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VEHICLE MONITORING SYSTEM AND METHOD THEREOF

This invention relates to a monitoring system, more specifically, vehicle

monitoring system which is efficient and user friendly.

BACKGROUND OF THE INVENTION

An increasing crime rate calls for safeguarding of residences and
commercial areas. Despite setting up lodges in which guards are deployed
for checking or spot-checking incoming and outgoing vehicles, crimes
such as burglary still occurs occasionally. As a result of a large ratio of
monitoring area to number of guards, the guards at services tend to
oversee suspicious moves of vehicles driven by craftily disguised burglars.
Catering for the demand for a more efficient system and method in
monitoring vehicle within a constrained region, innovators invented various

computerised vehicle monitoring systems and methods.

WO 2009030892 A2 discloses a method of monitoring traffic on a road.
Said method comprises the first step of capturing a plurality of images of
the road using a camera mounted on a viewing point, and associating a
time of capture with each image. The second step includes determining,
from the captured images, the positions of the portions of the road surface
visible from the viewpoint at the front and rear extremities of the extent of a
vehicle in the captured images at two different times, and determining from
the positions and times of the instants at least one characteristic of the
vehicle or its motion, such as the vehicle length, speed or a vehicle
classification, i.e. truck, car, motorcycle, etc.

US 20100245125 A1 discloses systems, methods, and computer program
products which provide for surveillance, traffic monitoring, and red light
enforcement. In one embodiment, the system may monitor zones of
interest; capture, time stamp, and store images of the zones of interest;
determine that an event has occurred within one of the zones of interest;
and request the stored images of the zone of interest during the occurring
time of the event.

PCT/MY2015/050009
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None of the above-mentioned inventions is tailor-made to monitor vehicles
in a bounded area where ftraffic density is relatively low. Furthermore,
existing systems employ a plurality of monitors for displaying the traffic
images at locations where cameras are deployed. Guards being deployed
at a lodge generally face difficulty in tracking vehicles which appear
irregularly on the monitors. Besides, a large amount of monitors pose

difficulty for the guards to locate occurrence of an event.

SUMMARY OF THE INVENTION

According to the invention, the problems are solved by a vehicle
monitoring system which comprises: a plurality of cameras, identifiers and
locations of which being stored in a database, disposed at different
locations in an area under monitoring for acquiring videos of traffic; a
module for extracting, from the videos, snapshots of a vehicle; a module
for recognising travelling direction of the vehicle, and detecting violation of
the travelling direction; a module for mapping travelling path of the vehicle;
and a module for visualising track of the vehicle by displaying the
snapshots of the vehicle sequentially according to time the vehicle passes
each location where the camera acquires the videos from, and rendering
visual representation which denotes vehicle location, travelling direction
and path, and status of violation of travelling direction and its occurring

time.

Preferably, the module for recognising travelling direction of the vehicle,
and detecting violation of the travelling direction, also post-processes the
snapshots, such that in each snapshot displayed the vehicle is marked
with a square, labelled with the travelling direction and the status of

violation of travelling direction.

Advantageously, the visual representation is rendered based on a three-

dimensional map of the area under monitoring.

The invention also provides a method for monitoring vehicle, which
comprises steps of: acquiring videos of traffic by a plurality of cameras
disposed at different locations in an area under monitoring; extracting,

PCT/MY2015/050009
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from the videos, snapshots of a vehicle; recognising the travelling direction
of the vehicle, and detecting violation of travelling direction; mapping the
travelling path of the vehicle; and visualising the track of the vehicle by
displaying the snapshots of the vehicle sequentially according to time the
vehicle passes each location where the camera acquires the videos from,
and rendering visual representation which denotes vehicle location,
travelling direction and path, and status of violation of travelling direction

and its occurring time.

Advantageously, the step of recognising the travelling direction of the
vehicle, and detecting violation of travelling direction, is succeeded by a
step of post-processing the snapshots, such that in each snapshot
displayed the vehicle is marked with a square, labelled with the travelling

direction and the status of violation of travelling direction.

Preferably, the rendering of the visual representation is based on a three-

dimensional map of the area under monitoring.

Advantageously, the snapshots of the vehicle are extracted from the
videos by steps of: obtaining, from the database, identifiers and locations
of the cameras; receiving videos from the cameras; converting the video
into frames of still images; scanning the images and recognising a moving
vehicle by comparing the backgrounds in the images; and extracting the
snapshots of the vehicle from the images, and storing the snapshots in a

memory.

