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TIMING SYSTEM AND METHOD

BACKGROUND

The present invention relates to a timing system and method using video images to

determine the time an object crosses a predetermined point or line.

Various systems for timing participants in a race and vehicles passing under a toll system
are knowv(

Race events often empby RFID systems for recording the time that participants cross the
finish line. However, RFID systems have their drawbacks: they are expensive, complicated

to set up; and not suitable for all events (such as canoeing).

Horse racing has adopted image recording technology. A camera is setup in-line with the
finish line and a line corresponding with the finish line is superimposed on the image. Time
keepers use these images to determine the frame (and therefore the time) in which each
horse crosses the finish line. However, the time keepers must then manually identify each

horse and assign a finishing time to it.

Movement recording systems using glyphs are common in vehicle management systems.
Glyphs attached to cars are picked up by cameras and the fact that the cars have passed a
certain point is recorded. However, such systems do-not accurately record the time that the

glyph (or an object associated with the glyph) passes a predetermined point or line.

The timing system and method according to the present invention aims to address these
drawbacks by determining and recording when glyphs (or objects associated with the
glyphs) pass a virtual line. Furthermore, the present invention improves the accuracy of
determining when glyphs (or objects associated with the glyphs) pass a virtual line by
calculating the average acceleration of the glyphs (or objects associated with the glyphs) in
the vicinity of the virtual line and using such average acceleration to determine the time that

the glyphs (or objects associated with the glyphs) passes the virtual line.
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SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a timing system that

includes:
a glyph associated vwith an object to be timed,;
at least one camera for capturing images of the glyph or associated object;
a computer that:
generates a virtual ling;
assolciat/es the virtual line with at least one of the images; and

determines when the glyph or associated object intersects, crosses or has

crossed the virtual line; and

a database that records the identity of the glyph and the time that the glyph or

associated object intersected or crossed the virtual line.

Preferably, the system further includes at least two markers that are captured in the images

and used by the computer to create the virtual line.

Optionally, the at least one camera is mobile, provided that it captures the at least two

markers in its images.

Typically, the computer defines an outline for the associated object and determines when the

outline intersects, crosses or has crossed the virtual line.

Generally, the system further includes a lighting system for illuminating the glyph to improve
the images captured by the at least one camera. Preferably, the lighting system emits UV or

infrared light and at least one camera includes a UV or infra-red filter.

Typically, the system utilises a plurality of cameras to capture a plurality of images and the
computer processes the times that the glyph or associated object intersects, crosses or has

crossed the virtual line on each of the plurality of images to arrive at a single time.
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Preférably, the at least one camera captureé: (i) a first image of the object before the object
crosses the virtual line; (ii) a second image of the object after the object crosses the virtual
line; and (iii) a third image of the object taken before the first image, taken after the second
image or taken while the object crosses the virtual line. More preferably, the third image is

captured before the first image.

Generally, the computer uses the three images to calculate the average acceleration of the

object in the vicinity of the virtual line.

Typically, the computer has regard to: _

(i)  the distance of the object from the virtual line in the first image;

(i)  the time that the first image was taken;

(i) the distance of the object from the virtual line in the second image;

(iv) the time that the second image was taken;

“(v) the distance of the object from the virtual line in the third image;

(vi) the time that the third image was taken; and

(vii) the average acceleration of the object, as calculated from the three images,

to calculate the time that the object crossed the line.
According to a second aspect of the invention, there is provided a method for determining
the time a glyph or object associated therewith passes a predetermined point or line, the
method includes the steps of:

capturing images of the glyph or associated object;

associating a virtual line with at least one of the images;

determining when the glyph or associated object intersects, crosses or has crossed

the virtual line; and

storing the identity of the glyph and the time that the glyph or associated object

intersects or crosses the virtual line in a database.

