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OMNIDIRECTIONAL AUTOMATIC FORKLIFT

(57) The prevent invention relates to a movement
control method for an omnidirectional automatic forklift
(100), wherein the omnidirectional automatic forklift (100)
comprises a vehicle body (110) and fork arms (120), the
movement control method comprising: S101: controlling
the omnidirectional automatic forklift (100) to travel at a
first preset speed; S102: judging, when an obstacle is
detected, the obstacle and determining an effective ob-
stacle; S103: calculating a distance between the effective

obstacle and the omnidirectional automatic forklift (100),
and determining an obstacle-avoiding deceleration ac-
cording to the distance; S104: controlling the omnidirec-
tional automatic forklift (100) to travel at the obsta-
cle-avoiding deceleration; and S105: judging whether the
obstacle disappears, and returning to step S101 if the
obstacle disappears. With the examples of the present
invention, the omnidirectional safe obstacle avoidance
is realized in an omnidirectional automatic forklift (100).
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Description

TECHNICAL FIELD

[0001] The present invention relates to the intelligent
warehousing field, especially to a movement control
method for an omnidirectional automatic forklift, and an
omnidirectional automatic forklift.

BACKGROUND ART

[0002] In warehousing systems and logistics & trans-
portation links, omnidirectional automatic forklifts have
been more and more used to replace or supplement man-
ual labor. An omnidirectional automatic forklift can auto-
matically receive a goods carrying task, i.e., under the
program control, reaching a first position, obtaining the
goods, then walking to a second position, unloading the
goods and continuing to perform other tasks. When the
omnidirectional automatic forklift moves in the logistics
warehouse, it may usually encounter an obstacle in front
or side front thereof. Then how to formulate an omnidi-
rectional obstacle-avoiding strategy and obstacle-avoid-
ing stop logic for the omnidirectional automatic forklift
has become an urgent problem to be solved in the field
of intelligent warehousing.
[0003] The contents in the Background Art are merely
the technologies known by the inventors, and do not nec-
essarily represent the prior art in the field.

SUMMARY OF THE INVENTION

[0004] In view of the above, the present invention pro-
vides a movement control method for an omnidirectional
automatic forklift, wherein the omnidirectional automatic
forklift comprises a vehicle body and fork arms, the move-
ment control method comprising:

S101: controlling the omnidirectional automatic fork-
lift to travel at a first preset speed;

S102: judging, when an obstacle is detected, the ob-
stacle and determining an effective obstacle;

S103: calculating a distance between the effective
obstacle and the omnidirectional automatic forklift,
and determining an obstacle-avoiding deceleration
according to the distance;

S104: controlling the omnidirectional automatic fork-
lift to travel at the obstacle-avoiding deceleration;
and S105: judging whether the obstacle disappears,
and returning to step S101 if the obstacle disap-
pears.

[0005] According to one aspect of the present inven-
tion, the step S103 comprises:

determining that the obstacle-avoiding deceleration
is an emergency stop deceleration when the dis-
tance is less than an emergency obstacle-avoiding
distance;

determining that the obstacle-avoiding deceleration
is a short-range obstacle-avoiding deceleration
when the distance is greater than the emergency
obstacle-avoiding distance and less than a short-
range obstacle-avoiding distance;

determining that the obstacle-avoiding deceleration
is a long-range obstacle-avoiding deceleration when
the distance is greater than the short-range obstacle-
avoiding distance.

[0006] According to one aspect of the present inven-
tion, the step S102 comprises:

determining an obstacle-avoiding zone for the om-
nidirectional automatic forklift under different work-
ing conditions;

determining the obstacle in the obstacle-avoiding
zone;

calculating a distance between the obstacle in the
obstacle-avoiding zone and a center of the vehicle
body;

selecting an obstacle closest to the center of the ve-
hicle body as an effective obstacle.

[0007] According to an aspect of the present invention,
the determining the obstacle in the obstacle-avoiding
zone in the step S102 comprises:

calculating coordinate values of the obstacle by tak-
ing the center of the vehicle body as a coordinate
origin;

calculating an equation of a straight line constituting
each side of the obstacle-avoiding zone;

judging whether the obstacle is on an inner side of
the straight line;

judging that the obstacle is in the obstacle-avoiding
zone if the obstacle is on the inner side of the straight
line.

