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(57) Abstract: A Light Detection and Ranging (LIDAR) apparatus and method is disclosed having a rotatable light source means
is enabled to emit a light ray, the light ray being emitted at a plurality of angular intervals; reflection means, which is preferably
parabolic in shape, and analysis means for calculating a position at which one or more features are present based on the angle that
the light ray was emitted and the time delay associated with the received retlected light, from a feature, wherein the analysis means
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Improvements in LIDARS

The present invention relates to a LIDAR (Light Detection and Ranging) with
increased resolution in at least one direction and particularly, but not
exclusively, a Cartesian coordinate LADAR (Laser Detection and Ranging) for

autonomous vehicles.

LIDAR devices, of which LADAR devices are a subset, are an optical remote
sensing technology. In the case of LADARs, laser pulses are used to detect the
range to an object by measuring the time delay between transmission of a pulse
and detection of the reflected signal. LADAR devices have been used in many

applications, including autonomous vehicles.

Most LADAR devices operate by rotating a laser, or a mirror deflecting a laser
beam, through a predetermined angular rotation. As the angle that a pulse of
the laser beam is transmitted is known, the LADAR device can output an angle
and distance to any object detected, giving the position of the object in the
spherical coordinate space. Typically, the position is then transformed to the
Cartesian coordinate space for use with other systems.

One consequence of using this method is that the resolution of detection of any
objects decreases the further the objects are away from the transmission point.
That is, each pulse transmitted at a particular angular point diverges from a

pulse transmitted from an earlier angular point.

In autonomous vehicle applications, LADARs are used for the detection of
objects that may present a collision danger or navigation problem. LADARSs with
a decreasing resolution with increasing distance results in limitations on speed
of travel for autonomous vehicles. If a vehicle requires to travel at faster speeds,
any navigation system must make decisions on possible routes at an earlier

stage and, therefore, requires information on obstacles at an earlier time.
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Prior art methods for improving the resolution typically include increasing the
number of lasers rotating in the device, but this still means that the resolution of

the system varies according to the distance from the device.

According to a first aspect of the present invention there is provided a Light
Detection and Ranging (LIDAR) apparatus comprising:

a light source means enabled to emit a light ray and arranged such that
the light ray is at least partially rotatable about a rotational centre, the light ray
being emitted at a plurality of angular intervals;

reflection means having a focal point, the reflection means positioned
such that the rotational centre of the light ray is substantionally located at the
focal point and between a first angle and a second angle,

reception means for receiving reflected light from one or more features in
the path of the light ray; and

analysis means for calculating a position at which one or more features
are present based on the angle that the light ray was emitted and the time delay
associated with the received reflected light, wherein, when the light ray is
emitted between the first and second angles, the analysis means takes into
account the reflection of the light ray from the reflection means.

A feature may be any surface which produces a reflection, such as from an
object or surface in front of the LIDAR.

Preferably, the reflection means is a single mirror.

Alternatively, the reflection means is an array of mirrors.

Preferably, the reflection means characteristics and position are such that the

successive emitted light rays once reflected from the reflection means follow a

non-diverging path.
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Preferably, the reflection means is parabolic in shape, enabling the successive
emitted light rays, once reflected from the reflection means, to follow a

substantially parallel path

Preferably, the position of the or each feature is calculated using a Cartesian

coordinate system having a reference point at the focal point.

Preferably, the analysis means calculates an intercept point, being the point at
which the light ray is reflected from the reflection means.

Preferably, the light source means is rotatable through 360°.

Preferably, the light source means is rotatable between a first and second

position in an arc.
Alternatively, the light source means is fixed with respect to the reflection
means and the light ray is rotated between a first and second position in an arc

through reflection from a rotatable light source mirror.

Preferably, the light source means and reception means are co-located at the

focal point.

Alternatively, the light source means is located at the focal point and the

reception means is spaced apart from the focal point .

Preferably, the light source is at least one laser and the light ray is a laser

beam.

Preferably, the light source is a single laser and the light ray is a laser beam.

