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(57) Abstract: A sensing system comprises a light source having three or more distinct wavelengths for illuminating a plurality of 
distinct areas in a field of view, a sensor for measuring the reflectance of the distinct areas at each of the distinct wavelengths, and 
an identifier for identifying at least one object in the field of view from the measured reflectance at each of the wavelengths.
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Optical Sensing System and Optical Devices Therefor

Field of the Invention

The present invention relates 
of optical devices in a sensor

5 Back of the Invention

to optical devices and use 
for identifying objects.

io

There are a great many needs f 
discriminate objects. Such dis 
example, plant discrimination 
foreign object detection in in 
classification systems, to nam<

pr sensor systems that can 
crimination can be, for 
for horticultural purposes, 
dustrial processes and in 

just a few.

15

One particular area of interes 
of pests in crops. Pests may i 
the area of weed control it is 
herbicides at different times 
a crop. Environmental concerns 
have led to critical evaluatio
agriculture. Some farming pracj; 
enable site specific applicati 
herbicide, hence limiting the
ability to accurately identify 
in real time and at common ope 
equipment is regarded as an uni

20

25

c is in the discrimination 
delude insects or weeds. In 
common practice to spray 

in the cultivation cycle of 
and increased farm costs 
of the use of chemicals in 
ices have emerged which

on of chemicals such as 
use of agro-chemicals. The 
and/or differentiate plants 
fating speeds of farm 
.llnet desire in agriculture.

n

One vegetation discriminating 
Weed Seeker" discriminates by 
index (VI) defined as the rati< 
infrared wavelengths (at aroun 
red wavelengths (around 650nm) 
plants and low for soil. Howev 
numerous problems including foip 
light sources when the target

system known as "the Patchen 
Pleasuring the vegetation 

of reflection at near 
800nm) to reflection at 
The VI is high for green 

^r this system still has 
using of light from its LED 
dbject varies in distance

3942574_2 (GHMatters) P61152.AU.1 15ZO1«3
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from the LEDs and its ability- 
different green plants with an

Brief Summary of the Invention

to discriminate between 
reliability.

In a first aspect of the prese 
sensing system for discriminat

nt invention there is a 
ing plant matter comprising;

a light source comprising 
laser being arranged to product 
different wavelength;

a combiner for combining 
from the three or more lasers 
and time division multiplexed 

a splitter for splitting
time division multiplexed lighji 
light beams, each having the d 
that the light beams are direc 
overlapping areas in a field o 
a sensor for distinctly measur 
each of the distinct non-overl 
distinct wavelengths; and

an identifier for identifyi 
in the field of view from the

three or more lasers, each 
a pulsed laser beam of a

the pulsed laser light beams 
into a combined collimated 
light beam;
the combined collimated and 
beam into a plurality of

ifferent wavelengths, such 
ted to distinct non- 
£ view;
ing reflected light from 
apping areas at each of the

ng at least one plant type 
ijneasured reflected light.

In an embodiment the identifie 
one object by determining a ra 
reflectances at each of the wa­

in an embodiment the light sou: 
sequentially illuminate the di 
embodiment the light source pr 
sequentially illuminating the 
embodiment the light source is 
simultaneously illuminate the 
embodiment the light source pr 
illuminating each of the disti

3942574_2 (GHMatters) P61152.AU.1

identifies the at least 
io between the measured 

velengths.

pee is configured to 
fetinct areas. In this 
oduces a narrow beach for 
distinct areas. In another 
configured to 

distinct areas. In this 
oduces a narrow beam for 
het areas.

3942574 2 (GHMatters) P61 I52.AU.I 1S®1(13

35



20
07

28
10

27
 

17
 Ja

n

5

10

15

20

25

30

In a second aspect of the present invention there is a 
method of identification of plant matter comprising:

producing three or more p 
having a different wavelength;

combining the three or mo 
into a combined, collimated an
light beam;

splitting the combined co 
multiplexed light beam into a ; 
beams such that light beams ar 
overlapping areas in a field o 
measuring reflected light inte 
distinct wavelengths and from 
overlapping areas; and

identifying at least one p 
view from the sensed reflected

ulsed laser light beams each

re pulsed laser light beams 
d time division multiplexed

llimated and time division 
plurality of spaced apart 
e directed to distinct non- 
f view;
nsity at each of the 
feach of the distinct non-

lant type in the field of 
light.