[0008] According to one aspect of the present inven-
tion, the obstacle-avoiding zone includes a straight travel
obstacle-avoiding zone when the omnidirectional auto-
matic forklift is travelling straight, a lateral movement ob-
stacle-avoiding zone when the omnidirectional automatic
forklift is moving laterally, and a rotation obstacle-avoid-
ing zone when the omnidirectional automatic forklift is
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rotating.
[0009] According to one aspect of the present inven-
tion, it further comprises: controlling the fork arms to
move to perform a goods picking or placing task; and the
omnidirectional automatic forklift further comprises a tray
placed on the fork arms for carrying goods.
[0010] According to one aspect of the prevent inven-
tion, the controlling the fork arms to move to perform a
goods picking or placing task comprises:

controlling the fork arms to rise or decend at a second
preset speed;

controlling the fork arms to suspend rising or decend-
ing when it is detected that there is an obstacle below
the fork arms;

judging whether the obstacle below the fork arms
disappears, and controlling the fork arms to rise or
decend at a second preset speed if the obstacle dis-
appears; and controlling the fork arms to stay still
and cancelling the goods picking or placing task this
time if the obstacle does not disappear after a preset
time.

[0011] According to one aspect of the present inven-
tion, the controlling the fork arms to move to perform a
goods picking or placing task comprises:

controlling the fork arms to rise or decend at a second
preset speed;

cancelling the goods picking or placing task this time,
and controlling the fork arms to move downward or
upward by a preset distance when the fork arms sus-
pend rising or decending and no obstacle below the
fork arms is detected.

[0012] According to one aspect of the present inven-
tion, the controlling the fork arms to move to perform a
goods picking or placing task comprises:

controlling the fork arms to rise or decend at a second
preset speed;

judging whether the obstacle disappears after a pre-
set time when the fork arms suspend rising or de-
cending and no obstacle below the fork arms is de-
tected;

controlling the fork arms to rise or decend at a second
preset speed if the obstacle disappears;

controlling the fork arms to stay still, and cancelling
the goods picking or placing task this time if the ob-
stacle does not disappear.

[0013] The present invention also relates to an omni-

directional automatic forklift, comprising:

a vehicle body;

a chassis connected with the vehicle body and con-
figured to drive the omnidirectional automatic forklift
to move under different working conditions;

fork arms connected with the vehicle body and con-
figured to move upward and downward in a vertical
direction;

a tray placed on the fork arms for carrying goods;

a controller communicating with the omnidirectional
automatic forklift and configured to implement any
one of the movement control methods as described
above on the omnidirectional automatic forklift.

[0014] According to one aspect of the present inven-
tion, it further comprises lidars and 3D cameras, both
mounted on the vehicle body and configured to detect
an obstacle.
[0015] According to one aspect of the present inven-
tion, it comprises two of the fork arms, two of the lidars
and five of the 3D cameras, wherein two of the lidars are
respectively mounted on both left and right sides of a
head portion of the vehicle body, and five of the 3D cam-
eras are respectively mounted on an upper side of a front
portion of the vehicle body, an upper side of a rear portion
of the vehicle body, a lower side of one of the fork arms
and ends of two of the fork arms.
[0016] According to one aspect of the present inven-
tion, the controller is configured to determine an obstacle-
avoiding zone for the omnidirectional automatic forklift
under different working conditions according to a detec-
tion zone of the lidars and the 3D cameras, wherein the
obstacle-avoiding zone includes a straight travel obsta-
cle-avoiding zone when the omnidirectional automatic
forklift is travelling straight, a lateral movement obstacle-
avoiding zone when the omnidirectional automatic forklift
is moving laterally, and a rotation obstacle-avoiding zone
when the omnidirectional automatic forklift is rotating.
[0017] According to one aspect of the present inven-
tion, the controller is configured to switch combinations
of the lidars and the 3D cameras and types of the obsta-
cle-avoiding zones under different working conditions of
the omnidirectional automatic forklift so as to perform
movement control of the omnidirectional automatic fork-
lift.
[0018] According to one aspect of the present inven-
tion, it further comprises a storage unit coupled with the
controller and configured to store the movement control
method implemented by the controller.
[0019] The present invention provides a movement
control method for an omnidirectional automatic forklift,
and an omnidirectional automatic forklift, and realizes the
omnidirectional safe obstacle avoidance of the omnidi-
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rectional automatic forklift by configuring the sensors of
the omnidirectional automatic forklift and integrating the
sensor data with the obstacle-avoiding stop logic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The drawings that constitute part of the speci-
fication are provided for the purpose of further under-
standing the present invention, and the exemplary em-
bodiments of the present invention and description there-
of are provided to explain the present invention but do
not make any inappropriate limitation of the same. In the
drawings:

FIG. 1 is a flowchart of a movement control method
for an omnidirectional automatic forklift according to
one example of the present invention;

FIGS. 2A and 2B are schematic diagrams illustrating
a detection zone of a 3D camera mounted on an
upper side of a front portion of a vehicle body ac-
cording to one example of the present invention;

FIGS. 3A and 3B are schematic diagrams illustrating
a detection zone of a 3D camera mounted on an
upper side of a rear portion of a vehicle body accord-
ing to one example of the present invention;

