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ABSTRACT OF THE DISCLOSURE

The aerial work platform including a pothole and/or
obstacle avoidance system accofding to the present invention
includes a non-contact distance measuring device mounted to an
end of the aerial work platform chassis. The non-contact

distance measuring device measures a distance to the ground

‘along a predetermined angle, and generates a first signal based

on the measured distance. In response to the output of the
non-contact distance measuring device, a motor controller
and/or brake controller of the aerial work platform control
operation of a motor and/or brakes, respectively, to assist an

operator of the aerial work platform 1n avoiding potholes

and/or obstacles.
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AERIAL WORK PLATFORM WITH POTHOLE AND/OR OBSTACLE DETECTION
AND AVOIDANCE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present 1invention relates to an aerial work platform

with a pothole and/or obstacle detection and avoidance system.

2. Descripti'on of Related Art

Conventional aerial work platforms include a wheeled
chassis with a motor for driving one or more of the wheels and
brakes for bréking the rotation of the wheels. Typically a
motor controller and a brake controller control ﬁhe operation
of the motor and the brakes, respectively, based on operator
input. ’This structure allows an operator to move the aerial

work platform from one location to another even while the

elevating assembly (e.g., a scissors elevation assembly, boom
elevation assembly, etc.) 1s 1in an elevated or non-retracted
position.

Particularly, wﬁen an operator moves the aerial work
platform while 1n an elevated state, potholes or obstacles in
the path of the aerial work platform present a great danger to
an operator who may be guiding the motion of the aerial work
platform from the platform itself. Accordingly, a need exists

to prevent the aerial work platform from encountering potholes

and/or obstacles.
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SUMMARY OF THE INVENTION

The aerial work platform with a pothole and/or obstacle
detection and avoidance system according ’to the present
invention includes a non-contéct distance measuring device
mounted on at least one end of an aerial work platform chassis.

The non-contact distance measuring device measures the
distance Dbetween the chassis and the ground along a
predetermined angle.

In one embodiment, the non-contact distance measuring
device generates a signal if the measured distance is greater
than a base measurement by a first predetermined threshold
wherein the base measurement represents either an empirically
determined distance or the expected distance measurement
between the chassis and ground when the aerial work platform is
travelling over a smooth surface. Alternatively, the non-
contact distance measuring device generates a signal if the
measured distance exceeds a second predetermined threshold

equal to the base measurement plus the first predetermined

threshold.

Generation of the signal indicates the presence of a
pothole, and in response to the signal the motor controller
and/or brake controller stop operation of the motor and apply
the brakes, respectively.

In another embodiment, the non-contact distance measuring
device outputs a signal when the measured distance is less than
the base measurement by a third predetermined threshold.

Alternatively, the signal <can be output if the measured
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distance exceeds a fourth predetermined ,threshold equal to the
base measurement minus the third predetermined threshold. When
the signal 1s output in this embodiment, an obstacle has been
detected. In response to the siénal the motor controller and/or
5 brake controller will stop operation of the motor and apply the
brakes, respectively.
In a further embodiment, both of the above-described
embodiments are combined.
Accordingly, the aerial work platform according to the
10 present invention assists an operator in detecting and avoiding
potholes and obstacles in the path of an aerial work platform.
Other objects, features, and characteristics of the
present 1nvention; methods, operation, and functions of the
related elements of .the structure; combination of parts; and
15 economies of manufacture will become apparent from the
following detailed description of the preferred embodiments and
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate

corresponding parts in the various figures.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustration
only, and thus are not limitative of the present invention, and
25 wherein:

Figs. 1A and 1B illustrate an embodiment of an aerial work
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platform with a pothole/obstacle detection and avoidance system

for an aerial work platform according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1A and 1B 1i1llustrate an embodiment of a

pothole/obstacle detection and avoidance system for an aerial
work platform according to the present invention. Figs. 1A and
1B illustrate a scissors 1lift aerial work platform 200 having a
first MIR system 210 disposed at one end of the chassis 230 for
the aerial work platform 200 and a second MIR system 220
disposed at the other end of the chassis 230. As 1s well-
known, MIR systems emit short-range ultra-wideband pulses, and
detect the reflection of these pulses off of a body. Based on
the reflected pulses, namely, the time delay between
transmission and reception of the pulses, the MIR systems
determine, among other things, the distance to the body.

The first and second MIR systems 210 and 220 are mounted
to the chassis 230 such that their respective antennas (not
shown) emit pulses towards the ground at a predetermined angle.