In an embodiment identificatio: 
providing a database of

candidate plant matter, each r 
comprising ratios of reflected 
light striking each candidate 
more different specified wave!

determining a ratio of re 
three or more different specif 

comparing the determined : 
characteristics to identify th

i of plant matter comprises: 
sference characteristics of 
sference characteristic 
light intensities from 
plant matter at three or 
sngths;
Elected light intensities at 
Led wavelengths; and 
ratios to the reference 
3 plant matter.

In an embodiment identif icatio: 
comprise:

providing a database of r 
35 candidate plant matter, each r 

comprising gradients of differ^ 
intensities from light striking

of plant matter may also

ference characteristics of 
^ference characteristic
nt reflected light 
each candidate plant

3942574.2 (GHManers) P6I I52.AU.I isrtnna
3942574_2 (GHMatters) P61152.AU.1
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matter at three or more differ 
determining gradients bet 

intensities at three or more d
wavelengths; and

comparing the determined
characteristics to identify th 
In an embodiment the candidate

snt specified wavelengths; 
ween different reflected 
ifferent specified

gradients to the reference 
g plant matter, 
objects are plant matter.

Description of Diagrams 
In order to provide a better u 
invention, preferred embodimen 
greater detail, by way of exam; 
the accompanying diagrams, in

nderstanding of the present 
ts will now be des cribed in 
pie only, with reference to 
which:

Figure 1 is a conceptual diagr^ 
system according to one embodi 
invention; Figure 2 is a graph 
reflective spectrum (by wavele

.m of a sensing and spraying 
.ment of the present 
showing a typical 

ingth) of a green leaf;

Figure 3 is a schematic diagram 
sensing system used for weed d<

of an embodiment of a 
etection;

Figure 4 is a schematic diagram 
light in accordance with one a 
invention; and,

of a source of collimated 
epect of the present

Figure 5 is a schematic diagram 
according to another embodiment

of a light source
of the present invention.

Detailed Description of Preferred Embodiments

Figure 1 shows a sensing and s 
comprises a sensing component 
controllable spray unit 24. Th 
attached to a boom of a piece 
tractor) and travels over a cr

praying system 10 which 
12, a controller 22 and a 
e system 10 is typically 
of farm machinery (such as a 
pp in a field being

30

3942574 2 (GHMatters) P6I152.AU. 1 15Λ1/13
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cultivated. The direction of t 
of the diagram. The field has 
grow from the ground 30 and un 
referred to as weeds 26. The s 
distinguish not only the groun 
in particular needs to disting 
crop 28. Alternatively the sys 
detect other pests such as ins

ravel would be right to left 
plants 28 of the crop which 
wanted plants, hereafter 
ystem 10 needs to be able to 
d 30 from the crop 28, but 
uish the weeds 26 from the 
tem may be designed to 
ects.

The system 10 operates by prod 
light 16 from a light source 1 
12. The light beam 16 is direc 
field of view as it moves over 
beam 16 is reflected off objec 
26, to produce a reflected bea 
the sensing component 12 detec 
Measured reflectance data from 
to the controller 22, which pr 
the object being scanned by th 
is further arranged to control 
at the time the spray unit 24 
valve in the spray unit 24 can 
the weed 26 with a suitable ch 
the chemical as required. The 
undertaken by the controller 2

ucing at least one beam of 
4 of the sensing component 
ted at objects within a 
the field. The transmitted 

ts, and in this case a weed 
m 18. A sensor unit 20 of 
ts the reflected beam 18.
the sensor unit 20 is sent 

ocesses the data to identify 
e beam 16. The controller 22 
the spray unit 24 so that 

passes over the weed 26, a 
be operated so as to spray 

emical, thereby only using 
identification process 
2 is described below.