FIG. 4 is a schematic diagram illustrating detection
zones of 3D cameras mounted on ends of the fork
arms according to one example of the present inven-
tion;

FIG. 5A is a schematic diagram after the fork arms
rise according to one example of the present inven-
tion;

FIG. 5B is a schematic diagram illustrating a detec-
tion zone of a 3D camera mounted on a lower side
of the fork arms according to one example of the
present invention;

FIG. 6 is a flowchart for determining an obstacle in
the obstacle-avoiding zone according to one exam-
ple of the present invention;

FIG. 7 is a schematic diagram illustrating a straight
travel obstacle-avoiding zone according to one ex-
ample of the present invention;

FIG. 8 is a schematic diagram illustrating a lateral
movement obstacle-avoiding zone according to one
example of the present invention;

FIG. 9 is a schematic diagram illustrating a rotation
obstacle-avoiding zone according to one example of
the present invention;

FIG. 10 is a flowchart showing that the fork arms
perform a goods picking or placing task according
to one example of the present invention;

FIG. 11 is a flowchart showing that the fork arms
perform a goods picking or placing task according
to one example of the present invention;

FIG. 12 is a flowchart showing that the fork arms
perform a goods picking or placing task according
to one example of the present invention; and

FIGS. 13A, 13B and 13C respectively show a sche-
matic diagram of a chassis according to one example
of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS 
OF THE INVENTION

[0021] Certain exemplary examples will be described
below only in a brief manner. Just as those skilled in the
art will recognize, changes in various ways to the exam-
ples described herein can be carried out without depart-
ing from the spirit or scope of the present invention.
Therefore, the drawings and the following description are
deemed essentially exemplary, instead of limitative.
[0022] In the description of the present invention, it
needs to be understood that the orientation or position
relations denoted by such terms as "central" "longitudi-
nal" "latitudinal" "length" "width" "thickness" "above" "be-
low" "front" "rear" "left" "right" "vertical" "horizontal" "top"
"bottom" "inside" "outside" "clockwise" "counterclock-
wise" and the like are based on the orientation or position
as shown in the accompanying drawings, and are used
only for the purpose of facilitating description of the
present invention and simplification of the description,
instead of indicating or suggesting that the denoted de-
vices or elements must be oriented specifically, or con-
figured or operated in some specific orientation. Thus,
such terms should not be construed to limit the present
invention. In addition, such terms as "first" and "second"
are only used for the purpose of description, rather than
indicating or suggesting relative importance or implicitly
indicating the number of the designated technical fea-
tures. Accordingly, features defined with "first" or "sec-
ond" may, expressly or implicitly, include one or more of
such features. In the description of the present invention,
"plurality" means two or above, unless otherwise defined
explicitly and specifically.
[0023] In the description of the present invention, it
needs to be noted that, unless otherwise specified and
defined explicitly, such terms as "mount" "link" and "con-
nect" should be understood as generic terms. For exam-
ple, connection may refer to fixed connection, dismount-
able connection, or integrated connection; also to me-
chanical connection, electrical connection or intercom-
munication; further to direct connection, or connection
by an intermediary medium; or even to internal commu-
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nication between two elements or interaction between
two elements. For those skilled in the art, they can con-
strue the specific meaning of such terms herein in light
of the specific circumstances.
[0024] Herein, unless otherwise specified and defined
explicitly, if a first feature is "above" or "below" a second
one, this may cover the direct contact between the first
and second features, also cover the contact via another
feature therebetween, instead of the direct contact. Fur-
thermore, if a first feature "above", "over" or "on the top
of’ a second one, this may cover the case that the first
feature is right above or on the inclined top of the second
feature, or just indicate that the first feature has a hori-
zontal height higher than that of the second feature. If a
first feature is "below", "under" or "on the bottom of’ a
second feature, this may cover the case that the first fea-
ture is right below and on the inclined bottom of the sec-
ond feature, or just indicates that the first feature has a
horizontal height lower than that of the second feature.
[0025] The disclosure below provides many different
embodiments and instances so as to achieve different
structures described herein. In order to simplify the dis-
closure herein, the following will give the description of
the parts and arrangements embodied in specific instanc-
es. Surely, they are just for the exemplary purpose, not
intended to limit the present invention. Besides, the
present invention may repeat a reference number and/or
reference letter in different instances, and such repeat is
for the purpose of simplification and clarity, which does
not represent any relation among various embodiments
and/or arrangements as discussed. In addition, the
present invention provides instances of various specific
techniques and materials, but those skilled in the art can
also be aware of application of other techniques and/or
use of other materials.
[0026] The preferred examples of the present inven-
tion will be introduced below referring to the drawings. It
should be appreciated that the preferred examples de-
scribed herein are only for the purpose of illustrating and
explaining, instead of restricting, the present invention.
[0027] FIG. 1 is a flowchart of a movement control
method for an omnidirectional automatic forklift accord-
ing to one example of the present invention. Among them,
the omnidirectional automatic forklift 100 comprises a ve-
hicle body 110 and fork arms 120. As shown in FIG. 1,
the movement control method comprises the following
steps.
[0028] In step S101, controlling the omnidirectional au-
tomatic forklift 100 to travel at a first preset speed. Among
them, the omnidirectional automatic forklift 100 alterna-
tively comprises four differential wheels, which can real-
ize omnidirectional movement, including advance, re-
treat, left lateral movement, right lateral movement, ro-
tation and curve movement.
[0029] In step S102, judging, when an obstacle is de-
tected, the obstacle and determining an effective obsta-
cle. Alternatively, lidars and 3D cameras are mounted on
the vehicle body 110 of the omnidirectional automatic

