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(57) The present disclosure provides an adaptive
control method applicable to an excavator. The adaptive
control method includes: acquiring detection parameters
of the excavator, the detection parameters comprising a
displacement of an electric control handle of the excava-
tor and angle information of the excavator; identifying a
current working condition of the excavator based on the
detection parameters; and adjusting control parameters
of the excavator based on the current working condition.
According to the adaptive control method provided by
the present disclosure, the current working condition is
identified by using the displacement of the electric control
handle and the angle information of the excavator, and
then the control parameters of the excavator are adjusted
based on the current working condition, so that the control
parameters are automatically adjusted with change of
the current working condition, which improves control ef-
ficiency of the excavator.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a technical
field of an excavator, in particular to an adaptive control
method and apparatus, an electronic device, and an ex-
cavator.

BACKGROUND

[0002] As an important building construction and min-
ing device, excavators play a very important role in many
fields such as engineering construction and ore mining.
More than 60% of earthwork operations in the world are
performed by the excavators.
[0003] Excavators are usually hydraulically driven to
operate, and use a single or multiple pumps to drive mul-
tiple actuators such as a boom, a stick, a bucket and a
swing platform, which belong to a single power source
multi-actuator system. When an excavator performs
compound actions, an operating speed of each actuator
is determined by flow distribution of a hydraulic system,
and proportion of the flow distribution is directly related
to working conditions and loads. In the related art, as for
some common working conditions, the excavator may
preset matching working condition modes when leaving
the factory, and different working condition modes cor-
respond to different priority parameters of the flow distri-
bution. During operation, the driver may adjust the priority
parameters of the flow distribution by switching the work-
ing condition modes, so that the adjusted priority param-
eters match the current working condition. However, in
order to realize the adjustment of the priority parameters
corresponding to the current working condition, it re-
quires the driver to select the working condition modes
according to actual experience. This requires the driver
to manually select and switch the working condition
modes, which is less efficient and less responsive. In
addition, in an actual operation, the working conditions
of the excavator changes frequently. Every time the work-
ing condition changes, the driver needs to switch the
working condition modes (for example, select and switch
the working condition modes by operating a button). Fre-
quent switching of the working condition modes brings a
burden to the driver and reduces operating efficiency and
user experience of the operator.

SUMMARY

[0004] In view of this, the present disclosure provides
an adaptive control method and apparatus, an electronic
device, an excavator, a computer-readable storage me-
dium, and a computer program product.
[0005] In a first aspect, the present disclosure provides
an adaptive control method applicable to an excavator,
including: acquiring detection parameters of the excava-
tor, the detection parameters comprising a displacement

of an electric control handle of the excavator and angle
information of the excavator; identifying a current working
condition of the excavator based on the detection param-
eters; and adjusting control parameters of the excavator
based on the current working condition.
[0006] In the adaptive control method provided by the
present disclosure, the control parameters of the exca-
vator are adjusted based on the identified current working
condition, so that the control parameters are automati-
cally adjusted with change of the current working condi-
tion, which improves control efficiency of the excavator.
In addition, combining the displacement of the electric
control handle and the angle information of the excavator
to identify the current working condition may ensure the
reliability of identification of the working condition.
[0007] In some embodiments, the excavator includes
a plurality of actuators, the plurality of actuators include
a plurality of action mechanisms and a swing platform,
and the angle information includes inclination angles of
the plurality of action mechanisms and a swing angle of
the swing platform, the identifying a current working con-
dition of the excavator based on the detection parameters
includes: acquiring relative positions of the plurality of
action mechanisms; determining a lift height of the exca-
vator based on the inclination angles and the relative
positions; determining target speeds of the plurality of
actuators based on the displacement and a correspond-
ence between speeds of the plurality of actuators and
the displacement of the electric control handle; and de-
termining the current working condition based on the an-
gle information, the lift height, and the target speeds.
[0008] The adaptive control method provided by the
present disclosure combines the inclination angles, the
swing angle and the target speeds to determine the cur-
rent working condition, so as to realize the accuracy of
the identification of the working condition.
[0009] In some embodiments, the determining a lift
height of the excavator based on the inclination angles
and the relative positions includes: determining a spatial
coordinate of a tooth tip of the excavator at each time
based on the inclination angles and the relative positions;
determining a motion trajectory of the tooth tip based on
the spatial coordinate of the tooth tip at each time; and
determining a height difference between a crawler of the
excavator and a working surface of the excavator based
on the motion trajectory of the tooth tip, so as to determine
the lift height.
[0010] In the adaptive control method provided by the
present disclosure, the lift height is determined based on
the motion trajectory of the tooth tip and the relative po-
sitions of the plurality of action mechanisms, and then
the lift height is determined from the perspective of kin-
ematic coordinate transformation, thus ensuring the ac-
curacy of the determination of the lift height.
[0011] In some embodiments, the determining the cur-
rent working condition based on the angle information,
the lift height, and the target speeds includes: determin-
ing that the excavator is currently in a first mode based
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on the lift height, the first mode being one of a platform
building operation and a ground operation; determining
that the excavator is currently in a second mode based
on the inclination angles and the target speeds, the sec-
ond mode being one of a loading operation and a dump-
ing operation; determining that the excavator is currently
in a third mode based on the swing angle, the third mode
being one of a plurality of swing operations with different
swing angles; and determining the current working con-
dition based on the first mode, the second mode and the
third mode.
[0012] In the adaptive control method provided by the
present disclosure, by synthesizing the first mode, the
second mode and the third mode, the current working
condition is finally determined, and then an identification
result of the working condition is obtained by using a sig-
nal, thus ensuring the reliability of the identification of the
working condition.
[0013] In some embodiments, the determining that the
excavator is currently in a first mode based on the lift
height includes: determining whether the lift height ex-
ceeds a height threshold; determining that the excavator
is in the platform building operation when the lift height
does not exceed the height threshold; and determining
that the excavator is in the ground operation when the
lift height exceeds the height threshold.
[0014] In this way, it is possible to accurately determine
in which of the platform building operation and the ground
operation is in.
[0015] In some embodiments, the determining that the
excavator is currently in a second mode based on the
inclination angles and the target speeds includes: deter-
mining speed of the electric control handle based on the
displacement of the electric control handle; determining
target accelerations of the plurality of actuators based on
the speed of the electric control handle; and determining
that the excavator is currently in the second mode based
on the inclination angles, the target speeds, and the tar-
get accelerations.
[0016] In the adaptive control method provided by the
present disclosure, on the basis of the target speeds, the
second mode is confirmed in combination with the target
accelerations, which further ensures the accuracy of a
determination result.
[0017] In some embodiments, the plurality of action
mechanisms include a boom, a stick and a bucket.
[0018] In some embodiments, the control parameters
include a pump current and a priority gain, the adjusting
control parameters of the excavator based on the current
working condition includes: determining target control
parameters based on the current working condition and
an optimization target, the optimization target including
minimum fuel consumption and maximum efficiency; and
adjusting the control parameters based on the target con-
trol parameters.
[0019] In the adaptive control method provided by the
present disclosure, the control parameters are optimized
by using the optimization target, so that the optimized