Preferably, the travelling direction of the vehicle is recognised by
employing a reference line virtualised transversely across the travelling
path of the vehicle, said recognition comprises steps of: checking if the
vehicle crosses the line; determining the travelling direction by comparing
it to a predetermined direction; and caching the travelling direction of the
vehicle determined in previous step.

Advantageously, the violation of travelling direction is detected by
employing region analysis which comprises steps of: checking, within a
predetermined region encompassing the reference line, movement

sequence of the vehicle; determining if the sequence violates a
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predetermined sequence of movement; and caching the status determined

in previous step, of the violation of travelling direction.

Preferably, the region analysis is succeeded by a snapshot post-
processing procedure which comprises steps of: obtaining a snapshot
from the memory; marking the vehicle in the snapshot with a square, and
labelling the snapshot with the travelling direction and the status of
violation of travelling direction; and storing the post-processed snapshot in

the memory.

Advantageously, the travelling path of the vehicle is mapped by steps of:
obtaining information of the vehicle, including vehicle location, travelling
direction, and status of violation of travelling direction and its occurring
time; associating the information to locations in the visual representation,
and determining the traveling path of the vehicle in the visual
representation; categorising the travelling path as of travelling direction
conformable or reverse to the predetermined direction; and assigning

dissimilar colour to the travelling path of each category.

Preferably, the track of the vehicle is visualised by steps of: obtaining
information from the path mapping module, and rendering the visual
representation based on said information; and retrieving the snapshots
from the memory, and displaying them sequentially according to time the
vehicle passes each location where the camera acquires the videos from.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention will now be described in greater detail, by way of example,
with reference to the accompanying drawings, in which:

Fig. 1 is a block diagram showing a vehicle monitoring system according

to the invention;

Fig. 2 is a flowchart showing a vehicle monitoring process according to the

invention;

Fig. 3 is a flowchart showing a snapshot extraction process;

PCT/MY2015/050009
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Fig. 4 is a flowchart showing a process for recognising travelling direction
and detecting violation of travelling direction;

Fig. 5 is a schematic diagram showing recognition of travelling direction
using a reference line virtualised across a travelling path, and two vehicles

travelling in opposite directions conformable to predetermined directions;

Fig. 6 is a schematic diagram showing detection of travelling direction
using region analysis, and a vehicle travelling in a direction which

conforms to a predetermined direction;

Fig. 7 is a schematic diagram showing detection of travelling direction
using region analysis, and a vehicle travelling in a direction which is not

conformable to the predetermined direction;

Fig. 8 is a schematic diagram showing a process for obtaining a vehicle

snapshot from still images stored in a memory;

Fig. 9 is a schematic diagram showing a process for marking the vehicle in
the snapshot with a square, labelling the snapshot with the travelling
direction and the status of violation of travelling direction, and storing the
post-processed snapshot in the memory;

Fig. 10 is a flowchart showing a process for mapping travelling path of the
vehicle;

Fig. 11 is a flowchart showing a process for visualising track of the vehicle;
and

Fig. 12 is showing snapshots of the vehicle displayed sequentially, and a
three-dimensional visual representation depicting travelling path of the
vehicle.

As shown in Fig. 1, the vehicle monitoring system 100 comprises a
plurality of cameras 101, a database 102, a snapshot extraction module
103, a module 104 for direction recognition and violation detection, a path
mapping module 105, a track visualisation module 106, and displays 107.

PCT/MY2015/050009
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In order to acquire videos of traffic, the cameras 101 are disposed at
different locations in an area under monitoring. Identifiers and locations of
the cameras 101 are stored in the database 102, allowing the snapshot
extraction module 103 to identify and locate the cameras 101, and extract
snapshots from the videos. After that, the subsequent module 104
recognises travelling direction and detects any violation of travelling
direction. The same module 104 also post-processes the snapshots in a
way such that each snapshot displayed is a post-processed snapshot, in
which the vehicle is marked with a square, labelled with the travelling
direction and the status of violation of travelling direction. The path
mapping module 105 maps the travelling path of the vehicle, whereas the
track visualisation module 106 displays the snapshots of the vehicle
sequentially according to time the vehicle passes each location where the
camera 101 acquires the videos from, and renders visual representation,
in which vehicle location, travelling direction and path, and status of
violation of travelling direction and its occurring time are denoted. The
visual representation is rendered based on a three-dimensional map of the
area under monitoring. A display means 107 comprised of a plurality of
monitors is employed to output the track visualisation of the vehicle.