25 In the prior art, the vegetatipn index is defined as the 
ratio of reflection at near infrared wavelength (around 
800nm) to the reflection at red wavelengths (around 
650nm). It has been discovered by the inventor that the 
use of additional wavelengths provides additional ability 
to discriminate not only plants from soil but also the 
ability to discriminate between different types of green 
plant, for which the prior art vegetation index is not 
reliable .

30

3942574 2 (GHMatters) P61152.AU. I taovu
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The present invention achieves 
producing light at three or mo: 
is desirable to use lasers as 
are well suited to producing 1 
bandwidths. A laser can be reg, 
only the desired wavelength. E 
produce light at each individu 
individual beam. In the past c 
to try to aim light (whether f 
single point having a varying 
source. The inventor has overc 
combining the individual beams 
beam. An embodiment of one asp 
achieves this by use of a coll 
below.

this by the light source 14 
re different wavelengths. It 
the source of light as they 
ight having very narrow 
arded as producing light at 
ach individual laser will 
al wavelength in an
omplex optics have been used 
rom a laser or not) at a 

from the light 
ome this problem by 
into a single combined 

ect of the present invention 
imator described further

20

25

Referring to Figure 3, the sen 
in more detail. The light sour 
array 30, a WDM combiner, a co 
the laser beams from each lase 
beam 48 and a beam splitter 34 
beam 48 into a plurality of pa 
objects in the field of view. . 
beam splitter is to scan the b 
moving a reflector so as to di 
path. The beam 16 may be pulse 
as it traverses the path or it

sing component 12 is shown 
ce 14 comprises a laser 
llimator 32, which combines 
r into a single combined 
which splits the combined 
rallel beams 16 directed at 
An alternative to use of the 
earn 16 across a path by 
rect the beam across the 
d so as to illuminate spots 
may be continuous.

In one embodiment the laser ar 
driven laser diodes, each prod 
wavelength (S30nxn, 670nm and 

individually controllable by t 
control circuit. The intensity 
laser can be controlled by a t

ray comprises three AC- 
ucing light at a different 
780nm). The laser diodes are 

he controller 22 via a 
of the beam emitted by each 
tim-pot.

30

3942574 2 (GHMatters) P61152.AU.I 1S/DV13
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The WDM beams are overlapped a 
collimator 32. In one embodime 
a diameter of 5mm.

The beam 16 will usually be pu 
demodulation the intensity of 
distinguished from any backgro

The point of view of Figure 3 
of travel of the agricultural 
mounted the system 10 of Figur

The beam splitter 34 comprises 
40, formed of a suitable mater 
plastics. The optical cavity 4 
hollow inside of a prism. The 
prism shape with opposite ends 
opposite longitudinal sides 36 
optical inlet 42 into which th 
the cavity 40. The inlet 42 is

nd collimated by the 
nt the combined beam 48 has

lsed/modulated so that upon 
the reflected beam 18 can 
and light.

is transverse to the length 
quipment on which is 

5 1 .

an elongate optical cavity 
ial, such as glass or clear 
0 could also be formed of a 
avity 40 has a rectangular 
44 and 46, and parallel, 
and 38. It also has an 

2 combined beam 48 can enter 
positioned at or near the

end 44. A highly reflective cokting is applied to the
surface of the side 36, which ideally has a reflectance

20 greater than 99%. A partially (reflective coating is
applied to the second side 38, 
approximately 90% of light and 
of light striking it

which reflects 
transmits approximately 10% 

This enables the majority of the

25

beam 48 striking the coating to be reflected while 
allowing some of it to be transmitted. Due to the angle of 
incidence of the incoming combined beam 48 it reflects 
between the surface coatings of sides 36 and 38, while at 
the same time producing a series of parallel beams 16, 
which are emitted from the side 38. The reflectivity of 
the coating on the side 38 in this embodiment is constant, 
but due to the intensity being progressively degraded by 
each beam transmitted, the internally reflected beam 
intensity will progressively decrease as it propagates 
along the length of the cavity 40. This in turn will

30

3942574 2 (GHMsHers) P61152.AU. 1 15/01/13
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produce progressively less int 
from the inlet 42 towards the 
reflectivity/transmissibility 
need not be constant along the 
need not be 90% / 10%.

ense beams 16 further away 
second end 46. The 
of the coating of side 38 
length of the cavity 40 and

An angle of incidence of the c 
cavity will determined the num 
be reflected down the length o 
turn will determine the spacin

ombined beam 48 into the 
ber of times the beam will 
f the cavity 40, which in 
g between each output beam

16 .