control parameters can meet the requirements.
[0020] In a second aspect, the present disclosure also
provides an adaptive control apparatus applicable to an
excavator, including: an acquisition module, configured
to acquire detection parameters of the excavator, the de-
tection parameters comprising a displacement of an elec-
tric control handle of the excavator and angle information
of the excavator; an identification module, configured to
identify a current working condition of the excavator
based on the detection parameters; and an adjustment
module, configured to adjust control parameters of the
excavator based on the current working condition.
[0021] In a third aspect, the present disclosure also
provides an electronic device, including: a processor; and
a memory having program instructions stored thereon
and coupled to the processor. When the program instruc-
tions are executed by the processor, the processor exe-
cutes the adaptive control method described in the first
aspect.
[0022] In a fourth aspect, the present disclosure also
provides an excavator, including the electronic device
described in the third aspect.
[0023] In a fifth aspect, the present disclosure also pro-
vides a computer-readable storage medium having pro-
gram instructions stored thereon. When the program in-
structions are executed by a processor, the processor
executes the adaptive control method described in the
first aspect.
[0024] In a sixth aspect, the present disclosure also
provides a computer program product, including compu-
ter programs. When the computer programs are execut-
ed by a processor, the processor executes the adaptive
control method described in the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0025] In order to explain the embodiments of the
present disclosure more clearly, the accompanying
drawings that need to be used may be briefly introduced
below. Obviously, the accompanying drawings in the fol-
lowing description are some embodiments of the present
disclosure. For those skilled in the art, other drawings
may also be obtained from these accompanying draw-
ings without creative efforts.

FIG. 1 is a shematic flowchart of an adaptive control
method according to an embodiment of the present
disclosure.
FIG. 2 is a flowchart of an adaptive control method
according to another embodiment of the present dis-
closure.
FIG. 3 is a flowchart of an adaptive control method
according to another embodiment of the present dis-
closure.
FIG. 4 is a schematic processing diagram of an adap-
tive control method according to an embodiment of
the present disclosure.
FIG. 5 is a schematic structural diagram of an adap-
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tive control apparatus according to an embodiment
of the present disclosure.
FIG. 6 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0026] In order to make the purposes, technical solu-
tions and advantages of the present disclosure clearer,
the technical solutions in the embodiments of the present
disclosure may be clearly and completely described be-
low in combination with the accompanying drawings in
the embodiments of the present disclosure. Apparently,
the described embodiments are only a part, but not all,
of the embodiments of the present disclosure. All of the
other embodiments that are obtained by those of ordinary
skill in the art based on the embodiments in the present
disclosure without any inventive efforts fall into the scope
protected by the present disclosure.
[0027] In the related art, a plurality of working condition
buttons corresponding to a plurality of working conditions
are arranged in a cab of an excavator. The driver may
select a corresponding working condition button accord-
ing to a current working condition, so that control param-
eters of actuators of the excavator may better match the
current working condition of the excavator. When the
working condition of the excavator changes, in order to
ensure that the control parameters keep matching the
changed working condition, the driver needs to select a
corresponding working condition button one more time.
However, due to a limited space in the cab, it is impossible
to set enough working condition buttons to correspond
to all possible working conditions, which results in that
when a working condition that does not correspond to all
the working condition buttons occurs, the driver cannot
adjust optimization parameters to match the working con-
dition. It can be seen that in the related art, control accu-
racy of the excavator is poor.
[0028] The present disclosure provides an adaptive
control method applicable to an excavator. In the adap-
tive control method, the current working condition of the
excavator is adaptively identified, and the control param-
eters of the excavator are automatically adjusted based
on a result of adaptive identification, so as to realize adap-
tive adjustment of the control parameters.
[0029] In the adaptive control method provided by the
present disclosure, the current working condition can be
automatically identified based on a displacement of the
electric control handle and measurement results of angle
sensors. For example, various working conditions are
composed of a plurality of operations such as a platform
building operation/a ground operation, a loading opera-
tion/a dumping operation, a swing operation with 45-de-
gree/90-degree/180-degree/other angle, etc. In addition,
in the adaptive control method provided by the present
disclosure, the control parameters of the excavator can
be automatically adjusted after the current working con-