Preferably, the apparatus further comprises a refractive means enabled to

refract light rays to reduce divergence from the light source means.
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Preferably, the apparatus further comprises directional movement means
arranged to pan or tilt the apparatus and allowing light rays reflected from the

reflection means to be aimed in a particular direction.

According to a second aspect of the present invention there is provided a
method of operating a LIDAR having a light source means comprising the steps
of:

(i) emitting a light ray from the light source means at regular intervals;

(i) rotating the light ray about a rotational centre at a plurality of angular
intervals;

(iii) reflecting the light ray from reflection means having a focal point, the
reflection means positioned such that the rotational centre of the light
ray is substantionally located at the focal point and between a first
angle and a second angle;

(iv) receiving reflected light from one or more features in the path of the light
ray;

(v) calculating a position at which one or more features are present based
on the angle that the light ray was emitted and the time delay
associated with the received reflected light, wherein, when the light ray
is emitted between the first and second angles, the analysis means
takes into account the reflection of the light ray from the reflection

means.

Preferably, the reflection means is a single mirror.

Alternatively, the reflection means is an array of mirrors.

Preferably, the reflection means characteristics and position are such that the

successive emitted light rays once reflected from the reflection means follow a

non-diverging path.
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Preferably, the reflection means is parabolic in shape, enabling the successive
emitted light rays, once reflected from the reflection means, follow a

substantially parallel path

Preferably, step (v) calculates the position using a Cartesian coordinate system
having a reference point at the focal point.

Preferably, step (v) calculates an intercept point, being the point at which the
light ray is reflected from the reflection means.

Preferably, step (ii) rotates the light source means through 360°.

Alternatively, step (ii) rotates the light source means between a first and second

position in an arc.

Alternatively, the light source means is fixed with respect to the reflection
means and step (ii) rotates the light ray between a first and second position in
an arc through reflection from a rotatable light source mirror.

Preferably, the light source means and reception means are co-located at the

focal point.

Alternatively, the light source means is located at the focal point and the

reception means is spaced apart from the focal point .

Preferably, the light source is at least one laser and the light ray is a laser

beam.
Preferably, the light source is a single laser and the light ray is a laser beam.
According to a third aspect of the present invention there is provided a collision

avoidance system comprising a LIDAR according to the first aspect of the

present invention.
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According to a fourth aspect of the present invention there is provided a
preferred terrain selection system comprising a LIDAR according to the first
aspect of the present invention.

According to a fifth aspect of the present invention there is provided an
autonomous vehicle comprising a vehicle collision avoidance system according
to the third aspect or a preferred terrain selection system according to the fourth
aspect of the present invention.

According to a sixth aspect of the present invention there is provided a driver
assistance system for a vehicle comprising a vehicle collision avoidance system
according to the third aspect or a preferred terrain selection system according to
the fourth aspect of the present invention.

Embodiments of the present invention will now be described, by way of example
only, with reference to the drawings, in which:

Fig. 1 shows a LADAR having a parabolic mirror;

Fig. 2 shows an intercept point of a LADAR beam and corresponding reflected

beam on a mirror;

Fig. 3 shows a graph of intercept height and LADAR beam angle for an

example mirror;

Fig. 4 shows a graph of the difference in intercept height between LADAR beam
angles and LADAR beam angle for an example mirror; and

Fig.5 shows a more detailed view of a laser beam path reflecting from the
parabolic mirror of Fig. 1.
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The following description refers exclusively to LADARs (Laser Detection and
Ranging) as an example. LADARs are a particular implementation of a LIDAR
(Light Detection and Ranging) and, as such, it should be appreciated that the
invention is not limited to LADARSs.

Prior art LADARs operate by sending out pulses of laser light in a number of
directions and measuring the time delay of any reflections received back. The
laser light is typically sent out in multiple directions by rotation of either a laser
unit or by rotations of a reflecting device at which a laser unit is pointed. For
360° operation of a LADAR, it is usually the laser unit which is rotated to avoid

directions in which the laser light cannot be sent.