forklift 100 to detect obstacles during its travelling. The
lidars are alternatively installed on both left and right sides
of a head portion of the vehicle body 110 of the omnidi-
rectional automatic forklift 100, and the scanning range
of the lidars is between 6 135°. One or more obstacles,
when detected, are judged and then an effective obstacle
is determined.
[0030] According to one example of the present inven-
tion, two lidars 136, 137 and five 3D cameras (131, 132,
133, 134, 135) are mounted on the vehicle body 110 of
the omnidirectional automatic forklift 100, of which the
five 3D cameras (131, 132, 133, 134, 135) are mounted
on a front upper side of the vehicle body, a rear upper
side of the vehicle body, ends of the fork arms and a
lower side of the fork arms respectively. FIGS. 2A and
2B are schematic diagrams illustrating a detection zone
of a 3D camera mounted on an upper side of a front
portion of a vehicle body according to one example of
the present invention. As shown in FIGS. 2A and 2B, the
3D camera 131 mounted on the upper side of the front
portion of the vehicle body 110 is used to detect three-
dimensional obstacles in a front zone of the vehicle body.
FIGS. 3A and 3B are schematic diagrams illustrating a
detection zone of a 3D camera mounted on an upper
side of a rear portion of a vehicle body according to one
example of the present invention. As shown in FIGS. 3A
and 3B, the 3D camera 132 mounted on the upper side
of the rear portion of the vehicle body 110 is used to
detect three-dimensional obstacles in a rear zone of the
vehicle body. FIG. 4 is a schematic diagram illustrating
detection zones of 3D cameras mounted on ends of the
fork arms according to one example of the present in-
vention. As shown in FIG. 4, 3D cameras 133 and 134
mounted on the ends of the fork arms are used to detect
obstacles in an end zone of the fork arms, wherein the
shadow zones as shown are detection zones. FIGS. 5A
and 5B respectively show a schematic diagram after the
fork arms rise according to one example of the present
invention and a schematic diagram illustrating a detection
zone of a 3D camera mounted on a lower side of the fork
arms. As shown in FIGS. 5A and 5B, the 3D camera 135
mounted on the lower side of the fork arms is used to
detect obstacles below the fork arms when the fork arms
120 rise, wherein the shadow zone as shown in FIG. 5B
is a detection zone.
[0031] In step S103, calculating a distance between
the effective obstacle and the omnidirectional automatic
forklift, and determining an obstacle-avoiding decelera-
tion according to the distance. Alternatively, the obstacle-
avoiding deceleration is determined based on the first
preset speed (i.e., an initial speed), a target speed (i.e.,
a final speed having the value of 0) and a distance be-
tween the effective obstacle and the omnidirectional au-
tomatic forklift.
[0032] In step S104, controlling the omnidirectional au-
tomatic forklift 100 to travel at the obstacle-avoiding de-
celeration.
[0033] In step S105, judging whether the obstacle dis-
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appears, and returning to step S101 if the obstacle dis-
appears. In the process of the omnidirectional automatic
forklift 100 traveling at the obstacle-avoiding decelera-
tion, it constantly detects the obstacles around the om-
nidirectional automatic forklift 100 and judges whether
the obstacles disappear. If the obstacles have disap-
peared, the omnidirectional automatic forklift 100 is con-
trolled to continue to travel at the first preset speed.
[0034] According to one example of the present inven-
tion, an emergency obstacle-avoiding distance, a short-
range obstacle-avoiding distance and a long-range ob-
stacle-avoiding distance are respectively set for the om-
nidirectional automatic forklift 100, wherein the emergen-
cy obstacle-avoiding distance, short-range obstacle-
avoiding distance and long-range obstacle-avoiding dis-
tance increases successively, then the step S103 com-
prising:

determining that the obstacle-avoiding deceleration
is an emergency stop deceleration when the dis-
tance is less than an emergency obstacle-avoiding
distance;

determining that the obstacle-avoiding deceleration
is a short-range obstacle-avoiding deceleration
when the distance is greater than the emergency
obstacle-avoiding distance and less than a short-
range obstacle-avoiding distance;

determining that the obstacle-avoiding deceleration
is a long-range obstacle-avoiding deceleration when
the distance is greater than the short-range obstacle-
avoiding distance.