dition is identified, without manual setting and selection
by the driver. For example, the adaptive control method
provided by the present disclosure may be applied to the
excavator using the electric control handle and the angle
sensors.
[0030] It should be noted that, in the present disclo-
sure, the steps shown in the flowcharts may be executed
in a computer system such as a set of computer-execut-
able instructions stored therein. Furthermore, although
a logical order is shown in the flowcharts, in some cases
the steps shown or described may be performed in an
order different from that herein.
[0031] FIG. 1 is a schematic flowchart of an adaptive
control method S10 according to an embodiment of the
present disclosure. The adaptive control method S10
may be performed by an electronic device (e.g., a control
device of an excavator). As shown in FIG. 1, the adaptive
control method S10 may include steps S11 to S13.
[0032] Step S11: acquiring detection parameters of the
excavator. The detection parameters include a displace-
ment of an electric control handle of the excavator and
angle information of the excavator.
[0033] During a detection period, the displacement of
the electric control handle may be determined by an elec-
tric signal output by the electric control handle. Based on
the displacement of the electronic control handle, target
speed or target acceleration of the excavator may be
determined in the subsequent steps, so that working data
of the excavator may be determined. For example, a load-
ing operation process may mainly include the following
working cycles: digging-lifting-turning-unloading-return-
ing. In each working cycle, the target speed or target
acceleration of each actuator of the excavator may
change accordingly. Or in each working cycle, the target
speed or target acceleration of each actuator of the ex-
cavator may follow a certain variation law. Therefore, the
displacement of the electronic control handle may be
used to determine the working data of the excavator.
[0034] The angle information may include a measured
swing angle of the swing platform of the excavator, and
may also include measured inclination angles of a plu-
rality of action mechanisms of the excavator. For exam-
ple, in one detection cycle, by measuring the inclination
angles of a boom, a variation law of the boom in one
detection cycle may be determined. For another exam-
ple, in one detection cycle, a lift height of the excavator
may be determined by measuring a motion trajectory of
a tooth tip of the excavator.
[0035] In the embodiment of the present disclosure,
the angle information may be obtained by using the angle
sensors, or the angle information may be obtained by
means of image analysis. The embodiment of the present
disclosure does not specifically limit the way of obtaining
the angle information, and the way of obtaining the angle
information may be set correspondingly according to the
actual situations. Taking the implementation with angle
sensors as an example, measurement results (i.e., the
angle information) obtained by the angle sensors may
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be sent to the electronic device, and thus, the electronic
device has got the detection parameters of the excavator.
[0036] Step S12: identifying a current working condi-
tion of the excavator based on the detection parameters.
[0037] After the electronic device has got the detection
parameters, the displacement of the electric control han-
dle may be first analyzed to determine the working data
of the excavator, and then the current working condition
of the excavator may be further confirmed combined with
the measurement results of various angle sensors.
[0038] In one example, the working conditions able to
be identified by the electronic device include at least 16
types which are composed of various operations such
as the ground operation/platform building operation, the
loading operation/dumping operation, the swing opera-
tion with 45-degree/90-degree/180-degree/other angle,
etc. (for example, a platform building and dumping work-
ing condition with 90-degree is one of the working con-
ditions).
[0039] Step S13: adjusting control parameters of the
excavator based on the identified current working condi-
tion.
[0040] The control parameters corresponding to vari-
ous working conditions may be stored in the electronic
device. For example, these control parameters may be
stored in a form of a data table. After the current working
condition is determined, through the electronic device,
the working condition may be matched in the data table,
and the corresponding control parameters may be ex-
tracted when the same working condition as the current
working condition is matched.
[0041] For example, the control parameters may in-
clude a pump current and a priority gain. The pump cur-
rent may be a pump current corresponding to each action
mechanism in the excavator. The priority gain may be a
priority gain of the swing platform to the boom, a priority
gain of the swing platform to a stick, a priority gain of the
stick to a bucket, and so on. The specific pump current
and specific priority gain included in the control param-
eters are not limited here, and may be set according to
the actual situations.
[0042] In the adaptive control method provided in this
embodiment, the current working condition is identified
by using the displacement of the electric control handle
of the excavator and the angle information of the exca-
vator, and then the control parameters of the excavator
are adjusted based on the current working condition, so
as to realize that the control parameters are automatically
adjusted with the change of the current working condition,
and the control efficiency of the excavator is improved.
[0043] FIG. 2 is a schematic flowchart of an adaptive
control method S20 according to another embodiment of
the present disclosure. The adaptive control method S20
may be performed by an electronic device (e.g., a control
device of an excavator). As shown in FIG. 2, the adaptive
control method S20 may include steps S21 to S23.
[0044] Step S21: acquiring detection parameters of the
excavator. The detection parameters include a displace-

ment of an electric control handle of the excavator and
angle information of the excavator.
[0045] The angle information includes inclination an-
gles and a swing angle. The inclination angles may be
inclination angles of a plurality of action mechanisms of
the excavator. For example, the plurality of action mech-
anisms include a boom, a stick and a bucket, etc. The
swing angle may be a swing angle of the swing platform
of the excavator. In the present disclosure, the angle in-
formation may be set according to the actual needs,
which is not limited herein. By using a swing angle sensor,
change amplitude of the swing angle and a swing direc-
tion in a loading cycle are acquired through the electronic
device, and therefore, the swing angle of the excavator
during operation may be identified.
[0046] Step S22: identifying a current working condi-
tion of the excavator based on the detection parameters.
[0047] As an embodiment, the step S22 may include
steps S221 to S224.
[0048] Step S221: acquiring relative positions of the
plurality of action mechanisms of the excavator.
[0049] Through the electronic device, a coordinate
system (e.g., a XOY coordinate system) may be estab-
lished with a tooth tip of the excavator (e.g., a bucket) as
a coordinate center point. Since a size of each action
mechanism in the excavator is fixed, a coordinate of each
action mechanism in the coordinate system may be de-
termined, so that the relative position of each action
mechanism may be determined.
[0050] For example, the relative position of each action
mechanism may be pre-stored in the electronic device.
For another example, through the electronic device, a
coordinate system may be established in real time and
the relative position of each action mechanism may also
be determined in real time when self-adaptive control is
required. Of course, through the electronic device, the
relative position of each action mechanism in the exca-
vator may also be acquired in other ways. The present
disclosure does not specifically limit the manner of how
to acquire the relative position of each action mechanism
in the excavator through electronic device.
[0051] Step S222: determining a lift height of the ex-
cavator based on the inclination angles and the relative
positions.
[0052] As described above, the inclination angles may
include the inclination angles of the boom, the stick, and
the bucket. Therefore, through the electronic device, the
lift height of the excavator may be determined according
to the inclination angles of the corresponding action
mechanisms and their relative positions.
[0053] As a specific embodiment, the step S222 may
include: determining a spatial coordinate of a tooth tip of
the excavator at each time based on the inclination an-
gles and the relative positions; determining a motion tra-
jectory of the tooth tip based on the spatial coordinate of
the tooth tip at each time; and determining a height dif-
ference between a crawler of the excavator and a working
surface of the excavator based on the motion trajectory