As shown in Fig. 2, the vehicle monitoring process 200 starts with a first
step 201 of acquiring videos of traffic by a plurality of cameras disposed at
different locations in an area under monitoring. This is followed by a
second step 202 of extracting, from the videos, snapshots of a vehicle.
The process is continued by a third step 203 of recognising the travelling
direction of the vehicle, and detecting violation of travelling direction. This
is followed by a fourth step 204 of mapping the travelling path of the
vehicle. The process is continued with a fifth step 205 of visualising the
track of the vehicle by displaying the snapshots of the vehicle sequentially
according to time the vehicle passes each location where the camera
acquires the videos from, and rendering visual representation which
denotes vehicle location, travelling direction and path, and status of

violation of ftravelling direction and its occurring time. The process

PCT/MY2015/050009



10

15

20

25

30

WO 2015/147629

7
concludes with a sixth step 206 of outputting the vehicle track visualisation

on monitors.

As shown in Fig. 3, the snapshot extraction process 202 starts with a first
step 301 of obtaining, from the database, identifiers and locations of the
cameras. This is followed by a second step 302 of receiving the videos
from the cameras, and a third step 303 of converting the videos into
frames of still images. The process is continued by a fourth step 304 of
scanning the images and recognising a moving vehicle by comparing the
backgrounds in the images. The process concludes with a fifth step 305 of
extracting the snapshot of the vehicle from the images, and storing the

snapshots in a memory.

Referring to Fig. 4 and 5, the process 203 for recognising travelling
direction employs a reference line 501 which is virtualised transversely
across the travelling path 502a, 502b of the vehicle 503a, 503b. The
process starts with a first step 401 of checking if the vehicle 503a, 503b
crosses the line. It follows with a second step 402 of determining the
travelling direction 504a, 504b of the vehicle by comparing the travelling
direction 504a, 504b of the vehicle to a predetermined direction 505a,
504b. The process concludes with a third step 403a, 403b of caching, in a
memory, the travelling direction 504a, 504b of the vehicle determined in
the previous step.

Referring to Fig. 4, 6, and 7, the process for detecting violation of travelling
direction employs region analysis. The process begins with a first step of
checking, within a predetermined region 600, encompassing the reference
line 501, movement sequence of the vehicle 503a. This is followed by a
second step 404 of determining if the sequence violates a predetermined
sequence of movement. The process concludes with a third step 405a,
405b of caching the status of the violation of travelling direction.

Referring to Fig. 4, 8 and 9, the post-processing procedure comprises a
first step 406 of obtaining a snapshot 801 from the memory 802. It is
followed by a second step 407 of marking the vehicle 901 in the snapshot

801 with a square 902, and labelling the snapshot 801 with the travelling
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direction 903 and the status of violation (not shown in Fig. 9) of travelling
direction. The procedure concludes with a third step 408 of storing the
post-processed snapshot 904 in the memory 905.

As shown in Fig. 10, the path mapping process 204 starts with a first step
1001 of obtaining information of the vehicle, including vehicle location,
travelling direction, and status of violation of travelling direction and its
occurring time. The process is continued by a second step 1002a, 1002b
of associating the information to locations in the visual representation and
determining the travelling path of the vehicle in the visual representation.
This is followed by a third step 1003a, 1003b of categorising the travelling
path into two categories, i.e. first category which contains travelling path
whose travelling direction is conformable to the predetermined direction,
and second category which contains travelling path whose travelling
direction is reverse to the predetermined direction. The process concludes
with a fourth step 1004a, 1004b of assigning green to the travelling path of
the first category, and red to that of the second.

As shown in Fig. 11, the process 205 for visualising the track of the vehicle
starts with a first step 1101 of obtaining information from the path mapping
module. This is followed by a second step 1102 of retrieving the snapshots
from the memory, and displaying them sequentially. The process
concludes with a third step 1103 of rendering a three-dimensional visual

representation.

As shown in Fig. 12, a plurality of monitors 1201 display the snapshots
1202 of the vehicle sequentially, said snapshots 1202 being arranged
according to time the vehicle passes each location where the camera
acquires the videos from. Bottom portion of the figure shows a three-
dimensional visual representation 1203, in which vehicle location,
travelling direction and path, status of violation of travelling direction and

its occurring time are denoted.
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CLAIMS

A vehicle monitoring system (100) comprising:

a plurality of cameras (101), identifiers and locations of which being
stored in a database (102), disposed at different locations in an

area under monitoring for acquiring videos of traffic;

a module (103) for extracting, from the videos, snapshots of a
vehicle;

a module (104) for recognising travelling direction of the vehicle,

and detecting violation of the travelling direction;
a module (105) for mapping travelling path of the vehicle; and

a module (106) for visualising track of the vehicle by displaying the
snapshots of the vehicle sequentially according to time the vehicle
passes each location where the camera acquires the videos from,
and rendering visual representation which denotes vehicle location,
travelling direction and path, and status of violation of travelling

direction and its occurring time.