These systems operate in the polar coordinate space (or spherical coordinate
space for three dimensional systems) as, natively, the angle that the laser light
is known and the distance to any object which reflects the light is calculated.
That is, the angular coordinate 8 of a polar coordinate space is known and the
radial coordinate ris calculated. As mentioned previously, a drawback of
LADARs operating in a rotational mode is that as the distance increases from
the LADAR, the resolution decreases due to the diverging pulses of laser light

as the angle changes.

In some applications, such as in autonomous vehicles, it is desirable to have a
higher resolution at larger distance from the LADAR. For example, to enable
higher speed operation of autonomous vehicles, higher resolution of features at
a greater distance from the vehicle is necessary to enable the appropriate
corrective action. Also, especially in autonomous vehicle applications, it is less
important to detect features which are behind the LADAR.

Features are usually objects which are present in the range of the LADAR and
which reflect light but can also be, for example, differing surfaces of ground. For
ease of explanation, the remaining description will refer to objects which are

detected.
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Referring now to Fig. 1, a LADAR 10 is shown having a laser transmission and
reception means 12, a parabolic mirror 14 and an analysis and control means
16. In this example, the laser transmission and reception means 12 rotates a
single laser unit and emits laser beam pulses every 15°. The parabolic mirror 14
is positioned between angles 120° and 240°, taking laser beam path Pg as 0°.
Accordingly, laser beam paths P, to P45 are positioned such that the laser
pulses following those paths do not interact with the mirror 14. Laser beam
paths C1 to Cs interact with the mirror 14 and are reflected, due to the parabolic

nature of the mirror 14, parallel with laser beam path Ps.

When a laser beam emitted by the laser unit strikes an object in its path, the
object reflects a proportion of the laser beam back towards the LADAR 10. For
example, laser beams emitted along paths P13 and P14 will strike object A and
laser light will be reflected back to the LADAR 10. The laser transmission and
reception means 12 comprises a light reception means, such as an electronic

image sensor, capable of detecting the reflected laser light.

The analysis and control means 16 comprises a pulse controller 18, a time-
delay analysis means 20 and a position analysis means 22. The pulse controller
18 controls the laser unit to emit pulses of laser beams at pre-defined angular
rotations or at regular time intervals where the angle of the beam emission
being recorded. The time-delay analysis means 20 calculates the time-delay
between the emission of the laser beams and the receipt of reflected light at the
light reception means. As the speed of light is known, the position analysis
means 22 can calculate a position of an object reflecting light from the angle at
which the laser beam was emitted.

The position analysis means 22 is pre-configured with the position of the
parabolic mirror 14. Where the laser unit is at an angle such that the laser beam
will not be reflected by the parabolic mirror, such as beam paths P4 to P45, the
position analysis means can calculate a polar coordinate position for any object
which reflects light from the laser beam. The angle the beam is emitted gives
the angular coordinate 6 and the distance to the object gives the radial
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coordinate r. The polar coordinate position can then be transferred to Cartesian
coordinates if required. As mentioned previously, this is the standard operation
of a LADAR unit and results in a system in which the resolution decreases as
increasing distances from the LADAR.

Where the laser unit is at an angle such that the laser beam will be reflected by
the parabolic mirror, such as beam paths C4 to Cg, the position analysis means
22 can directly calculate a Cartesian coordinate of any object which reflect lights
from the laser beams. To perform this calculation the position analysis means
22 requires the perpendicular distance above a reference that the emitted laser
beam is reflected by the parabolic mirror, giving a y-coordinate, and the
perpendicular distance to the reflected object from a second reference, at right
angles to the first, taking into account the variance in distance caused by the

curvature of the parabolic mirror, giving an x-coordinate.

To expand on the calculation required by the position analysis means 22, the
equation of a parabola is:

for an x-y coordinate system, where p is the distance from the vertex to the
focus of the parabola. This can be written in parametric form as:

X = ptf

y=2pt

where t; is the parametric variable.