In one embodiment, the splitte 
cavity which is a single glass 
rectangular prism of dimension 
approximately. The ends may be 
one can perform as the optical

r 34 comprises an optical 
substrate in the shape of a

s 199mm x 29mm x 14mm, 
uncoated (clear) so that 
inlet 42.

In this embodiment an angle of 
degrees will produce a beam sp 
reasonable practical range of 
between 1 and 45 degrees and p 
degrees, although any angle be 
90 degrees may be appropriate 
application.

incidence of about 19 
acing of about 1cm. A 
angles of incidence is 
referably between 10 and 30 
tween (non inclusive) 0 and 
depending on the

Should it be desired to produc 
parallel then the shape of one 
38 may be varied. For example : 
concave in shape the beams 16 
the side 38 concave in shape t

p beams 16 that were not 
or both of the sides 36 and

lay making the side 36 
would diverge, or by making 
he beams would converge.

When each beam 16 strikes an o 
illuminated. On a flat surface 
straight line of dots. The ref 
from the point of view of the 
as a reflected beam 18.

bject a dot/spot will be 
the beams 16 would form a
lection of the illumination 
sensor unit 20, will appear

t30

3942574_2 (GHManers) P61152.AU. 1 1S/O1M3
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The sensor unit 20 is placed s 
the spots, although it may be 
comprises a one-dimensional im 
52. The lens 52 focuses each o 
each of the beams onto a sensi 
Thus the elements in the image 
dimensional image of the refle 
spots). This one-dimensional i 
precursor signal processor and 
22. The precursor signal proce 
signal and/or correlate the ti 
signal sent to a particular la 
intensity data in order to mat 
particular wavelength.

ubstantially in line with 
offset. The sensor unit 20 
ager 50 and an imaging lens 
f the points associated with 
ng element of the imager 50. 
r are able to produce a one- 
cted beams 18 (i.e. the 
mage is passed to a 
then onto the controller 

ssor may demodulate the 
ming of a pulse control 
ser source with the received 
ch the intensity data with a

15 In one embodiment, imager 50 comprises two stacked rows of 
1024 pixels, each pixel being 14x14 micrometers in size.

20

25

The lens 52 has an adjustable 
properly capture spots produce 
striking objects in the field 
its tilt calibrated in X and Y 
capture is achieved. The image 
virtual serial port using a CA 
(the controller 22) where it i 
programmable graphical use inb 
interface the sensor's imaging 
series of frames are captured, 
the intensity data. The intens 
measured on a 12 -bit intensity 
4096 arbitrary units.

iris, zoom and focus to 
d by the parallel beams 16 
of view. The lens can have 
dimensions so complete spot 

r 50 is connected to a 
Γ 5 Ethernet cable to a PC 
s driven using a
srface. Through this 
settings can be modified. A 
with each frame including
ity data of each spot can be 
γ scale ranging from 0 to

The viewing angle of the senso 
sequentially increase, which i 
sequential reduction in the pe 
reflected beam 18. This can be 
for by the sequential increase

r unit 20 to each spot will 
n turn will produce a 
rceived intensity in the 
substantially compensated 
in the intensity of the

30
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incident beams 16 by placing t 
the light beam 16 of weakest i 
it with a viewing angle closes

A complementary sensing system 
the other side of the sensor u 
is placed adjacent the end 46 
it is aligned with, the line o 
of the beams 16 of the system 
system 14' can be timed so tha 
multiplexed with reflectance r 
and 14 '. Indeed the output of 
division multiplexed so that t 
one wavelength at a time.