Preferably, the timing method further i'ncludes the étep of creating the virtual line by linking at

least two markers that are captured in the images.
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- Typically, the timing method further includes the step of defining an outline for the associated

object and determining when the outline intersects, crosses or has crossed the virtual line.

Optionally, the timing method further includes the step of illuminating the glyph to improve
the quality of the images. Preferably, the glyph is illuminated in UV or infrared light and at

least one camera includes a UV or infrared filter.

Generally, the images are created by a plurality of cameras and the time at which the glyph
or associated object intersects, crosses or has crossed the virtual line is calculated by

processing the corresponding times determined from the images of each camera.

Preferably, the step of capturing images of the glyph or associated object includes capturing
at least: (i) a first image of the object before the object crosses the virtual line; (ii) a second
image of the object after the object crosses the virtual line; and (iii) a third image of the
object taken before the first image, taken after the second image or taken while the object
crosses the virtual line. More preferably, the third image of the object is captured before the

first image.

Generally, the step of determining when the glyph or associated object intersects, crosses or
has crossed the virtual line includes the step of using the three images to calculate the

average acceleration of the object in the vicinity of the virtual line.

Typically, the step of determining when the glyph or associated object intersects, crosses or
has crossed the virtual line has regard to the following inputs:

(iy the distance of the object from the virtual line in the first image;

' (i)  the time that the first image was taken;

(i)  the distance of the object from the virtual line in the second image;

(iv) the time that the second image was taken;

(viii) the distance of the object from the virtual line in the third image;

(v) the time that the third image was taken; and

(vi) the average acceleration of the object, as calculated from the three images.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail, by way of example only, with reference to

the accompanying drawings in which:

Figure 1 is an image of a runner with glyph approaching the end of a race according to

a first aspect of the invention;

Figure 2 is a computer processed image of the glyph in Figure 1 and a virtual line

generated by the timing system according to the present invention; and

Figure 3 is the computer processed image of the runner in Figure 1 crossing the finish

line.

DESCRIPTION OF THE INVENTION

With reference to Figure 1, according to a first aspect of the invention a timing system 10 is

provided for determining the time that an object 12 crosses a predetermined point or line 14.

The object could be a motor vehicle, runner, cyclist, kayaker, canoeist, boat or any other
mobile object. By way of example, Figures 1 to 3 show the object 12 in the form of a runner

nearing the end of a running race.

The timing system 10 requires the runner 12 to wear a glyph 16 — a unique image designed
to be recognised easily by image recognition software. Figures 1 to 3 shows the glyph 16
attached to the runner’s 12 bib. However, this could be associated with any mobile bbject in
any other way, such as being stuck or painted directly onto a motor vehicle, placed on the
front of a mountain bike, etc. Furthermore, it will be appreciated that the glyph 16 could be
any other type of unique identifier, such as the race number on a bib, or the custom

designed colour print of “43” on a race vehicle.

Video cameras 18 are located near the finish line 14. A camera 18.1 is aligned with the finish
line 14, whereas other cameras 18.2 and 18.3 are located beyond, directed towards and
elevate relative to the finish line 14. The frame rate of the cameras 18 depends on the speed
of object 12 to be timed - the faster the object 12, the higher the required frame rate. Where

objects travel linearly at speed (i.e. motor vehicles), the glyph preferably comprises lines
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(e.g. bar code lines) extending in the direction of travel spaced from each other
perpendicular to the direction of travel. Such an arrangement ameliorates the impact of

burred images of the object 12 on glyph 16 identification.

The object 12 associated with a glyph 16 is identified by monitoring changes in the camera
image pixel colours in the vicinity of the glyph 16. Further processing of such image data

could also remove unwanted features (e.g. shadows).

The finish line 14 includes two markers 20 at its ends. Typically, these markers 20 are of a

specific colour and are picked up in the images captured by the cameras 18.