A LADAR beam modelled as a straight line emitted from the centre of the
reference point (xo, ¥o) can be written parametrically as:

xX=Xx,+u

Y=y, +1,V

where 1, is the parametric variable and (u, v) is the direction vector of the
LADAR beam. The angle of the beam with respect to the x-axis is given by

v
arctan| — |.
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The LADAR beam intersects with the mirror at:

ptl2 S Xy F U 4)
and
2Pt = Yo LV e (5)

5 Rearranging (4) gives

and substituting (6) into (5) gives

tl —x
2pt, =y, +v(%] ...................................................................... 7)
=5 2DUL, = Yol F VPET = VX[ i (8)
10 = (vp)tf —(2pu)t1 +(y0u—vx0)= 0 e (9)

Thus, equation (9) is a quadratic equation in the parameter t; and so

t:2m¢J@mf—4wbw—%ﬂ 10)
1 T —

There are potentially two values of {; and this is the maximum number of times
that the line can intersect the parabola. The relevant ¢, is that where the

15  associated f2is greater than 0, as this is for the beam moving forwards in the
same directions as the direction vector. The value of t, can be found from

equation (6).

Having found ¢, the coordinates of the intercept can be found by substituting ¢,
20  into equation (2).

2

2put (2 pu) = 4p) v —x,v)
2vp

X=p

A 2pu i\/(zp“)z —4(vp)(y0u _xov)
y=12p
2vp

The gradient of the tangent at the intercept can be found using

X(tl):ptlz :>d_X:2pt1
ar,
JY s (12)
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O e (13)

dx dX dt,

and thus

ﬂ = ! 2p= l ............................................................................... (14)

dx 2pt, t

The equation of a line where a point (%, ) and a gradient m is specified is given
by:

y—yzm(x—x) ................................................................................... (15)

and so

Y= XA (P =) oo (16)

For the parabola, the equation of the tangent to the parabola at the intercept is

given by
Y angent = X A (P = R oo, (17)
and as mzﬂ :lthen
x|z 4
N P (18)
Y tangent ; y P

where t; is given by equation (10). Having calculated the intersect location, the
next step is to calculate the trajectory of the reflected beam.

The second law of reflection states that the angle of incidence of a light ray is
equal to the angle of reflection. Referring to Fig. 2, the angle of an incident laser
beam to the x-axis is given by

0, = arctan(lj ..................................................................................... (19)

u

(u, v) being the direction vector of the LADAR beam, as mentioned above, and
the angle of the tangent to the mirror to the x-axis is given by

0, =arctan| —
Y

dx ] ........................................................................... (20)
vl (: 5)
X,y
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which is the arctangent of the gradient intercept, (%, 7). From Fig. 2, it can be

seen that the angle of the normal to the mirror at the intercept point is given by

and using equations (20) , (21) and (22) gives

0, = alrctan(Z —arctan| ﬁ +£ ............................................... (23)
u iz ) 2

The angle of reflection is such that 6, =8, so

{v j dx T
0, = - arctan| — |—arctan| — o (24)
u dy (5.5) 2

The angle of the reflected beam relative to the x-axis is given by

T T (25)

which of course is equivalent to
T PO (26)

e I
and from equations (20), (21), (23) and (26)
+Z e
o)) 2
dx v
0, =2arctan| — —arctan| — [—T ..o (28)
[d (w)] (“J

Ir

Rearranging equation (27) gives

dx T {v j dx
0, =| arctan| — —— |—| arctan| — |—arctan| —
D)z | 2 u dy

Y

Substituting equation (14) into (28) gives

0, =2 arctan(tl )— alrctan(Z j STl e (29)
. u

To obtain reflected LADAR beams parallel to the x-axis, the angle of the

reflected LADAR beam relative to the x-axis is zero for all 8, where

T <0, < 37% that is, 8, is equal to zero. Hence, rearranging equation (29)
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% 1
tan[arctan[— J+ T ] = tan[2 arctan[t— n ........................................... (30)
u 1

it is known that

tan(rt y) = S O e (31)