0 -

he sensor unit closest to 
ntensity thereby providing 
t to 0 degrees.

14' can be positioned on 
nit 20. The sensor unit 20 
of the splitter 34 so that 
f parallel beam 16. Output 
14 and of the beams from the 
t the sensor unit 20 can be 
eadings of the systems 14
each wavelength can be time 

he imager is only reading

15

20

25

30

Referring to Figure 4, the lig 
described in further detail. T 
first laser 60 producing light 
630nm, a second laser 62 produp 
third laser 64 producing light 
The collimator 32 comprises a
second reflector 68. Reflector^ 
film optic filters that transm 
incident from one side of the 
wavelengths incident from the 
reflector 66 light beam from 1 
whereas the beam from laser 60 
and 62 and reflector 66 are al 
beam from laser 60 is aligned 
with the beam from laser 62. T 
thin film which allows light f 
therethrough but reflects the 
and 62. The laser 64 and reflet 
reflector 66 such that reflect^ 
62 are collimated with the beai 
transmitted through reflector 
collimated from the three difft

tit source collimator 32 is 
tie laser array 3 0 comprises 
of wavelength of about 
ing light at 670nm, and a 
at a wavelength of 780nm. 
first reflector 66 and a 

66 and 68 comprise thin
it a particular wavelength 
filter and reflect all other 
other side. In the case of 
hser 62 is transmitted 
is reflected. The lasers 60 
igned so that the reflected 
and overlaps (is collimated) 
lie reflector 68 comprises a 
rom laser 62 to pass 
combined beam from lasers 60 
tor 68 are aligned with 
d beams from lasers 60 and 
from laser 64 after it is 

¢8. The resultant beam 48 is 
rent lasers.

m

35

3942574 2 (GHMatters) P61152.AU.1 1MW13
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A person skilled in the art will realise that this 
technique can be used to add further lasers (potentially 
of different wavelengths) with use of additional 
reflectors with appropriate thin film filters. An example

5 of this is schematically shown as collimator 32 in Figure 
5 and described further below. A person skilled in the art 
will also realise that the collimator will work with only 
the first laser, the second laser and the first reflector 
to collimate the beams from the first and second lasers.

10 Each laser 60, 62 and 64 has a respective mounting 70, 72 
and 74 which allow the laser to be rotated about its 
longitudinal axis. If a polarising filter is placed in the 
beam 48 each laser can be rotated so that the beam 48 has 
the same polarisation at each of the wavelengths. For

15 example the first laser 60 is rotated so that light does 
not pass through the polarising filter. Then in turn 
lasers 62 and 64 can be rotated so that again light from 
those lasers also does not transmit through the polarising 
filter. The polarisation of each of the lasers will then

20 be the same. It is desirable for the beam 48 to have the 
same polarisation, as different polarisation can be a 
detrimental factor in reading the intensity of the 
reflected beam 18.

Referring to Figure 5, an alternative embodiment of the
25 light source 14 is shown. In this embodiment an L-shaped 

optical substrate formed of glass comprises the optical 
cavity 40 of the splitter 34 (as the base of the L) , a 
section 72 which comprises a collimator section 72, and 
section 74, which connects the collimator section 72 to

30 the optical cavity 40. Sections 72 and 74 form the back of 
the L. The collimator section 72 is formed in a similar 
arrangement to that shown in Figure 4 with a plurality of 
laser sources each producing a different wavelength Xx, 
X2... λΝ-ί, λΝ of light and a series of filters 80 situated

35 on the outside of the substrate section 72 which transmits

3942574J (GHMWters) P6! I52.AU.t 15»W
3942574_2 (GHMatters) P61152.AU.1
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light from the respective laser but reflects light at 
other wavelengths (e.g., the filter marked 80 transmits 
light at λ2, but reflects other wavelengths). Filter 78 
transmits light at wavelength λΝ. The lasers and filters 78

5 and 80 are arranged with respect to the section 72 such 
that the resultant laser beam 48 is collimated. The 
collimated beam 48 strikes a reflector 76, which has 
approximately 100% reflection. Reflector 76 is oriented to 
send the beam 48 into the optical cavity 82 at an angle

io suitable to produce the desired number of combined output 
parallel beams 16 due to its reflected propagation from 
side to side down the length of the splitter 34.