[0035] According to one example of the present inven-
tion, the step S102 comprises:

determining an obstacle-avoiding zone for the om-
nidirectional automatic forklift 100 under different
working conditions. Alternatively, when the omnidi-
rectional automatic forklift 100 travels under different
working conditions, the obstacle-avoiding zone cor-
responds to a zone covered around the omnidirec-
tional automatic forklift 100 under different working
conditions.

determining the obstacle in the obstacle-avoiding
zone. The obstacle, for example one or more, in the
obstacle-avoiding zone is detected as an obstacle
as long as it falls in the obstacle-avoiding zone.

calculating a distance between the obstacle in the
obstacle-avoiding zone and a center O of the vehicle
body 110.

selecting an obstacle closest to the center O of the
vehicle body 110 as an effective obstacle. All the
obstacles, including those in the detection zones of

the lidars 136 and 137 and those in the detection
zones of the 3D cameras (131, 132, 133, 134 and
135), are sorted according to the distances between
such obstacles and the center O of the vehicle body,
and an obstacle closest to the center O of the vehicle
body 110 is selected as the effective obstacle.

[0036] FIG. 6 is a flowchart for determining an obstacle
in the obstacle-avoiding zone according to one example
of the present invention. As shown in FIG. 6, determining
the obstacle in the obstacle-avoiding zone in the step
S102 comprises:
[0037] In step S1021, calculating coordinate values of
the obstacle by taking the center O of the vehicle body
110 as a coordinate origin. Alternatively, a coordinate
system is established with the center O of the vehicle
body 110 as the coordinate origin, the obstacle is regard-
ed as a point, and the coordinate values of the obstacle
are calculated according to the coordinate system.
[0038] In step S1022, calculating an equation of a
straight line constituting each side of the obstacle-avoid-
ing zone. The obstacle-avoiding zone is represented by
a polygon composed of a plurality of sides, and equations
of straight lines composed of a starting point and an end-
ing point of various sides are respectively calculated by
traversing various sides constituting the polygon.
[0039] In step S1023, judging whether the obstacle is
on an inner side of the straight line. That is, it is judged
whether the obstacle falls in the interior of the polygon
according to the coordinates of the obstacle.
[0040] In step S1024, judging that the obstacle is in
the obstacle-avoiding zone if the obstacle is on the inner
side of the straight line. Alternatively, if the obstacle is
not on the inner side of the straight line, it is judged that
the obstacle is not in the obstacle-avoiding zone, and the
process returns to step S1022.
[0041] FIGS. 7, 8 and 9 respectively show schematic
diagrams illustrating a straight travel obstacle-avoiding
zone, a lateral movement obstacle-avoiding zone and a
rotation obstacle-avoiding zone according to one exam-
ple of the present invention. According to one example
of the present invention, the omnidirectional automatic
forklift further comprises a chassis (see FIGS. 13A, 13B
and 13C) connected with the vehicle body 110 and alter-
natively comprising four differential wheels, or two differ-
ential wheels and one steering wheel, or two differential
wheels and two steering wheels. The chassis is config-
ured to drive the omnidirectional automatic forklift 100 to
move under different working conditions, so as to realize
the advance and retreat, left and right lateral movement,
rotation or curve movement of the vehicle body 110. As
shown in FIG. 7, when the omnidirectional automatic fork-
lift is traveling straight, the shadow zone around the same
is a straight travel obstacle-avoiding zone corresponding
to the working conditions under which the omnidirectional
automatic forklift 100 is moving forward and backward.
As shown in FIG. 8, two of the lidars 136 and 137 are
mounted on both left and right sides of the head portion
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of the vehicle body 110, and when the omnidirectional
automatic forklift 100 is moving laterally, the shadow
zone around the same is a lateral movement obstacle-
avoiding zone corresponding to the working conditions
under which the omnidirectional automatic forklift 100 is
moving laterally to the left and right. As shown in FIG. 9,
when the omnidirectional automatic forklift 100 is rotat-
ing, the shadow zone around the same is a rotation ob-
stacle-avoiding zone corresponding to the working con-
ditions under which the omnidirectional automatic forklift
100 is rotating and moving along a curve.
[0042] According to one example of the present inven-
tion, the movement control method further comprises:
controlling the fork arms to move to perform a goods pick-
ing or placing task. The omnidirectional automatic forklift
also includes a tray placed on the fork arms for carrying
goods.
[0043] FIG. 10 is a flowchart showing that the fork arms
perform a goods picking or placing task according to one
example of the present invention. As shown in FIG. 10,
the process 200 of controlling the fork arms to move to
perform a goods picking or placing task comprises the
following steps:
[0044] In step S201, controlling the fork arms 120 to
rise or decend at a second preset speed.
[0045] In step S202, controlling the fork arms 120 to
suspend rising or decending when it is detected that there
is an obstacle below the fork arms.
[0046] In step S203, judging whether the obstacle be-
low the fork arms disappears, and controlling the fork
arms 120 to rise or decend at a second preset speed if
the obstacle disappears; and controlling the fork arms
120 to stay still and cancelling the goods picking or plac-
ing task this time if the obstacle does not disappear after
a preset time.
[0047] FIG. 11 is a flowchart showing that the fork arms
performs a goods picking or placing task according to
one example of the present invention. As shown in FIG.
11, the process 300 of controlling the fork arms to move
to perform a goods picking or placing task comprises the
following steps:
[0048] In step S301, controlling the fork arms 120 to
rise or decend at a second preset speed.
[0049] In step S302: triggering anti-pinch protection,
cancelling the goods picking or placing task this time and
controlling the fork arms 120 to move downward or up-
ward by a preset distance when the fork arms 120 sus-
pend rising or decendinging and no obstacle below the
fork arms is detected.
[0050] FIG. 12 is a flowchart showing that the fork arms
perform a goods picking or placing task according to one
example of the present invention. As shown in FIG. 12,
the process 400 of controlling the fork arms to move to
perform a goods picking or placing task comprises the
following steps:
[0051] In step S401, controlling the fork arms 120 to
rise or decend at a second preset speed.
[0052] In step S402, triggering anti-pinch protection