To improve the images of the glyphs 16 and markers 20 captured by the video cameras 18,
a lighting system '22 is trained on the finish line 14. The lighting system 22 casts UV or
infrared light towards objects 12 approaching the finish line 14 and at least one video
camera 18 includes a UV or infrared filter. The light emitted by the lighting system 22 could

automatically be adjusted using image feedback of a reference glyph (not shown).

With reference to Figures 2 and 3, the images captured by the video cameras 18 are fed to a
computer 24. The computer 24 runs software (not shown) that identifies the markers 20
associated with the finish line 14 and generates a virtual line 26 that corresponds with the
undistorted position of the actual finish line 14. The virtual line 26 is then associated with the
images. The software identifies the glyph 16 and records the time that the glyph 16

intersects, crosses or has crossed the virtual line 26 (i.e. the finish time).

Example - calculation of finishing time from two images showing an object crossing a finish

line:

Frame 1 absolute time: 1:23.435

Frame 2 absolute time: 1:23.500

Total Time = Frame 2 Time — Frame 1 Time = 1:23.500 — 1:23:435 = 0.065
X (distance from frame 1 common point to timing line): 400 pixels

Y (distance from frame 1 common point to timing line): 100 pixels
Total Distance Travelled: X + Y = 400+ 100 = 500 pixels

X ratio: 400 /500 =0.8

Y ratio: 100 /500 = 0.1

Frame 1 time to Timing Line = 0.8/ 0.065 = 0.0123076923
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Intersect Time = Frame 1 absolute time + Frame 1 time to Timing Line = 1:23.435 +
0.0123076923 = 1:23.4473

To calculate the time that the runner 12 crosses the virtual line 26 more accurately, the

cameras 18 capture: ,

(iy afirstimage of the object before the runner 12 crosses the virtual line 26;

(i) asecond image of the runner 12 after the runner 12 crosses the virtual line 26; and

(i) a third image of the runner 12 of the object taken before the first image, taken after the
second image or taken while the object crosses the virtual line. Preferably, the third

image is captured before the first image.

The computer 24 uses calibrated markers captured in the first, second and third iméges (e.g.
lines painted on the racetrack a known distance from the finish line 14) to determine the
distance of the runner 12 from the virtual line 26. Alternatively, the computer 24 could
calculate distances by counting pixels between the runner 12 in the various frames and the

virtual line 26.

The computer 24 then uses the three images to calculate the average acceleration of the
runner 12 in the vicinity of the finish line 14 / virtual line 26. And, has regard to the following
inputs to calculate a more accurate time that the runner 12 crosses the virtual line 26:

(iy  the distance of the runner 12 from the finish line 14 in the first image;

(i)  the time that the first image was taken;

(i) the distance of the runner 12 from the virtual line 26 in the second image;

(iv) the time that the second image was taken;

(v) the distance of the object from the virtual line in the third image;

(vi) “the time that the third imége was taken; and

(vii) the average acceleration of the runner, as calculated from the three images,

The method of calculating the time that the runner 12 crosses the virtual line 26 is explained

in more detail below, using the following kinematic equations:

d, —d
p=—""="" (i)
t, — tp
Vi — 7
a=—-—2 (i)
ty =¥

vi=v¢ +2a(d; —dy) (iiD)
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Where tis relative time, d is the relative position, v is the velocity and a is the constant

acceleration of the object.

The following time line illustrates the order of the images / samples (S1, S2 and S3) and a

calculated image / sample (Sx) of the runner 12 crossing the virtual line 26.