I—tanxtan y
and

2tanx
5 tan(2x)= ——
an( x) 1—tan” x

so equation (30) can be expressed as

y 1
tan[ arctan[ D +tanT 2 tan[arctan[ D
u

tl
1- tan[arctan[v j]+ tan® |1—tan? [arctan[ ]]
u
1

As tanm =0then

2 tan| arctan l
tan| arctan| — [ |=————————~ 22
e )
1—tan~”| arctan| —
tl

10  which can be simplified to give

N‘)—‘

or
i (36)
1 %

15  substituting t; from equation (10) into equation (36) and setting yo= 0 and

solving for xp gives

the focal point of the parabola.
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Referring once again to the direction vector (u, v) for a LADAR beam emitted by
the LADAR at an angle 6 and having a length equal to one, the values u and v

can be defined as follows

u =coso
e (38)
vy =sin0
5 and substituting equation (38) into equation (10) gives
. 2pcosO \/(2p cos0 )’ —4(psin6 )(y0 cosO —x, sin0) (39)
=

2psin®

Expanding equation (39) and substituting relevant trigonometric identities gives

_ 2pcosB +42p*(cos20 +1)=2py, sin® +2px, (1 - c0s20)

1

40
2psin® (40)

From equation (3), the y-coordinate that the LADAR beam hits the mirror is

10  given by

2pcosd /2 p>(cos 20 +1)—2py, sin® + 2 px, (1 - c0s20)
2psin®

y=2p (41)

or

2pcos /2 p(cos 20 +1)—2py, sin® + 2 px, (1 - c0s20)
y:

....(42
sin O “2)

The focus position of the parabola is (p,0) and so setting yo= 0 gives

15 2pcosB iJ2pcos26(p—x0)+2p(p+x0) 43)
y: P L R L R R R R R R R R T T
sin O

When xp= p then

2pcosf +.,/2 i2 )
y==£ =L (44)

sin@
or
2 0p 0 (45)
sin 9
20 and
X = PHANO e (46)

The derivative of the intercept height with respect to angle is given by

+
L K B (47)
do do | sin®

and
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ﬂ_z d (£cosh -1 (48)
10 pd@ Taplg |

Equation (48) means that for equally spaced 6 the height will not be equally

spaced as the gradient is not independent of6 .

Referring to Fig. 3, a graph is shown which gives the intercept height (y) for a
given LADAR beam angle for an example which has 4000 points equally

spaced around 360° (so between %<e <mn there are 1000) where p =0.5.

Moreover, Fig. 4 shows the difference between the heights given in Fig. 3 for
the same angles. As the graph is significantly curved, it is clear that the
difference in heights is not uniform as the angle of the LADAR beam changes.

As a result of the above calculations, the intercept height y can be determined
for a LADAR beam if p, the distance from the vertex to the focus of the
parabola, is known, the angle of the LADAR beam is known and centre of

reference (Xo, yo) is at the focal point of the parabolic mirror.

As the x and y coordinate of the intercept point on the parabolic mirror can be
calculated, it is possible to correct any distance calculation to take into account
the mirror 14. Referring to Fig. 5, the laser transmission and reception means
12 and the parabolic mirror 14 of Fig. 1 are shown with reference to an x-y
coordinate system having its reference point (xo, yo) at the focal point of the
parabolic mirror 14. A beam 24 is emitted from a laser unit in the laser
transmission and reception means 12 and is reflected from the parabolic mirror
at an intercept point (%, 7) before being reflected back along the same path from
an object (not shown). The time-delay analysis means 20 calculates the time-
delay between the emission of the laser beam 24 and the receipt of reflected
light at the light reception means. The position analysis means 22 can then

calculate a distance d, between the laser unit and the object along the laser
beam path 24. Once the distance d, has been calculated to the object based on

the time delay of the reflected light, the additional distance travelled by the
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LADAR beam due to reflection from the parabolic mirror can be deducted. As

we have the location of the intercept(x, 7), the distance from the reference point

d,, can be calculated as follows

As such, the system can provide a Cartesian coordinate position for an object
reflecting light from a LADAR beam emission using a parabolic mirror.