and judging whether the obstacle disappears after a pre-
set time when the fork arms 120 suspend rising or de-
cending and no obstacle below the fork arms is detected.
[0053] In step S403, controlling the fork arms 120 to
rise or decend at a second preset speed if the obstacle
disappears.
[0054] In step S404, controlling the fork arms 120 to
stay still and cancelling the goods picking or placing task
this time if the obstacle does not disappear.
[0055] The present invention also relates to an omni-
directional automatic forklift, comprising: a vehicle body
110, a chassis (see FIGS. 13A, 13B and 13C), fork arms
120, a tray and a controller (not shown). Among them,
the chassis is connected with the vehicle body 110 and
configured to drive the omnidirectional automatic forklift
100 under different working conditions. FIGS. 13A, 13B
and 13C respectively show a schematic diagram of a
chassis according to one example of the present inven-
tion. As shown in FIG. 13A, the chassis 10 alternatively
comprises four differential wheels (a differential wheel
group) 11, or as shown in FIG. 13B, the chassis 10 al-
ternatively comprises two differential wheels 11 and one
steering wheel 12, or as shown in FIG. 13C, the chassis
10 alternatively comprises two differential wheels 11 and
two steering wheels 12. The chassis 10 as arranged
above can allow the vehicle body 110 to achieve omni-
directional movement, including advance, retreat, left lat-
eral movement, right lateral movement, rotation around
the center O of the vehicle body and curve movement.
The fork arms 120 are connected with the vehicle body
110 and configured to move upward and downward in a
vertical direction. The tray is placed on the fork arms 120
for carrying goods. The controller communicates with the
omnidirectional automatic forklift 100 and is configured
to perform the aforesaid movement control methods 100,
200, 300 and 400 on the omnidirectional automatic forklift
100.
[0056] According to one example of the present inven-
tion, the omnidirectional automatic forklift 100 further
comprises lidars and 3D cameras, both of which are
mounted on the vehicle body 110 and configured to de-
tect obstacles.
[0057] According to one example of the present inven-
tion, the omnidirectional automatic forklift comprises two
fork arms 120, two lidars 136, 137 and five 3D cameras
(131, 132, 133, 134, 135). Among them, two lidars 136
and 137 are respectively mounted on both left and right
sides of a head portion of the vehicle body 110, and five
3D cameras (131, 132, 133, 134 and 135) are respec-
tively mounted on an upper side of a front portion of the
vehicle body 110, an upper side of a rear portion of the
vehicle body 110, a lower side of one of the fork arms
120 and ends of two of the fork arms 120. Specifically,
referring to FIG. 2A, FIG. 2B, FIG. 3A, FIG. 3B, FIG. 4,
FIG. 5A and FIG. 5B, the aforesaid drawings respectively
show the positions where two laser radars 136 and 137
and five 3D cameras (131, 132, 133, 134 and 135) are
mounted in the vehicle body 110, as well as the detection
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ranges covered by them, and no more description will be
made here.
[0058] According to one example of the present inven-
tion, the controller in the omnidirectional automatic forklift
100 is configured to determine an obstacle-avoiding zone
for the omnidirectional automatic forklift 100 under differ-
ent working conditions according to the detection zones
of the lidars and the 3D cameras. Among them, the ob-
stacle-avoiding zone includes a straight travel obstacle-
avoiding zone when the omnidirectional automatic forklift
100 is travelling straight, a lateral movement obstacle-
avoiding zone when the omnidirectional automatic forklift
100 is moving laterally and a rotation obstacle-avoiding
zone when the omnidirectional automatic forklift 100 is
rotating. The straight travel obstacle-avoiding zone, the
lateral movement obstacle-avoiding zone and the rota-
tion obstacle-avoiding zone are shown by the shadows
in FIG. 6, FIG. 7 and FIG. 8 respectively, and no more
description will be made here.
[0059] According to one example of the present inven-
tion, the controller of the omnidirectional automatic forklift
100 is configured to switch combinations of the lidars
136, 137 and the 3D cameras (131, 132, 133, 134, 135)
and types of the obstacle-avoiding zones under different
working conditions of the omnidirectional automatic fork-
lift 100 so as to perform movement control of the omni-
directional automatic forklift 100.
[0060] According to one example of the present inven-
tion, the omnidirectional automatic forklift 100 further
comprises a storage unit (not shown) coupled with the
controller and configured to store the movement control
methods 100, 200, 300 and 400 implemented by the con-
troller.
[0061] The present invention provides a movement
control method for an omnidirectional automatic forklift,
and an omnidirectional automatic forklift, equips sensors
such as lidars and 3D cameras for the omnidirectional
automatic forklift, and integrates detection data of the
sensors with the obstacle-avoiding stop logic, achieving
the omnidirectional safe obstacle avoidance of the om-
nidirectional automatic forklift.
[0062] The contents described above are merely better
examples of the present invention, and are not used to
limit the present invention. Any modification, equivalent
replacement, or improvement, if only falling into the spirit
and principles as stated herein, should be included in the
protection scope of the present invention.
[0063] Last but not least, it should be noted that the
contents described above are just preferred examples of
the present invention, and are not used to limit the present
invention. Although the detailed description of the
present invention has been provided with reference to
the foregoing examples, those skilled in the art may still
make modifications to the technical solution as recited in
each of the foregoing examples, or conduct equivalent
replacement of some technical features therein. Any
modification, equivalent replacement, or improvement, if
only falling into the spirit and principles as stated herein,