Because the distance between the first and second MIR systems
210 and 220 and the ground (i.e., the bottom of the wheels) 1is
known and the pulse emission angle 1is predetermined (i.e.,
known), the distance measured by the first and second MIR
systems 210 and 220 when no potholes or obstacles are present
1s also known (ignoring variations 1in terrain). Hereinafter,
this distance measurement will be referred to as the base

measurement. Alternatively, the base measurement 1s
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empirically determined.

The first and second MIR systems 210 and 220 are
calibrated to output a first warning signal when the distance
measured exceeds the base measufement by a first predetermined
distance (e.g., 2 or 3 1inches) or a first predetermined
threshold equal to the base measurement plus the first
predetermined distance. The first warning signal indicates the
presence of a pothole. The first and second MIR systems 210
and 220 are further calibrated to output a second warning
signal when the distance measured 1s less than the base

measurement by a second predetermined distance (e.g., 2 or 3

inches) or a second predetermined threshold equal to the base
measurement minus the second predetermined distance. = The

second warning signal indicates the presence of an obstacle.

The first and second warning signals from the first and
second MIR systems 210 and 220 are supplied to a motor
controller 240 and a brake controller 270. The ~motor

controller 240 controls the operation of a motor 250, which
supplies motive force to the wheels 260 of the aerial work
platform 200, based on user input (not shown). The brake
controller 270 controls the operation of each brake 265
associated with the wheels 260 based on user input (not shown).
When the motor controller 240 receives either the first or
second warning signal, the motor controller 240 halts operation
of the motor 250 to bring the movement of the aerial work
platform 200 to a halt, and activates an i1ndicator light 280 to

warn an operator. When the brake controller 270 receives

N
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either the first or second warning signal, the brake controller
270 actuates the brakes 265 to apply a braking force to the
wheels 260.

The first and second MIﬁ systems 210 and 220, in an
alternative embodiment, are further calibrated to output a
third warning signal when the distance measured exceeds the
base measurement by a third predetermined distance (or a third
predetermined threshold equal to the base measurement plus the
third predetermined distance), greater than the first
predetermined distance, and to output a fourth warning signal
when the distance measured 1s less than the base measurement by
a fourth predetermined distance (or a fourth predetermined
threshold equal to the base measurement minus the fourth
predetermined distance), greater than the second predetermined

distance.

The motor controller 240 and brake controller 270, in this
alternative embodiment, receive the first, second, third and
fourth warning signals from the first and second MIR systems
210 and 220. The motor controller 240 and the brake controller
270 also receive a position signal indicating whethexr the
aerial work platform .is fully retracted or not. A micro switch
245, which is tripped when the aerial work platform 200 is in
the fully retracted state, generates the position signal.

When the position signal indicates that the aerial work
platform 1s not in the retracted state, the motor controller
240 stops operation of the motor 250 and the brake controller

270 actuates the brakes 265 upon receipt of either the first or
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second warning signal. The motor controller 240 also activates
the indicator light 280.

When the position signal indicates that the aerial work
platform 1s in the retracted s.t:ate, the motor controller 240
does not stop operation of the motor 250 and the brake
controller 270 does not actuate the brakes 265 upon receipt of
the first or second warning signal. Instead, the motor
controller 240 stops operation of the motor 250 and the brake
controller 270 actuates the brakes 265 only upon receipt of
either the third or fourth warning signal. Also, the motor
controller 240 only activates the indicator 1light 280 upon
receipt of the third or fourth warning signal.

Instead of the motor controller 240, the brake controller
270 can activate the indicator 1light 280. Additionally, the
motor controller 240 and the brake controller 270 can be
implemented as a single controller.

A still further alternative embodiment has the MIR systems
mounted to the scissors portion of the aerial work platform 200
such that they become direction focused on the ground when the

aerial work platform is raised.

While the pothole/obstacle detection system for aerial
work platforms according to the present 1invention have been
described with respect to a scissors lift aerial work platform,
1t should be understood that the pothole/obstacle detection
system applies to any type of aerial work platform.

Furthermore, instead of using MIR systems to detect the

pothole or obstacle, any device which measures the distance to
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a body or surface without relying on contact such as sonic,
ultra-sonic, infra-red and laser distance measuring devices,
may be used.

While the embodiment of the present invention discussed
above activates an indicator light, in addition or instead of
the indicator light, warning sounds may be issued.

The i1nvention being thus described, it will be obvious
that the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be obvious

to one skilled in the art are intended to be included within

the scope of the invention.
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0.