S1 S2 Sx S3
| | | |
[ I F ! t
tl tg tx t3
d1 dz dX d3
Vo Vx V3
a

Using the change in position of the runner 12 between S1 and S2, the velocity of the runner
12 at S2 (v,) can be calculated. For example:

_dp—dy

t,— 4

vy using (i)

Using the change in position of the runner 12 between S2 and S3, the velocity of the runner

12 at S3 (v;) can be calculated. For example:
_d3—d,
tz3 — &,

V3 using (i)

Using the change in velocity of the runner 12 between S2 and S3, the constant acceleration

of the runner 12 while crossing the virtual line 26 can be determined. For example:
V3 —

a= using (ii)

t3 — ¢

Using the position, time and velocity of the runner 12 at S2, the constant acceleration of the
runner 12 and the position of the virtual line 26, the time of the runner 12 at the virtual line 26

can be determined. For example:

Ve = \F)zz + 2a(d, —d,) wusing (iii)

Ve —V
t, = xa 2+t2 using (ii)

When the time that the runner 12 has crossed the virtual line 26 hés been calculated, the
identity of the glyph 16 and the finish time is stored in a database (not shown). Optionally,
the database may also store a series of video images of the object 12 crossing the finish line
14,

In more accurate applications, the software identifies the glyph 16, selects the object 12

associated with the glyph 16, and generates an outline of the object 12. The software then

8



WO 2013/126931 PCT/ZA2013/000006

tracks movement of such outline towards the virtual line 26 and records the time that such

outline intersects, crosses or has crossed the virtual line 26.

Since the software generates the virtual line 26 from the markers and uses it to determine
the finish time, the video cameras 18 need not be stationary. They can be mobile, provided

that the images captured by the cameras 18 include the markers 20.

It will be appreciated that a linear finish line 14 requires two markers 20. A non-linear finish
line 14 requires additional markers 20 for the software to generate a virtual line 26 that
corresponds with the shape of the finish line 14. Furthermore, to improve accuracy and
reduce the impact of objects 12 that impede the line of sight of other objects 12, various
video 6ameras 18 can be trained on the finish line 14. The computer 24 calculates a finishing
time for each camera 18 using the series of images received from that camera 18. Outliers
are discarded and an average finishing time is calculated. By averaging the finishing times
calculated using images from various video cameras 18, the timing system 10 can utilise

cameras 18 with lower frame rates than would otherwise be required.

According to a second aspect of the invention, a method for determining the time a glyph 16
or object 12 associated therewith passes a finish line 14 (as per the system described

above) includes the steps of:

) iluminating the glyph 16 and markers with UV or infrared light from a lighting system
22;

) capturing images of the glyph 16 or associated object 12 and markers 20 via the video
cameras 18 including: capturing at least: (i) a first image of the object 12 before the
objecf 12 crosses the virtual Iihe 26; (ii) a second image of the object 12 after the
object crosses the virtual line 26; and (iii) a third image of the object taken before the
first image, taken after the second image or taken while the object crosses the virtual
line;

. generating a virtual line 26 using the markers 20 on the images;

) associating the virtual line 26 with the images, the virtual line 26 corresponding with
the actual finish line 14 on the images;

. optionally defining an outline for the associated object 12;

o using the first, second and third images to calculate the average acceleration of the

object 12 in the vicinity of the finish line 14 / virtual line 26;



WO 2013/126931 PCT/ZA2013/000006

determining when the glyph 16, associated object 12 or outline of the associated
object 12 intersects, crosses or has crossed the virtual line 26, having regard to the
following inputs: (i) the distance of the object 12 from the virtual line 26 in the first
image; (i) the time that the first image was taken; (iii) the distance of the object 12
from the virtual line 26 in the second image; (iv) the time that the second image was
taken; (v) the distance of the object 12 from the virtual line 26 in the third image; (iii)
the time that the third image was taken and (vi) the average acceleration of the object
12, as calculated from the three images; and |

storing the identity of the glyph 16 and the time that the glyph 16 or associated object

12 intersects, crosses or has crossed the virtual line 26 in a database.

10
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CLAIMS

1.

A timing system including:
a glyph associated with an object to be timed;
at least one camera for capturing images of the glyph or associated object;
a computer that:
generates a virtual line;
associates the virtual line with at least one of the images; and

determines when the glyph or associated object intersects, crosses or has

crossed the virtual line; and

a database that records the identity of the glyph and the time that the giyph or

associated object intersected or crossed the virtual line

A timing system according to claim 1 further including at least two markers that are

captured in the images and used by the computer to create the virtual line.