should be included in the protection scope of the present
invention.

Claims

1. A movement control method for an omnidirectional
automatic forklift, wherein the omnidirectional auto-
matic forklift comprises a vehicle body and fork arms,
characterized in that the movement control method
comprises:

S101: controlling the omnidirectional automatic
forklift to travel at a first preset speed;
S102: judging, when an obstacle is detected,
the obstacle and determining an effective obsta-
cle;
S103: calculating a distance between the effec-
tive obstacle and the omnidirectional automatic
forklift, and determining an obstacle-avoiding
deceleration according to the distance;
S104: controlling the omnidirectional automatic
forklift to travel at the obstacle-avoiding decel-
eration; and
S105: judging whether the obstacle disappears,
and returning to step S101 if the obstacle dis-
appears.

2. The movement control method according to claim 1,
characterized in that the step S103 comprises:

determining that the obstacle-avoiding deceler-
ation is an emergency stop deceleration when
the distance is less than an emergency obstacle-
avoiding distance;
determining that the obstacle-avoiding deceler-
ation is a short-range obstacle-avoiding decel-
eration when the distance is greater than the
emergency obstacle-avoiding distance and less
than a short-range obstacle-avoiding distance;
determining that the obstacle-avoiding deceler-
ation is a long-range obstacle-avoiding deceler-
ation when the distance is greater than the short-
range obstacle-avoiding distance.

3. The movement control method according to claim 1
or 2, characterized in that the step S102 comprises:

determining an obstacle-avoiding zone for the
omnidirectional automatic forklift under different
working conditions;
determining obstacles in the obstacle-avoiding
zone;
calculating a distance between the obstacles in
the obstacle-avoiding zone and a center of the
vehicle body;
selecting an obstacle closest to the center of the
vehicle body as the effective obstacle.
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4. The movement control method according to claim 3,
characterized in that the determining the obstacle
in the obstacle-avoiding zone in the step S102 com-
prises:

calculating coordinate values of the obstacle by
taking the center of the vehicle body as a coor-
dinate origin;
calculating an equation of a straight line consti-
tuting each side of the obstacle-avoiding zone;
judging whether the obstacle is on an inner side
of the straight line;
determining that the obstacle is in the obstacle-
avoiding zone if the obstacle is on the inner side
of the straight line.