The method of use and operation of the present invention 
will now be described with reference to the accompanying

15 diagrams.

System 10 is mounted for operation such that objects to be 
identified travel though the beams 16. In the weed control 
application the system 10 will be mounted on a boom of an 
agricultural vehicle, which can travel over the crop at a

20 height of about 1 to 2m. The system 10 of Figure 3 can
cover 1 to 3m along the length of the boom and if need be 
other systems 10 can be placed in parallel on the boom to 
complete the entire width of the boom. In other
applications the system 10 may be stationary and the

25 objects being identified will move by, such as on a 
conveyer belt.

The light beams 16 strike one or more objects producing a 
series of illuminated spots. The light may be visible or 
may be outside the visible spectrum. In the weed control

30 application the 630 nm laser light is visible as red. The 
670 nm and 780 nm laser light are in the (near) infrared 
spectrum and are not visible to the human eye. Other 
wavelengths may be used in other applications. In the weed 
control application more wavelengths will produce greater

3942574J (OHMatters) P61152.AU.1 1&01/1S
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accuracy in discrimination, up to about 10 to 15 different 
wavelengths .

The reflected light 18 is captured by the sensor unit 20 
and a reading of the intensity of each spot is taken. The

5 readings are provided to the controller 22. The
controller 22 runs a computer program that normalises the 
readings, stores the readings and calculates a ratio 
between each of the normalised intensities. The
normalised intensity ratios are compared to a database of 

io intensity ratios to find a match or best match. In the
event a match is found an object classification associated 
with the matching ratios is used to identify the object.

Due to the linear nature of the spots, the location and 
even a dimension of the identified object can be

15 determined. This may be combined with GPS information on 
the location of the vehicle for recording and later 
analysis. Based on the determined location in the line of 
dots (and thus the location relative to the boom), the 
distance between the sensing component 12 and controllable

20 spray unit 24, and the speed of travel of the vehicle, 
operation of the spray unit 24 can be timed to only 
dispense the chemical on to the object when it is 
identified as a weed 26. Usually a line of spray units 24 
will be positioned on the boom (or a second trailing boom)

25 . By knowing the position of the weed in the line of spots
the appropriate spray unit is activated. In the event that 
the system was configured to detect insects, when an 
insect is detected it could be sprayed with an
insecticide. Likewise in other applications once the

30 object is identified by its ratios of spectral response 
appropriate action (if any) can be taken.

The database of ratios is constructed by taking sample 
readings from possible candidate objects. The ratios of 
intensity of keys wavelengths is recorded in the database

3942574 2 (GHMatlers) P61152.AU. 115/01/13
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along with a classification of the candidate objects for 
matching against. For example the green leaf in Figure 2 
has a set of ratios of (about) 10.2:10:60.

An alternative to using ratios of intensities is to use 
5 the gradient between adjacent wavelength intensity pairs.

The ratios can in fact be used to derive the gradients and 
vice versa. Again an example of gradients of the green 
leaf in Figure 2 are (10-10.2) ± 40 = - x 0.005 and (60- 
10) ± 110 = 0.455.

io Use of the ratios or gradients provides considerably 
better matching results for identifying objects in the 
database than the prior method of using a VI because a 
larger portion of the reflectance spectrum is able to be 
used in making the match.