7 8 



EP 4 116 506 A1

6

5

10

15

20

25

30

35

40

45

50

55

of the tooth tip, so as to determine the lift height.
[0054] By using inclination sensors, through the elec-
tronic device, an angle of each action mechanism (i.e.
the boom, stick and bucket) at each time may be ob-
tained, and combined with the relative position of each
action mechanism (or a geometric dimension of the
boom, stick and bucket and a dimension of a hydraulic
cylinder), the spatial coordinate of the tooth tip of the
excavator may be obtained according to a space coor-
dinate operation. Through the electronic device, the mo-
tion trajectory of the tooth tip may be determined by re-
cording the spatial coordinate of the tooth tip at each
time. Through the electronic device, a height of a crawler
of the excavator relative to a working surface of the ex-
cavator may be identified by using the motion trajectory
of the tooth tip during an excavation process, so as to
determine the lift height.
[0055] As an example, the working surface of the ex-
cavator may refer to a plane on which the tooth tip of the
bucket are located when the bucket of the excavator is
lifted to the highest level in the current operation, or the
working surface of the excavator may be a plane on which
the highest point of the motion trajectory of the tooth tip
is located. As an example, the lift height may be a height
difference between the crawler of the excavator (or a
plane supporting the crawler) and the working surface of
the excavator.
[0056] The lift height is determined based on the mo-
tion trajectory of the tooth tip and the relative position of
each action mechanism, and the lift height is determined
from a perspective of kinematic coordinate conversion,
which ensures the accuracy of determining the lift height.
[0057] Step S223: determining target speeds of the
plurality of actuators based on the displacement of the
electric control handle and a correspondence between
speeds of the plurality of actuators and a displacement
of the electric control handle.
[0058] In one example, the correspondence between
speeds of the plurality of actuators and the displacement
of the electric control handle may be stored in the elec-
tronic device, and the correspondence may be charac-
terized by a relationship curve. After the displacement of
the electric control handle is obtained, through the elec-
tronic device, the target speeds of the plurality of actua-
tors may be determined by looking up the relationship
curve.
[0059] Step S224: determining the current working
condition based on the angle information, the lift height,
and the target speeds.
[0060] As described above, the target speeds can
characterize the working data of the excavator. There-
fore, through the electronic device, the current working
condition may be determined by combining the angle, lift
height and target speeds.
[0061] In a specific embodiment, the step S224 may
include steps S2241 to S2244.
[0062] Step S2241: determining that the excavator is
currently in a first mode based on the lift height. The first

mode is one of a platform building operation and a ground
operation.
[0063] By comparing the lift height with a height thresh-
old, a current mode of the excavator may be determined,
that is, which of the platform building operation and the
ground operation the excavator is currently in.
[0064] As an example, the step S2241 may include
determining whether the lift height exceeds a height
threshold; determining that the excavator is in the plat-
form building operation when the lift height does not ex-
ceed the height threshold; and determining that the ex-
cavator is in the ground operation when the lift height
exceeds the height threshold.
[0065] Step S2242: determining that the excavator is
currently in a second mode based on the inclination an-
gles and the target speeds. The second mode is one of
a loading operation and a dumping operation.
[0066] In a detection cycle, the working data of the ex-
cavator may be characterized by the target speeds, and
working characteristics of the excavator may be ex-
pressed by the target speeds. Based on the working char-
acteristics and the inclination angles, through the elec-
tronic device, it may be determined which of the loading
operation and the dumping operation is currently per-
formed by the excavator.
[0067] Step S2243: determining that the excavator is
currently in a third mode based on the swing angle. The
third mode is one of a plurality of swing operations with
different swing angles.
[0068] For example, various swing operations may in-
clude a swing operation with a swing angle of 45 degrees,
a swing operation with a swing angle of 90 degrees, a
swing operation with a swing angle of 180 degrees, a
swing operation with other swing angles, and the like.
Based on the detected swing angle, through the elec-
tronic device, it may be determined which of various
swing operations the excavator is currently in. For exam-
ple, if the detected swing angle is close to 90 degrees, it
may be determined that the excavator is currently in the
swing operation with the swing angle of 90 degrees, i.e.,
a current swing platform of the excavator needs to be
rotated 90 degrees for operation.
[0069] Step S2244: determining the current working
condition based on the first mode, the second mode and
the third mode.
[0070] By combining the first mode, the second mode
and the third mode, the current working condition of the
excavator may be finally determined through the elec-
tronic device. For example, if the determined first mode
is the ground operation, the determined second mode is
the loading operation, and the determined third mode is
the swing operation with the swing angle of 90 degrees,
then by combining these information, it may be deter-
mined that the current working condition of the excavator
is 90-degree leveling loading. For another example, if the
determined first mode is the platform building operation,
the determined second mode is the dumping operation,
and the determined third mode is the swing operation
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with the swing angle of 45 degrees, then by combining
these information, it may be determined that the current
working condition of the excavator is 45-degree platform
building dumping.
[0071] By synthesizing the first mode, the second
mode and the third mode, the current working condition
is finally determined, which may ensure the reliability of
determining the current working condition.
[0072] In a specific embodiment, the step S2242 may
include: determining speed of the electric control handle
based on the displacement of the electric control handle;
determining target accelerations of the plurality of actu-
ators based on the speed of the electric control handle;
and determining that the excavator is currently in the sec-
ond mode based on the inclination angles, the target
speeds, and the target accelerations.
[0073] There is a correspondence between the dis-
placement and the speed of the electric control handle.
After the displacement of the electric control handle is
obtained, through the electronic device, the speed of the
electric control handle may be obtained by using the cor-
respondence. For example, the speed of the electric con-
trol handle may be obtained through the displacement of
the electric control handle and a corresponding time.
Through the electronic device, a differential calculation
is performed on the obtained speed of the electric control
handle to determine the target accelerations of the ex-
cavator. For example, when the driver operates the elec-
tric control handle, the speed of moving the electric con-
trol handle (i.e., the speed of the electric control handle)
is related to acceleration of the excavator expected by
the driver. The faster the driver moves the electric control
handle, the faster the driver expects the excavator to re-
spond to changes in speed. On the basis of the target
speeds, the working characteristics of the excavator are
determined in combination with the target accelerations,
which further ensures the accuracy of a determination
result.
[0074] Step S23: adjusting the control parameters of
the excavator based on the identified current working
condition. The control parameters include a pump current
and a priority gain.
[0075] It should be noted that, for a specific embodi-
ment of the step S23, reference may be made to the step
S13 in the foregoing embodiment, which is not repeated
here for the sake of brevity.
[0076] In the adaptive control method provided in this
embodiment, the inclination angles, the swing angle and
the target speeds are combined to determine the current
working condition, so as to realize the accuracy of iden-
tifying the working condition.
[0077] FIG. 3 is a flowchart of an adaptive control meth-
od of a step S30 according to another embodiment of the
present disclosure. The adaptive control method of the
step S30 may be performed by an electronic device (e.g.,
a control device of an excavator). As shown in FIG. 3,
the adaptive control method of the step S30 may include
steps S31 to S33.