5. The movement control method according to claim 3,
characterized in that the obstacle-avoiding zone
includes a straight travel obstacle-avoiding zone
when the omnidirectional automatic forklift is travel-
ling straight, a lateral movement obstacle-avoiding
zone when the omnidirectional automatic forklift is
moving laterally, and a rotation obstacle-avoiding
zone when the omnidirectional automatic forklift is
rotating.

6. The movement control method according to claim 1,
further comprising: controlling the fork arms to move
to perform a goods picking or placing task; and the
omnidirectional automatic forklift further comprises
a tray placed on the fork arms for carrying goods.

7. The movement control method according to claim 6,
characterized in that the controlling the fork arms
to move to perform a goods picking or placing task
comprises:

controlling the fork arms to rise or decend at a
second preset speed;
controlling the fork arms to suspend rising or de-
cending when it is detected that there is an ob-
stacle below the fork arms;
judging whether the obstacle below the fork
arms disappears, and controlling the fork arms
to rise or decend at a second preset speed if the
obstacle disappears; and controlling the fork
arms to stay still and cancelling the goods pick-
ing or placing task this time if the obstacle does
not disappear after a preset time.

8. The movement control method according to claim 6,
characterized in that the controlling the fork arms
to move to perform a goods picking or placing task
comprises:

controlling the fork arms to rise or decend at a
second preset speed;
cancelling the goods picking or placing task this

time, and controlling the fork arms to move
downward or upward by a preset distance when
the fork arms suspend rising or decending and
no obstacle below the fork arms is detected.

9. The movement control method according to claim 6,
characterized in that the controlling the fork arms
to move to perform a goods picking or placing task
comprises:

controlling the fork arms to rise or decend at a
second preset speed;
judging whether the obstacle disappears after a
preset time when the fork arms suspend rising
or decending and no obstacle below the fork
arms is detected;
controlling the fork arms to rise or decend at a
second preset speed if the obstacle disappears;
controlling the fork arms to stay still, and can-
celling the goods picking or placing task this time
if the obstacle does not disappear.

10. An omnidirectional automatic forklift (100), compris-
ing:

a vehicle body (110);
a chassis (10) connected with the vehicle body
(110) and configured to drive the omnidirectional
automatic forklift (100) to move under different
working conditions;
fork arms (120) connected with the vehicle body
(110) and configured to move upward and down-
ward in a vertical direction;
a tray placed on the fork arms (120) for carrying
goods;
a controller communicating with the omnidirec-
tional automatic forklift (100) and configured to
implement on the omnidirectional automatic
forklift (100) the movement control method ac-
cording to any one of claims 1 to 9.

11. The omnidirectional automatic forklift (100) accord-
ing to claim 10, further comprising lidars and 3D cam-
eras, both of which are mounted on the vehicle body
(110) and configured to detect an obstacle.

12. The omnidirectional automatic forklift (100) accord-
ing to claim 11, further comprising two fork arms
(120), two lidars (136,137) and five 3D cameras
(131,132,133,134,135), wherein the two lidars
(136,137) are respectively mounted on both left and
right sides of a head portion of the vehicle body (110),
and the five 3D cameras (131,132,133,134,135) are
respectively mounted on an upper side of a front por-
tion of the vehicle body (110), an upper side of a rear
portion of the vehicle body (110), a lower side of one
of the fork arms (120) and ends of two of the fork
arms (120).
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13. The omnidirectional automatic forklift (100) accord-
ing to claim 11, characterized in that the controller
is configured to determine an obstacle-avoiding
zone for the omnidirectional automatic forklift (100)
under different working conditions according to a de-
tection zone of the lidars (136,137) and the 3D cam-
eras (131,132,133,134,135), and wherein the obsta-
cle-avoiding zone includes a straight travel obstacle-
avoiding zone when the omnidirectional automatic
forklift (100) is travelling straight, a lateral movement
obstacle-avoiding zone when the omnidirectional
automatic forklift (100) is moving laterally, and a ro-
tation obstacle-avoiding zone when the omnidirec-
tional automatic forklift (100) is rotating.

14. The omnidirectional automatic forklift (100) accord-
ing to claim 13, characterized in that the controller
is configured to switch combinations of the lidars
(136,137) and the 3D cameras
(131,132,133,134,135) and types of the obstacle-
avoiding zones under different working conditions of
the omnidirectional automatic forklift (100) so as to
perform movement control of the omnidirectional au-
tomatic forklift (100).

15. The omnidirectional automatic forklift (100) accord-
ing to any one of claims 10 to 14, further comprising
a storage unit coupled with the controller and con-
figured to store the movement control method imple-
mented by the controller.
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