15 The collimator 32 of the present invention can be used in 
other applications. It operates by receiving light from 
laser 60 (or some other source of collimated light) and 
reflecting it off of reflector 66. At the same time it 
receives light from laser 62 (or another collimated light

20 source). The light from laser 62 is transmitted though the 
reflector 66 and aligns with the reflected light from 
laser 60. The light from laser 60 and laser 62 is then 
collimated. This collimated light can then be reflected 
off reflector 68. At the same time the collimator 32

25 receives light from laser 64 (or another collimated light 
source). The light from laser 64 is transmitted though the 
reflector 68 and aligns with the reflected light from 
laser 60 and laser 62. The resulting output beam 48 is an 
alignment (collimation) of light from lasers 60, 62 and

30 64. It is readily apparent that further laser of different
wavelengths can be added with appropriate reflectors.

The splitter 40 of the present invention can be used in 
other applications. It operates by receiving light 48

3942574_2 (GHMatters) P6I152.AU.I 15/01/13
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through the optical inlet 42. The light refracts according 
to the angle of incidence and is partly transmitted 
through the coating of side 38 to form a first beam 16. It 
is also reflected by the coating of side 38 and strikes

5 the coating of side 36 further along the length of the 
cavity towards end 46, whereupon it is again reflected to 
again strike the coating of side 38. This light is partly 
transmitted through the coating on side 38 to form a 
second beam parallel to the first beam. It is also

io reflected by the coating of side 38 to again strike the 
coating of side 36 further along the length of the cavity 
towards end 46. This process continues with the beam 
bouncing back and forth between sides 36 and 38 down the 
length of the cavity towards end 46 and produces further

15 beams from side 38 which are parallel to the first and 
second beams. It is readily apparent that the dimensions 
of the cavity and the angle of incidence of the input beam 
will affect the spacing and number of output beams. It is 
readily apparent that the percentage of

20 transmission/reflectance of the beam through the coating 
of side 38 will affect the intensity of the output beams.

It will be understood to persons skilled in the art of the 
invention that many modifications may be made without 
departing from the spirit and scope of the invention.

3942574 2 (GHMatlers) P61152.AU1 55Λ1/13
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The claims defining the invention are as follows:

1. A sensing system for discriminating plant matter 
comprising:

5 a light source comprising three or more lasers, each
laser being arranged to produce a pulsed laser beam of a 
different wavelength;

a combiner for combining the pulsed laser light beams 
from the three or more lasers into a combined collimated

io and time division multiplexed light beam;
a splitter for splitting the combined collimated and

time division multiplexed light beam into a plurality of 
light beams, each having the different wavelengths, such 
that the light beams are directed to distinct non-

15 overlapping areas in a field of view;
a sensor for distinctly measuring reflected light

from each of the distinct non-overlapping areas at each of 
the distinct wavelengths; and

an identifier for identifying at least one plant type 
20 in the field of view from the measured reflected light.

2. The sensing system as claimed in claim 1, wherein the 
identifier identifies the at least one plant type by 
determining a ratio between the measured reflected light

25 at each of the wavelengths and comparing the determined 
ratio with a database of reference ratios of known plant 
matter so as to identify observed plant matter at each of 
the distinct non-overlapping areas.

30 3. The sensing system as claimed in claim 1, wherein the
identifier identifies the at least one plant type by 
determining gradients between the measured reflected light 
at each of the wavelengths and comparing the determined 
gradients with a database of reference gradients of known

35 plant matter so as to identify observed plant matter at 
each of the distinct non-overlapping areas.

3942S742 (OHMatlers) P61 IS2.AU.I 15/01Π3
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4. The sensing system as claimed in any one of the 
preceding claims wherein the splitter is configured such 
that the intensity of each pulsed laser light beam 
progressively decreases and the sensor is positioned such

5 that a most intense light beam is furthest from the 
sensor.

5. The sensing system as claimed in any one of the 
preceding claims wherein the collimator comprises:

io a first reflector configured to reflect light at a
first of the wavelengths and also configured to pass light 
at a second of the wavelengths, wherein the first 
reflector, a first one of the lasers and a second one of 
the lasers are arranged such that a first laser beam from

15 the first laser is reflected by the first reflector so as 
to be combined and collimated with a second laser beam 
from the second laser which passes through the first 
reflector;

a second reflector configured to reflect collimated
20 laser beams at the first and second wavelengths and also 

configured to pass a laser beam at a third of the 
wavelengths, wherein a third one of the lasers, the first 
reflector and second reflector are arranged such that the 
combined laser beams from the first and second lasers are

25 reflected by the second reflector so as to be combined and 
collimated with a third laser beam from the third laser 
which passes through the second reflector.