[0078] Step S31: acquiring detection parameters of the
excavator. The detection parameters include a displace-
ment of an electric control handle of the excavator and
angle information of the excavator.
[0079] For a specific embodiment of the step S31, ref-
erence may be made to the step S21 in the above em-
bodiment, and for the sake of brevity, details are not de-
scribed herein again.
[0080] Step S32: identifying a current working condi-
tion of the excavator based on the detection parameters.
[0081] As for the identification of the current working
condition of the excavator, as shown in FIG. 4, input pa-
rameters are the displacement of the electric control han-
dle, inclination angles of a plurality of action mechanisms,
and a swing angle of a swing platform, and an output is
a pump current and a priority gain. For example, inclina-
tion sensors may be provided in the excavator to acquire
the inclination angles of the plurality of action mecha-
nisms, and a swing angle sensor may be provided in the
excavator to detect the swing angle of the swing platform.
Considering that a position of the electric control handle
corresponds to an operating speed of a plurality of actu-
ators of the excavator during operation, the driver’s ex-
pected speed may be identified according to the position
of the electric control handle, and the driver’s expected
acceleration may be identified according to a speed of
the electric control handle. In addition, the lift height of
the excavator may be determined according to the incli-
nation angles of the plurality of action mechanisms. In
addition, an angle that the swing platform has turned dur-
ing the operation may be determined according to the
swing angle. Comprehensively, the current working con-
dition of the excavator may be identified. According to
the identified current working condition, aiming at the low-
est fuel consumption and the highest efficiency, the pump
current and priority gain are automatically adjusted to
automatically adapt to the current working condition, so
that each action gain coefficient is more suitable for the
current working condition. In this embodiment, there is
no need for the driver to repeatedly adjust manually,
which can reduce the difficulty of the operation and in-
crease the working efficiency.
[0082] As an example, a display screen or button etc.
may be provided on the excavator for the driver to acti-
vate/deactivate an adaptive mode. After the driver choos-
es to enter the adaptive mode, through the electronic
device (such as the control device of the excavator), cor-
responding parameters may be automatically adjusted
according to different working conditions, so as to auto-
matically adapt to different working conditions.
[0083] Step S33: adjusting control parameters of the
excavator based on the current working condition. The
control parameters may include a pump current and a
priority gain. In a non-limiting example, the step S33 may
include step S331 and step S332.
[0084] Step S331: determining target control parame-
ters based on the current working condition and an opti-
mization target. The optimization target includes mini-
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mum fuel consumption and maximum efficiency.
[0085] After the current working condition is identified,
through the electronic device, the control parameter cor-
responding to the current working condition may be de-
termined in combination with the current working condi-
tion and the optimization target, i.e., the target control
parameter. Specifically, as shown in FIG. 4, the optimi-
zation target may include the minimum fuel consumption,
maximum efficiency, best operation, and highest cost
performance. After constraints corresponding to each
optimization target are determined, an optimization func-
tion may be used to optimize the control parameters, and
then the target control parameters corresponding to the
current working condition may be determined.
[0086] It should be understood that although only two
pump currents and three priority gains are shown in FIG.
4, the protection scope of the present invention is not
limited to this, and specific settings may be made accord-
ing to the actual needs.
[0087] Step S332: adjusting the (current) control pa-
rameters of the excavator based on the target control
parameters.
[0088] After the target control parameters are deter-
mined, through the electronic device, a value of the cur-
rent control parameter may be adjusted (for example, the
current control parameter is adjusted to be consistent
with the target control parameter), thereby realizing
adaptive control of the excavator.
[0089] In the adaptive control method provided in this
embodiment, the optimization target is used to optimize
the control parameters, so that the optimized control pa-
rameters can meet the requirements.
[0090] As shown in FIG. 4, in the adaptive control meth-
od of the present disclosure, the working condition of the
excavator is automatically identified according to signals
such as the displacement of the electric control handle,
the speed of the electric control handle, the inclination
angles of the action mechanism, and the swing angle of
the swing platform. Using the above signals to identify
the working condition can make the identification of the
working condition more specific. In the related art, the
inclination angles of the action mechanism and the swing
angle of the swing platform are not included, so only some
simple working conditions (such as light or heavy load,
excavation or crushing) can be roughly identified, and it
is difficult to accurately determine the working condition.
[0091] Further, according to the identified working con-
dition, the pump current and priority gain are automati-
cally adjusted to automatically adapt to different working
conditions, so that the gain coefficient of each action is
more suitable for the current working condition, without
the driver’s repeated manual adjustment, reducing the
operation difficulty and increasing the working efficiency.
[0092] Specifically, the input signals of the adaptive
control method in the present disclosure are: the dis-
placement of the electric control handle, the speed of the
electric control handle, and the inclination angles and
swing angle detected by the angle sensors. For example,