Referring once again to Fig. 1, objects B and C are not detected by any of
LADAR beam paths P to P15 due to the diverging nature of the beam paths. If
the direction of beam path Pg is, for example, the direction of travel of an
autonomous vehicle, detecting objects B and C are important. Prior art systems
increase the resolution by increasing the sub-divisions of angles at which laser
beams are emitted. This is often enabled by increasing the number of lasers

used in the system.

If a particular direction is of most interest, such as is the case with autonomous
vehicles, then using a mirror can increase the resolution in that direction. As
shown in Fig. 1, the mirror 14 enables the laser beam paths in a direction which
is of less interest, such as behind a vehicle, to be used to increase the
resolution in another direction, which in this case is in the direction of beam path
Ps. Object B is detected by beam paths Cs and C7 and Object C is detected by
beam paths C, and Cs. Furthermore, in the special case of a parabolic mirror,
the resolution does not decrease with distance from the LADAR unit 10.

Although the system above is described in relation to a parabolic mirror, other
concave mirrors can also improve the resolution of the system, although without
the added benefit of direct calculation into the Cartesian coordinate system. In
addition, it can be envisaged that the reflected light rays may even converge

from a mirror to give increased resolution at a particular point.
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Furthermore, although the mirror described herein is referred to as a single
mirror, multiple or arrays of mirrors may be used to provide the same effect. In
addition, it is possible within the scope of the invention to add other optic
elements, such as refractive lenses, to alter the path of light rays. Light rays
could be refracted before they are reflected from the reflection means or, if they
are not intended to be reflected from the reflection means, to converge the light

rays more than they would have been.

The main application envisaged for a LIDAR of this type is in autonomous
vehicles in systems such as collision avoidance systems or terrain selection
systems. For either application, the LIDAR could be mounted at wheel height,
around the position than headlights would normally be placed, in order to detect
such objects as ruts in the road. In this manner an autonomous vehicle can
select not only objects to avoid but the most promising terrain to progress over.
Given that the information that the LIDAR can provide can be used in these
systems for autonomous vehicles, it can also be envisaged that it can be used
in driver assistance systems in vehicles for training or warning drivers to objects

or terrain choices.

Further modifications and improvements may be made without departing from
the scope of the present invention.
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CLAIMS

A Light Detection and Ranging (LIDAR) apparatus comprising:

a light source means enabled to emit a light ray and arranged such that
the light ray is at least partially rotatable about a rotational centre, the light
ray being emitted at a plurality of angular intervals;

reflection means having a focal point, the reflection means positioned
such that the rotational centre of the light ray is substantionally located at the
focal point and between a first angle and a second angle,

reception means for receiving reflected light from one or more features in
the path of the light ray; and

analysis means for calculating a position at which one or more features
are present based on the angle that the light ray was emitted and the time
delay associated with the received reflected light, wherein, when the light ray
is emitted between the first and second angles, the analysis means takes

into account the reflection of the light ray from the reflection means.

A LIDAR as claimed in claim 1, wherein the reflection means is a single

mirror.

A LIDAR as claimed in claim 1, wherein the reflection means is an array

of mirrors.

A LIDAR as claimed in any of claims 1 to 3, wherein the reflection
means characteristics and position are such that the successive emitted
light rays once reflected from the reflection means follow a non-diverging
path.

A LIDAR as claimed in any of claims 1 to 3, wherein the reflection
means is parabolic in shape, enabling the successive emitted light rays,
once reflected from the reflection means, to follow a substantially parallel

path.
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A LIDAR as claimed in any of claims 1 to 5, wherein the position of the
or each feature is calculated using a Cartesian coordinate system having a

reference point at the focal point.

A LIDAR as claimed in claim 6, wherein the analysis means calculates
an intercept point, being the point at which the light ray is reflected from the

reflection means.