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An aerial work platform including an avoidance system for avoiding at least one of a
pothole and an obstacle, comprising:

a chassis having wheels and a first and second end;

an elevation assembly mounted on the chassis for lifting a load bearing member;

a motor driving at least one of the wheels;

at least one brake associated with at least one of the wheels for braking rotation of the
wheel;

a first non-contact distance measuring device mounted to the first end which i1s a
forward travel end of the chassis, measuring a first distance to the ground along a
predetermined angle to determine the presence of at least one of a pothole and an obstacle
along the ground prior to its encountering by any wheel of the chassis, the first non-contact

distance measuring device generating a first signal based on the first distance;

a motor controller controlling operation of the motor, and stopping operation of the
motor in response to the first signal; and

a brake controller controlling operation of the brake, and causing the brake to stop

rotation of the associated wheel 1n response to the first signal.

2. The aerial work platform of claim 1, wherein the first non-contact distance measuring

device 1s a micro-impulse radar.

3. The aernal work platform of claim 1, wherein the first non-contact distance measuring

device is a sonic distance measuring device.

4 The aerial work platform of claim 1, wherein the first non-contact distance measuring

device is an ultrasonic distance measuring device.

5. The aerial work platform of claim 1, wherein the first non-contact distance measuring
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device 1s an infra-red distance measuring device.

6. The aenal work platform of claim 1, wherein the first non-contact distance measuring

device 1s a laser distance measuring device.

7. The aerial work platform of any one of claims 1 to 6, wherein the first non-contact
distance measuring device compares the first distance to a predetermined threshold, and

generates the first signal when the first distance 1s less than the predetermined threshold.

8. The aerial work platform of any one of claims 1 to 6, wherein the first non-contact
distance measuring device determines a difference as the first distance minus a base distance,
the base distance representing an expected value of the first distance when the aerial work
platform travels over a substantially smooth surface, and the first non-contact distance
measuring device generates the first signal when the difference is less than a predetermined

threshold.

9. The aenal work platform of any one of claims 1 to 6, wherein the first non-contact
distance measuring device compares the first distance to a predetermined threshold, and

generates the first signal when the first distance 1s greater than the predetermined threshold.

10. The aenal work platform of any one of claims 1 to 6, wherein the first non-contact
distance measuring device determines a difference as the first distance minus a base distance,
the base distance representing an expected value of the first distance when the aerial work
platform travels over a substantially smooth surface, and the first non-contact distance

measuring device generates the first signal when the difference is greater than a predetermined
threshold.

11 The aerial work platform of any one of claims 1 to 6, wherein
the first non-contact distance measuring device generates the first signal when the first

distance 1s less than a first predetermined threshold, and generates a second signal when the
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first distance is greater than a second predetermined threshold, the first predetermined

threshold being less than the second predetermined threshold,

the motor controller stops operation of the motor in response to the first and second
signals; and

the brake controller causes the brake to stop rotation of the wheel in response to the

first and second signals.

12. The aerial work platform of any one of claims 1 to 6, wherein
the first non-contact distance measuring device determines a difference as the first
distance minus a base distance, the base distance representing an expected value of the first

distance when the aerial work platform travels over a substantially smooth surface, and the first

non-contact distance measuring device generates the first signal when the difference is less than

a first predetermined threshold and generates a second signal when the difference 1s greater
than a second predetermined threshold, the first predetermined threshold being less than the

second predetermined threshold,

the motor controller stops operation of the motor in response to the first and second
signals; and

the brake controller causes the brake to stop rotation of the wheel in response to the

first and second signals.

13. The aerial work platform of any one of claims 1 to 6, further comprising:

a retraction sensor detecting when said elevation assembly 1s fully retracted.

14, The aenal work platform of claim 13, wherein

the first non-contact distance measuring device generates the first signal when the first
distance is less than a first predetermined threshold, and generates a second signal when the
first distance is less than a second predetermined threshold which 1s less than the first
predetermined threshold;

the motor controller stops operation of the motor in response to the first and second

signals when the retraction sensor indicates that the elevation assembly is not fully retracted,;
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and
the brake controller causes the brake to stop rotation of the wheel 1n response to the
first and second signals when the retraction sensor indicates that the elevation assembly is not

fully retracted.

15. The aerial work platform of claim 13, wherein

the first non-contact distance measuring device determines a difference as the first
distance minus a base distance, the base distance representing an expected value of the first
distance when the aernal work platform travels over a substantially smooth surface, the first
non-contact distance measuring device generates the first signal when the difference 1s less than
a first predetermined threshold, and generates a second signal when the first distance is less
than a second predetermined threshold, which is less than the first predetermined threshold;

the motor controller stops operation of the motor in response to the first and second
signals when the retraction sensor indicates that the elevation assembly i1s not fully retracted;
and

the brake controller causes the brake to stop rotation of the wheel in response to the
first and second signals when the retraction sensor indicates that the elevation assembly is not

fully retracted.