the working conditions that can be identified may include
at least 16 working conditions which are composed of
various operations such as the ground operation/plat-
form building operation, the loading operation/dumping
operation, the swing operation with 45-degree/90-de-
gree/180-degree/other angle, etc. (for example, a plat-
form building and dumping working condition with 90-
degree is one of the working conditions). The output
pump current and the priority gain of each action are au-
tomatically adjusted according to the identified working
condition, and the driver is not required to manually set
and select the working condition.
[0093] As an alternative embodiment, a display screen
or button etc. may be provided on the excavator for the
driver to activate/deactivate an adaptive mode. After the
driver chooses to enter the adaptive mode, through the
electronic device (such as the control device of the ex-
cavator), corresponding parameters may be automati-
cally adjusted according to different working conditions,
so as to automatically adapt to different working condi-
tions. It should be understood that the implementation of
activating/deactivating the adaptive mode is not limited
to the button, display screen, etc. In other embodiments,
other implementations may also be adopted.
[0094] The present embodiment also provides an
adaptive control apparatus, applicable to an excavator.
The adaptive control apparatus provided in the present
disclosure corresponds to the adaptive control method
provided in the present disclosure one-to-one. Repeated
description is omitted as appropriate for the sake of brev-
ity. As used below, the term "module" may be a combi-
nation of software and/or hardware that implements a
predetermined function. Although the apparatus de-
scribed in the following embodiments is preferably im-
plemented in software, hardware, or a combination of
software and hardware, is also possible and contemplat-
ed.
[0095] FIG. 5 is a schematic structural diagram of an
adaptive control apparatus 40 according to an embodi-
ment of the present disclosure. As shown in FIG. 5, the
adaptive control apparatus 40 may include an acquisition
module 41, an identification module 42, and an adjust-
ment module 43.
[0096] The acquisition module 41 is configured to ac-
quire detection parameters of the excavator. The detec-
tion parameters include a displacement of an electric
control handle of the excavator and angle information of
the excavator.
[0097] The identification module 42 is configured to
identify a current working condition of the excavator
based on the detection parameters.
[0098] The adjustment module 43 is configured to ad-
just control parameters of the excavator based on the
current working condition.
[0099] The adaptive control apparatus, applicable to
the excavator, in this embodiment is presented in the
form of a functional unit, which may adopt one or a com-
bination of the following forms: an ASIC circuit, a proc-
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essor that executes one or more software or fixed pro-
grams, and other components that may provide the
above functions.
[0100] In some embodiments, referring again to FIG.
5, the identification module 42 may include a first unit
421, a second unit 422, a third unit 423, and a fourth unit
424. The angle information may include inclination an-
gles of a plurality of action mechanisms of the excavator
and a swing angle of a swing platform of the excavator.
[0101] The first unit 421 is configured to acquire rela-
tive positions of the plurality of action mechanisms. The
second unit 422 is configured to determine a lift height
of the excavator based on the inclination angles and the
relative positions. The third unit 423 is configured to de-
termine target speeds of the plurality of actuators based
on the displacement and a correspondence between
speeds of the plurality of actuators and the displacement
of the electric control handle. The fourth unit 424 is con-
figured to determine the current working condition based
on the angle information, the lift height, and the target
speeds.
[0102] In some embodiments, the second unit 422 is
configured to: determine a spatial coordinate of a tooth
tip of the excavator at each time based on the inclination
angles and the relative positions; determine a motion tra-
jectory of the tooth tip based on the spatial coordinate of
the tooth tip at each time; and determine a height differ-
ence between a crawler of the excavator and a working
surface of the excavator based on the motion trajectory
of the tooth tip, so as to determine the lift height.
[0103] In some embodiments, referring again to FIG.
5, the fourth unit 424 may include a first sub-unit 4241,
a second sub-unit 4242, a third sub-unit 4243, and a
fourth sub-unit 4244.
[0104] The first sub-unit 4241 is configured to deter-
mine that the excavator is currently in a first mode based
on the lift height. The first mode is one of a platform build-
ing operation and a ground operation.
[0105] The second sub-unit 4242 is configured to de-
termine that the excavator is currently in a second mode
based on the inclination angles and the target speeds.
The second mode is one of a loading operation and a
dumping operation.
[0106] The third sub-unit 4243 is configured to deter-
mine that the excavator is currently in a third mode based
on the swing angle. The third mode is one of a plurality
of swing operations with different swing angles.
[0107] The fourth sub-unit 4244 is configured to deter-
mine the current working condition based on the first
mode, the second mode and the third mode.
[0108] In some embodiments, the first sub-unit is con-
figured to: determine whether the lift height exceeds a
height threshold; determine that the excavator is in the
platform building operation when the lift height does not
exceed the height threshold; and determine that the ex-
cavator is in the ground operation when the lift height
exceeds the height threshold.
[0109] In some embodiments, the second sub-unit is

