object could not detected in the area R4 at a time t2 as shown in Fig.  

15(b), and an object B can be sensed for the first time in the region R4 

at a time t3 as shown in Fig. 15(c). In this situation, it can be 
determined that the object B is left behind in the area R4 by the moving 

object MA.  
30 In the first embodiment, the after-passage sensing area R2 has 

been exemplified as an area including a trajectory of movement of a 

moving object. Alternatively this area R2 may be set to include the 

undetectable area which disables the object sensing by being 

interrupted by a moving object. In this case, as shown in Fig. 15(b), 
35 the object leaving-behind event can be determined based on the fact 

that the moving object MA has moved and the object B has sensed after 

a lapse of the predetermined determination period of time described in 
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the first embodiment.  
[0061] 

In such a case, for example, when an object is sensed on an 
outer edge of the region R4 shown in Fig. 15(c), i.e., the object is too far 

5 from the moving object MA, this case can be removed from 
determination of an object leaving-behind event. In other words, the 
after-passage sensing area R2 may be set to a limited area whose 
distance from the moving object MA is within a predetermined amount, 
not limited to inclusion of the overall undetectable area (i.e., the region 

10 R4). In contrast, the whole region R4 may be set as the undetectable 
area in consideration of occurrence of a probable case where a plurality 
of persons entering the sensing area and one of them interrupts the 
field of view of the monitoring apparatus so as to produce the 
undetectable area.  

15 [0062] 
By the way, in the foregoing embodiments, the optical sensor is 

exemplified as the area sensor device 1, but the present invention is not 
limited to this example. The camera imaging the sensing area is also 
used as such an optical sensor. When the area sensor device 1 is 

20 composed of a laser distance meter which usually scans horizontally a 
plane located highly a given level from the ground, it is difficult to sense 
objects placed on the ground. Instead, imaging means such as optical 
cameras can be used independent of levels above the ground, thus 
covering all objects in the sensing areas R1.  

25 [0063] 
In the drawings, a reference number 1 shows an area sensor 

device (monitoring apparatus), a reference number 13 shows a laser 
scanner (optical sensor), a reference number R1 shows a sensing area, 
a reference number R2 shows an after-passage sensing area, a 

30 reference number R3 shows a before-passage sensing area, and a 
reference number R4 shows an undetectable area.  

[0064] 
While various embodiments of the present invention have been 

described above, it should be understood that they have been 
35 presented by way of example only, and not by way of limitation. It will 

be apparent to a person skilled in the relevant art that various changes 
in form and detail can be made therein without departing from the spirit 
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and scope of the invention. Thus, the present invention should not be 
limited by any of the above described exemplary embodiments.  

[0065] 
Throughout this specification and the claims which follow, unless 

5 the context requires otherwise, the word "comprise", and variations 
such as "comprises" and "comprising", will be understood to imply the 
inclusion of a stated integer or step or group of integers or steps but not 
the exclusion of any other integer or step or group of integers or steps.  

[0066] 
10 The reference in this specification to any prior publication (or 

information derived from it), or to any matter which is known, is not, 
and should not be taken as an acknowledgment or admission or any 
form of suggestion that that prior publication (or information derived 
from it) or known matter forms part of the common general knowledge 

15 in the field of endeavour to which this specification relates.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An apparatus for monitoring objects, comprising a processor 
configured to function as: 

5 object detecting means for detecting objects in a sensing area 
by an optical sensor and calculating moving speeds and moving 
directions of the detected objects based on changes in positional 
information with time of the detected objects; 

moving object determining means for determining that, of the 
10 objects detected by the object detecting means, moving objects that 

meet a predetermined moving condition; 

object-stay determining means for determining whether or not 

another object is sensed in an after-passage sensing area that is set to 
each of the moving objects and whether or not, when the other object 

15 is sensed in the after-passage sensing area, the sensed other object 
has stayed at a sensed position in the after-passage sensing area for a 
predetermined period of time or more, the after-passage sensing area 
being set as a predetermined size area through which the 
corresponding moving object has passed; and 

20 outputting means for outputting results determined by the 

object-stay determining means.  

2. The apparatus of claim 1, wherein the after-passage sensing 
area is set to include an undetectable area that prohibits detection due 

25 to interruption of the optical sensor during the detection of the objects 
by the object detecting means.  

3. A method of monitoring a moving object, comprising: 
detecting objects in a sensing area by an optical sensor and 

30 calculating moving speeds and moving directions of the detected 
objects based on changes in positional information with time of the 
detected objects; 

first determining, of the objects detected, moving objects that 
meet a predetermined moving condition; 

35 second determining whether or not another object is sensed 
in an after-passage sensing area that is set to each of the 
moving objects and whether or not, when the other object is sensed in 
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the after-passage sensing area, the sensed other object has stayed at a 
sensed position in the after-passage sensing area for a predetermined 
period of time or more, the after-passage sensing area being set as a 
predetermined size area through which the corresponding moving 

5 object has passed; and 
outputting results determined by the second determining step.  

4. The apparatus of claim 1, wherein the after-passage sensing area 
for each of the moving objects is set to follow the moving object and has 

10 an area reachable by movable portions of the moving object.  

5. The apparatus of claim 2, wherein the after-passage sensing area 
for each of the moving objects is set to follow the moving object and has 
an area reachable by movable portions of the moving object.  

15 

6. The method of claim 3, wherein the after-passage sensing area for 
each of the moving objects is set to follow the moving object and has an 
area reachable by movable portions of the moving object.  
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