A LIDAR as claimed in any of claims 1 to 7, wherein the light source
means is rotatable through 360°.

A LIDAR as claimed in any of claims 1 to 7, wherein the light source

means is rotatable between a first and second position in an arc.

A LIDAR as claimed in any of claims 1 to 7, wherein the light source
means is fixed with respect to the reflection means and the light ray is
rotated between a first and second position in an arc through reflection from
a rotatable light source mirror.

A LIDAR as claimed in any of claims 1 to 10, wherein the light source
means and reception means are co-located at the focal point.

A LIDAR as claimed in any of claims 1 to 10, wherein the light source
means is located at the focal point and the reception means is spaced apart
from the focal point.

A LIDAR as claimed in any of claims 1 to 12, wherein the light source is

at least one laser and the light ray is a laser beam.

A LIDAR as claimed in any of claims 1 to 12, wherein the light source is
a single laser and the light ray is a laser beam.
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15. A LIDAR as claimed in any of claims 1 to 14, further comprising a
refractive means enabled to refract light rays to reduce divergence from the

light source means.

16. A LIDAR as claimed in any of claims 1 to 15, further comprising
directional movement means arranged to pan or tilt the apparatus and
allowing light rays reflected from the reflection means to be aimed in a

particular direction.

17. A method of operating a LIDAR having a light source means comprising
the steps of:

(i) emitting a light ray from the light source means at regular intervals;

(i) rotating the light ray about a rotational centre at a plurality of angular
intervals;

(iif) reflecting the light ray from reflection means having a focal point, the
reflection means positioned such that the rotational centre of the light ray
is substantionally located at the focal point and between a first angle and
a second angle;

(iv)receiving reflected light from one or more features in the path of the light
ray;

(v) calculating a position at which one or more featrues are present based
on the angle that the light ray was emitted and the time delay associated
with the received reflected light, wherein, when the light ray is emitted
between the first and second angles, the analysis means takes into
account the reflection of the light ray from the reflection means.

18. A method as claimed in claim 17, wherein the reflection means is a
single mirror.
19. A method as claimed in claim 17, wherein the reflection means is an

array of mirrors.
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A method as claimed in any of claims 17 to 19, wherein the at least one
mirror is parabolic in shape, enabling the laser beams reflected from the

mirror to be substantially parallel.

A method as claimed in any of claims 17 to 20, wherein step (v)
calculates the position using a Cartesian coordinate system having a

reference point at the focal point.

A method as claimed in any of claims 17 to 21, wherein step (v)
calculates an intercept point, being the point at which the light ray is
reflected from the reflection means.

A method as claimed in any of claims 17 to 22, wherein step (ii) rotates
the light source means through 360°.

A method as claimed in any of claims 17 to 22, wherein step (ii) rotates
the light source means between a first and second position in an arc.

A method as claimed in any of claims 17 to 22, wherein the light source
means is fixed with respect to the reflection means and step (ii) rotates
the light ray between a first and second position in an arc through

reflection from a rotatable light source mirror.

A method as claimed in any of claims 17 to 25, wherein the light source
means and reception means are co-located at the focal point.

A method as claimed in any of claims 17 to 25, wherein the light source
means is located at the focal point and the reception means is spaced
apart from the focal point .

A method as claimed in any of claims 17 to 27, wherein the light source

is at least one laser and the light ray is a laser beam.
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29.

30.

31.

32.

33.

-22.

A method as claimed in any of claims 17 to 27, wherein the light source
is a single laser and the light ray is a laser beam.

A vehicle collision avoidance system comprising a LIDAR according to
any of claims 1 to 16.

A preferred terrain selection system comprising a LIDAR according to
any of claims 1 to 16.

An autonomous vehicle comprising a vehicle collision avoidance system
according to claim 30 and/or a preferred terrain selection system according

to claim 31.

A driver assistance system for a vehicle comprising a vehicle collision
avoidance system according to claim 30 and/or a preferred terrain selection

system according to claim 31.
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