configured to: determine speed of the electric control
handle based on the displacement of the electric control
handle; determine target accelerations of the plurality of
actuators based on the speed of the electric control han-
dle; and determine that the excavator is currently in the
second mode based on the inclination angles, the target
speeds, and the target accelerations.
[0110] In some embodiments, the adjustment module
43 is configured to: determine target control parameters
based on the current working condition and an optimiza-
tion target; and adjust the control parameters based on
the target control parameters. The optimization target in-
clude minimum fuel consumption and maximum efficien-
cy.
[0111] FIG. 6 is a schematic structural diagram of an
electronic device 50 according to an embodiment of the
present disclosure. As shown in FIG. 6, the electronic
device 50 may include at least one processor 51, at least
one communication interface 53, a memory 54, and at
least one communication bus 52. The communication
bus 52 is used to realize connection communication be-
tween these components. The communication interface
53 may include a display screen and a keyboard, and
the communication interface 53 may optionally also in-
clude a standard wired interface and a wireless interface.
The memory 54 may be a high-speed Random Access
Memory (RAM) or a non-volatile memory, such as at least
one disk memory. The memory 54 may alternatively be
at least one storage apparatus located away from the
aforementioned processor 51. The processor 51 may call
program code stored in the memory 54 for performing
any of the steps in any of the methods described above.
[0112] The communication bus 52 may be a Peripheral
Component Interconnect (PCI) bus, an Extended Indus-
try Standard Architecture (EISA) bus, or the like. The
communication bus 52 may be divided into an address
bus, a data bus, control bus, or the like.
[0113] The memory 54 may include a volatile memory,
such as a Random Access Memory (RAM); The memory
may also include a non-volatile memory, such as a flash
memory, a Hard Disk Drive (HDD), or a Solid State Drive
(SSD). The memory 54 may also include a combination
of the above types of memories.
[0114] The processor 51 may be a Central Processing
Unit (CPU), a Network Processor (NP), or a combination
of CPU and NP.
[0115] The processor 51 may further include a hard-
ware chip. The above hardware chip may be an Applica-
tion Specific Integrated Circuit (ASIC), a Programmable
Logic Device (PLD), or a combination thereof. The PLD
may be a Complex Programmable Logic Device (CPLD),
a Field Programmable Gate Array (FPGA), a General
Array Logic (GAL), or any combination thereof.
[0116] Optionally, the memory 54 is also used to store
program instructions. The processor 51 may call the pro-
gram instructions to implement the adaptive control
method shown in the embodiments of FIG. 1 to FIG. 3 of
the present application.
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[0117] The present disclosure also provides a compu-
ter-readable storage medium. The computer-readable
storage medium stores program instructions. When the
program instructions are executed by the processor, the
processor executes the adaptive control method provid-
ed by the present disclosure.
[0118] In the present disclosure, the computer storage
medium may be a magnetic disk, an optical disk, a Read
Only Memory (ROM), a Random Access Memory (RAM),
a flash memory, a Hard Disk Drive (HDD), a Solid State
Drive (SSD), and the like. In some embodiments, the
computer storage medium may also include a combina-
tion of the above types of memories.
[0119] The present disclosure also provides an exca-
vator including the electronic device provided in the
present disclosure.
[0120] By way of example, the excavator may include
an excavator body and the electronic device. The elec-
tronic device is connected with the excavator body. The
electronic device may be connected with the excavator
body according to the needs. The specific connection
manner and setting position of the excavator and the
electronic device are not limited here.
[0121] The specific structure of the excavator body
may be set according to the actual needs, and there is
no limitation here. The electronic device is used to auto-
matically identify the current working condition of the ex-
cavator, and adaptively adjust the control parameters of
the excavator based on the current working condition, so
that the excavator may automatically adapt to different
working conditions, thereby reducing the working difficul-
ty, increasing the working efficiency, and eliminating the
need for the driver to manually select the working mode.
[0122] The present disclosure also provides a compu-
ter program product. The computer program product in-
cludes computer programs. When the computer pro-
grams are executed by a processor, the processor exe-
cutes the adaptive control method provided by the
present disclosure.
[0123] It should be noted that in the present disclosure,
the excavator may include a traveling mechanism, a
swing platform, and a plurality of action mechanisms. For
example, the traveling mechanism may be a crawler. The
swing platform is also called an upper part turntable or
an upper part body, which is installed on the traveling
mechanism. The swing platform may include, for exam-
ple, a cab and counterweights, etc. The plurality of action
mechanisms may include a boom, a stick and a bucket,
etc. The plurality of action mechanisms are installed on
the swing platform to follow the swing platform to rotate.
[0124] It should be noted that, in the present disclo-
sure, the loading operation may mean that the excavator
loads materials onto another transport vehicle (e.g., a
truck); the dumping operation may mean that the exca-
vator directly moves materials from one place to another
without the help of other transportation vehicles. It should
also be noted that, in the present disclosure, the platform
building operation may mean that the excavator working

on a pre-built platform. Correspondingly, the ground op-
eration may mean that the excavator operates on a flat
ground. For example, in one loading operation, if the ex-
cavator and the truck are on a same plane (i.e. a ground
height supporting the excavator and the truck are the
same), this operation manner may be called the ground
operation. If the plane where the excavator is located is
higher than the plane where the truck is located (for ex-
ample, the truck is on the ground and the excavator is
on a platform higher than the ground), this operation man-
ner may be called the platform building operation. In a
loading and unloading operation, as for a same truck, if
the platform building operation is adopted, the lift height
of the bucket of the excavator is low; if the ground oper-
ation is adopted, the bucket of the excavator needs to be
lifted to a higher height.
[0125] Although the embodiments of the present dis-
closure have been described in conjunction with the
drawings, those skilled in the art may make various mod-
ifications and variations without departing from the spirit
and scope of the present disclosure, and such modifica-
tions and variations fall within the scope defined by the
appended claims.