6. The sensing system as claimed in any one of the
30 preceding claims wherein the splitter comprises:

an elongate optical cavity having a first end and a 
second end, a first longitudinal side and a second 
opposite longitudinal side;

a reflective layer on the first longitudinal side 
35 that reflects light inside the optical cavity;

a partially reflective layer on the second 
longitudinal side such that part of the combined laser

3942574_2 (OHMaHers) P61152. AU. I 16Λ1/13
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light beam in the optical cavity that strike the partially 
reflective layer will be reflected and part will be 
transmitted out of the optical cavity; and

an optical entry to the cavity in or adjacent to the 
5 first end such that the combined laser light beam may

enter the cavity and be reflected between the longitudinal 
sides towards the second end, with part of the combined 
laser beam exiting the cavity through the second 
longitudinal side such that the combined laser light beam

io is transformed into a plurality of spaced apart laser
light beams emanating from the second longitudinal side so 
as to illuminate the plurality of distinct non-overlapping 
areas in the field of view.

15 7. The sensing system as claimed in claim 2, wherein the
identifier comprises:

a storage for a database of reference characteristics 
of plant matter of, or derived from, reflected intensity 
of light striking each candidate plant matter at three or

20 more different wavelengths; and
a processor for determining the ratio of the measured

reflected light at each of the distinct non-overlapping 
areas and comparing the determined ratio to the reference 
characteristics in the database to identify the plant

25 type.

8. The sensing system as claimed in claim 3, wherein the 
identifier comprises:

storage for a database of reference characteristics 
30 of plant matter of or derived from reflected intensity of

light striking each candidate plant matter at three or 
more different specified wavelengths; and

a processor for determining a gradient of the 
measured reflected at each of the distinct non-overlapping

35 areas and comparing the determined gradient to the
reference characteristics in the database to identify the 
plant type .

3942574 2 (GHMatlers) P61152. AU. I ,8/01*13
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9. The sensing system as claimed in any one of the 
preceding claims wherein an orientation of each of the 
lasers is such that the polarisation of the combined laser 
light beams from the combiner is aligned at the three or

5 more wavelengths.

10. A method of identification of plant matter 
comprising:

producing three or more pulsed laser light beams each 
io having a different wavelength;

combining the three or more pulsed laser light beams 
into a combined, collimated and time division multiplexed 
light beam;

splitting the combined collimated and time division 
15 multiplexed light beam into a plurality of spaced apart

beams such that light beams are directed to distinct non­
overlapping areas in a field of view;

measuring reflected light intensity at each of the 
distinct wavelengths and from each of the distinct non-

20 overlapping areas; and
identifying at least one plant type in the field of

view from the sensed reflected light.

11. The method as claimed in claim 10 wherein 
25 identification of plant matter comprises:

providing a database of reference characteristics of 
candidate plant matter, each reference characteristic 
comprising ratios of reflected light intensities from 
light striking each candidate plant matter at three or

30 more different specified wavelengths;
determining a ratio of reflected light intensities at

three or more different specified wavelengths; and
comparing the determined ratios to the reference

characteristics to identify the plant matter.
35

12. The method as claimed in claim 10 or 11 wherein 
identification of plant matter comprises:

3942574 2 (GHMatlers) P61152.AU. I »WJin3
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providing a database of reference characteristics of 
candidate plant matter, each reference characteristic 
comprising gradients of different reflected light 
intensities from light striking each candidate plant

5 matter at three or more different specified wavelengths;
determining gradients between different reflected

intensities at three or more different specified 
wavelengths; and

comparing the determined gradients to the reference 
io characteristics to identify the plant matter.

13. A system substantially as herein described with 
reference to any one or more of the drawings.

15 14. A method substantially as herein described with
reference to any one or more of the drawings.
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