A timing system according to claim 2, wherein the at least one camera is mobile,

provided that it captures the at least two markers in its images.

A timing system according to any one of the preceding claims, wherein the computer
defines an outline for the associated object and determines when the outline

intersects, crosses or has crossed the virtual line.
A timing system according to any one of the preceding claims, further including a
lighting system for illuminating the giyph to improve the images captured by the at

least one camera.

A timing system according to claim 5, wherein the lighting system emits UV or infrared

light and the at least one camera includes a UV or infrared filter.
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A timing system according to any one of the preceding claims, wherein a plurality of
cameras capture a plurality of images and the computer processes the times that the
glyph or associated object intersects, crosses or has crossed the virtual line on each of

the plurality of images to arrive at a single time.

A timing system according to any one of the preceding claims, wherein the at least one
camera captures: (i) a first image of the object before the object crosses the virtual
line; (ii) a second image of the object after the object crosses the virtual line; and (iii) a
third image of the object taken before the first image, taken after the second image or

taken while the object crosses the virtual line.

A timing system according to claim 8, wherein the computer uses the three images to

calculate the average acceleration of the object in the vicinity of the virtual line.

A timing system according to claim 9, wherein the computer has regard to:

(i) the distance of the object from the virtual line in the first image;

(i) the time that the first image was taken;

(iii) the distance of the object from the virtual line in the second image;

(iv)  the time that the second image was taken;

(v) the distance of the object from the virtual line in the third image;

(vi) the time that the third image was taken; and

(vii)  the average acceleration of the object, as calculated from the three images,

to calculate the time that the object crossed the line.

A method for determining the time a glyph or object associated therewith passes a

predetermined 'point or line including the steps of:.
capturing images of the glyph or associated object;
associating a virtual line with at least one of the images;

determining when the glyph or associated object intersects, crosses or has

crossed the virtual line; and

storing the identity of the glyph and the time that the glyph or associated object

intersects or crosses the virtual line in a database.

12
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A timing method according to claim 11, further including the step of creating the virtual

line by linking at least two markers that are captured in the images.

A timing method according to either claim 11 or claim 12, further including the step of
defining an outline for the associated object and determining when the outline

intersects, crosses or has crossed the virtual line.

A timing method according to any one of claims 11 to 13 further including the step of

illuminating the glyph to improve the quality of the images.

A timing method according to claim 14, wherein the glyph is illuminated in UV or

infrared light and the at least one camera includes a UV or infrared filter.

A timing method according to any one of claims 11 to 15, wherein images are created
by a plurality of cameras and the time at which the glyph or associated object
intersects, crosses or has crossed the virtual line is calculated by processing the

corresponding times determined from the images of each camera.

A timing method according to any one of claims 11 to 16, wherein the step of capturing
images of the glyph or associated object includes capturing at least: (i) a first image of
the object before the object crosses the virtual line; (ii) a second image of the object
after the object crosses the virtual line; and (iii) a third image of the object taken before
the first image, taken after the second image or taken while the object crosses the

virtual line.

A timing method éccording to claim 17, wherein the step of determining when the
glyph or associated object intersects, crosses or has crossed the virtual line includes
the step of using the three images to calculate the average acceleration of the object in

the vicinity of the virtual line.

A timing method according to claim 18, wherein the step of determining when the
glyph or associated object intersects, crosses or has crossed the virtual line has
regard to the following inputs:

(i)  the distance of the object from the virtual line in the first image;

(i)  the time that the first image was taken;

(i) the distance of the object from the virtual line in the second image;

(

iv) the time that the second image was taken;

13
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(v) the distance of the object from the virtual line in the third image;

(vi) the time that the third image was taken; and

(vii) the average acceleration of the object, as calculated from the three images.
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