A system (100) as claimed in claim 1, wherein the module (104) for
recognising travelling direction of the vehicle, and detecting
violation of the travelling direction, also post-processes the
snapshots, such that in each snapshot displayed the vehicle is
marked with a square, labelled with the travelling direction and the
status of violation of travelling direction.

A system (100) as claimed in claim 2, wherein the visual
representation is rendered based on a three-dimensional map of

the area under monitoring.

A method (200) for monitoring vehicle, comprising steps of:

acquiring (201) videos of traffic by a plurality of cameras disposed

at different locations in an area under monitoring;
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extracting (202), from the videos, snapshots of a vehicle;

recognising (203) the travelling direction of the vehicle, and
detecting (203) violation of travelling direction;

mapping (204) the travelling path of the vehicle; and

visualising (205) the track of the vehicle by displaying the snapshots
of the vehicle sequentially according to time the vehicle passes
each location where the camera acquires the videos from, and
rendering visual representation which denotes vehicle location,
travelling direction and path, and status of violation of travelling

direction and its occurring time.

A method (200) as claimed in claim 4, wherein the step (203) of
recognising the travelling direction of the vehicle, and detecting
violation of travelling direction, is succeeded by a step of post-
processing the snapshots, such that in each snapshot displayed the
vehicle is marked with a square, labelled with the travelling direction
and the status of violation of travelling direction.

A method (200) as claimed in claim 5, wherein the rendering of the
visual representation is based on a three-dimensional map of the

area under monitoring.

A method (200) as claimed in claim 6, wherein the snapshots of the
vehicle are extracted from the videos by steps of:

obtaining (301), from the database, identifiers and locations of the

cameras;
receiving (302) videos from the cameras;
converting (303) the videos into frames of still images;

scanning (304) the images and recognising a moving vehicle by
comparing the backgrounds in the images; and

extracting (305) the snapshots of the vehicle from the images, and
storing (305) the snapshots in a memory.
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A method (200) as claimed in claim 7, wherein the travelling
direction (504a, 504b) of the vehicle is recognised by employing a
reference line (501) virtualised transversely across the travelling
path (502a, 502b) of the vehicle, said recognition comprises steps
of:

checking (401) if the vehicle crosses the line;

determining (402) the travelling direction by comparing it to a
predetermined direction; and

caching (403a, 403b) the travelling direction of the vehicle

determined in previous step.

A method (200) as claimed in claim 8, wherein the violation of
travelling direction is detected by employing region analysis which
comprises steps of:

checking, within a predetermined region (600) encompassing the
reference line (501), movement sequence of the vehicle;

determining (404) if the sequence violates a predetermined

sequence of movement; and

caching (405a, 405b) the status determined in previous step, of the

violation of travelling direction.

A method (200) as claimed in claim 9, wherein the region analysis
is succeeded by a snapshot post-processing procedure which
comprises steps of:

obtaining (406) a snapshot from the memory;

marking (407) the vehicle in the snapshot with a square, and
labelling (407) the snapshot with the travelling direction and the
status of violation of travelling direction; and

storing (408) the post-processed snapshot in the memory.

PCT/MY2015/050009
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A method (200) as claimed in claim 10, wherein the travelling path

of the vehicle is mapped by steps of:

obtaining (1001) information of the vehicle, including vehicle
location, travelling direction, and status of violation of travelling

direction and its occurring time;

associating (1002a) the information to locations in the visual
representation, and determining (1002b) the travelling path of the

vehicle in the visual representation;

categorising (1003a, 1003b) the travelling path as of travelling
direction conformable or reverse to the predetermined direction;

and

assigning (1004a, 1004b) dissimilar colour to the travelling path of
each category.

A method (200) as claimed in claim 11, wherein the track of the

vehicle is visualised by steps of:

obtaining (1101) information from the path mapping module, and
rendering (1103) the visual representation based on said

information; and

retrieving (1102) the snapshots from the memory, and displaying
(1102) them sequentially according to time the vehicle passes each

location where the camera acquires the videos from.
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