16. The aernal work platform of claim 13, wherein
the first non-contact distance measuring device generates the first signal when the first

distance 1s greater than a first predetermined threshold, and generates a second signal when the

first distance is greater than a second predetermined threshold which is greater than the first
predetermined threshold;

the motor controller stops operatton of the motor in response to the first and second
signals when the retraction sensor indicates that the elevation assembly is not fully retracted;
and

the brake controller causes the brake to stop rotation of the wheel in response to the
tirst and second signals when the retraction sensor indicates that the elevation assembly is not

fully retracted.
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17. The aerial work platform of claim 13, wherein

the first non-contact distance measuring device determines a difference as the first
distance minus a base distance, the base distance representing an expected value of the first
distance when the aerial work platform travels over a substantially smooth surface, the first
non-contact distance measuring device generates the first signal when the difterence 1s greater
than a first predetermined threshold, and generates a second signal when the first distance 1s
greater than a second predetermined threshold, which is greater than the first predetermined
threshold:

the motor controller stops operation of the motor in response to the first and second
signals when the retraction sensor indicates that the elevation assembly is not fully retracted,;
and

the brake controller causes the brake to stop rotation of the wheel in response to the
first and second signals when the retraction sensor indicates that the elevation assembly 1s not

fully retracted.

18. The aerial work platform of claim 14, wherein

the first non-contact distance measuring device generates a third signal when the first
distance is greater than a third predetermined threshold, and generates a fourth signal when the
first distance 1s greater than a fourth predetermined threshold which 1s greater than the third
predetermined threshold;

the motor controller stops operation of the motor in response to the third and fourth
signals when the retraction sensor indicates that the elevation assembly 1s fully retracted; and

the brake controller causes the brake to stop rotation of the wheel in response to the
third and fourth signals when the retraction sensor indicates that the elevation assembly 1s fully

retracted.

19.  The aerial work platform of claim 15, wherein
the first non-contact distance measuring device generates a third signal when the

difference 1s greater than a third predetermined threshold, and generates a fourth signal when
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the first distance 1s greater than a fourth predetermined threshold, which is greater than the

third predetermined threshold;
the motor controller stops operation of the motor in response to the third and fourth
signals when the retraction sensor indicates that the elevation assembly is fully retracted; and
the brake controller causes the brake to stop rotation of the wheel in response to the
third and fourth signals when the retraction sensor indicates that the elevation assembly is fully

retracted.

20. The aenal work platform of any one of claims 1 to 6, further comprising:

a second non-contact distance measuring device mounted to the second end of the
chassis measuring a second distance to the ground along a predetermined angle when said
second end 1s the forward travel end, and generating a second signal based on the second
distance; and wherein

the motor controller stops operation of the motor in response to the first and second
signals; and

the brake controller causes the brake to stop rotation of the wheel in response to the

first and second signals.

21.  The aenal work platform of any one of claims 1 to 6, further comprising:

an indicator; and wherein

the motor controller drives the indicator in response to the first signal.

22. An aerial work platform including an avoidance system for avoiding at least one of a
pothole and an obstacle, comprising:

a chassis having wheels and a first and second end;

a lift structure mounted on the chassis for lifting a load bearing member;

a motor driving at least one of the wheels;

at least one brake associated with at least one of the wheels for braking rotation of the

wheel;

a first non-contact distance measuring device mounted to the first end which is a



CA 02255111 2004-02-05

-15-

forward travel end of the chassis, measuring a first distance to the ground along a
predetermined angle to determine the presence of at least one of a pothole and an obstacles
along the ground prior to its encountering by any wheel of the chassis, the first non-contact
distance measuring device generating a first signal based on the first distance; and

a brake controller controlling operation of the brake, and causing the brake to stop

rotation of the associated wheel in response to the first signal.

23. An aenal work platform including an avoidance system for avoiding at least one of a
pothole and an obstacle, comprising:

a chassis having wheels and a first and second end;

a lift structure mounted &on the chassis for lifting a load bearing member;

a motor driving at least one of the wheels;

at least one brake associated with at least one of the wheels for braking rotation of the
wheel;

a first non-contact distance measuring device mounted to the first end which is a

forward travel end of the chassis, measuring a first distance to the ground along a
predetermined angle to determine the presence of at least one of a pothole and an obstacles

along the ground prior to its encountering by any wheel of the chassis, the first non-contact
distance measuring device generating a first signal based on the first distance; and
a motor controller controlling operation of the motor, and stopping operation of the

motor 1n response to the first signal.
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