Claims

1. An adaptive control method, applicable to an exca-
vator, wherein the adaptive control method compris-
es:

acquiring detection parameters of the excava-
tor, the detection parameters comprising a dis-
placement of an electric control handle of the
excavator and angle information of the excava-
tor;
identifying a current working condition of the ex-
cavator based on the detection parameters; and
adjusting control parameters of the excavator
based on the current working condition.

2. The adaptive control method of claim 1, wherein the
excavator comprises a plurality of actuators, the plu-
rality of actuators comprise a plurality of action mech-
anisms and a swing platform, and the angle informa-
tion comprises inclination angles of the plurality of
action mechanisms and a swing angle of the swing
platform, the identifying a current working condition
of the excavator based on the detection parameters
comprises:

acquiring relative positions of the plurality of ac-
tion mechanisms;
determining a lift height of the excavator based
on the inclination angles and the relative posi-
tions;
determining target speeds of the plurality of ac-
tuators based on the displacement and a corre-
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spondence between speeds of the plurality of
actuators and the displacement of the electric
control handle; and
determining the current working condition based
on the angle information, the lift height, and the
target speeds.

3. The adaptive control method of claim 2, wherein the
determining a lift height of the excavator based on
the inclination angles and the relative positions com-
prises:

determining a spatial coordinate of a tooth tip of
the excavator at each time based on the incli-
nation angles and the relative positions;
determining a motion trajectory of the tooth tip
based on the spatial coordinate of the tooth tip
at each time; and
determining a height difference between a
crawler of the excavator and a working surface
of the excavator based on the motion trajectory
of the tooth tip, so as to determine the lift height.

4. The adaptive control method of claim 2 or 3, wherein
the determining the current working condition based
on the angle information, the lift height, and the target
speeds comprises:

determining that the excavator is currently in a
first mode based on the lift height, the first mode
being one of a platform building operation and
a ground operation;
determining that the excavator is currently in a
second mode based on the inclination angles
and the target speeds, the second mode being
one of a loading operation and a dumping oper-
ation;
determining that the excavator is currently in a
third mode based on the swing angle, the third
mode being one of a plurality of swing operations
with different swing angles; and
determining the current working condition based
on the first mode, the second mode and the third
mode.

5. The adaptive control method of claim 4, wherein the
determining that the excavator is currently in a first
mode based on the lift height comprises:

determining whether the lift height exceeds a
height threshold;
determining that the excavator is in the platform
building operation when the lift height does not
exceed the height threshold; and
determining that the excavator is in the ground
operation when the lift height exceeds the height
threshold.

6. The adaptive control method of claim 4 or 5, wherein
the determining that the excavator is currently in a
second mode based on the inclination angles and
the target speeds comprises:

determining speed of the electric control handle
based on the displacement of the electric control
handle;
determining target accelerations of the plurality
of actuators based on the speed of the electric
control handle; and
determining that the excavator is currently in the
second mode based on the inclination angles,
the target speeds, and the target accelerations.

7. The adaptive control method of any one of claims 2
to 6, wherein the plurality of action mechanisms com-
prise a boom, a stick and a bucket.

8. The adaptive control method of any one of claims 1
to 7, wherein the control parameters comprise a
pump current and a priority gain, the adjusting control
parameters of the excavator based on the current
working condition comprises:

determining target control parameters based on
the current working condition and an optimiza-
tion target, the optimization target comprising
minimum fuel consumption and maximum effi-
ciency; and
adjusting the control parameters based on the
target control parameters.

9. An adaptive control apparatus, applicable to an ex-
cavator, wherein the adaptive control apparatus
comprises:

an acquisition module, configured to acquire de-
tection parameters of the excavator, the detec-
tion parameters comprising a displacement of
an electric control handle of the excavator and
angle information of the excavator;
an identification module, configured to identify
a current working condition of the excavator
based on the detection parameters; and
an adjustment module, configured to adjust con-
trol parameters of the excavator based on the
current working condition.

10. The adaptive control apparatus of claim 9, wherein
the excavator comprises a plurality of actuators, the
plurality of actuators comprise a plurality of action
mechanisms and a swing platform, and the angle
information comprises inclination angles of the plu-
rality of action mechanisms and a swing angle of the
swing platform, the identification module comprises:

a first unit, configured to acquire relative posi-
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tions of the plurality of action mechanisms;
a second unit, configured to determine a lift
height of the excavator based on the inclination
angles and the relative positions;
a third unit, configured to determine target
speeds of the plurality of actuators based on the
displacement and a correspondence between
speeds of the plurality of actuators and the dis-
placement of the electric control handle; and
a fourth unit, configured to determine the current
working condition based on the angle informa-
tion, the lift height, and the target speeds.

11. The adaptive control apparatus of claim 10, wherein
the second unit is configured to: determine a spatial
coordinate of a tooth tip of the excavator at each time
based on the inclination angles and the relative po-
sitions; determine a motion trajectory of the tooth tip
based on the spatial coordinate of the tooth tip at
each time; and determine a height difference be-
tween a crawler of the excavator and a working sur-
face of the excavator based on the motion trajectory
of the tooth tip, so as to determine the lift height.

12. The adaptive control apparatus of claim 10 or 11,
wherein the fourth unit comprises:

a first sub-unit, configured to determine that the
excavator is currently in a first mode based on
the lift height, the first mode being one of a plat-
form building operation and a ground operation;
a second sub-unit, configured to determine that
the excavator is currently in a second mode
based on the inclination angles and the target
speeds, the second mode being one of a loading
operation and a dumping operation;
a third sub-unit, configured to determine that the
excavator is currently in a third mode based on
the swing angle, the third mode being one of a
plurality of swing operations with different swing
angles; and
a fourth sub-unit, configured to determine the
current working condition based on the first
mode, the second mode and the third mode.

13. The adaptive control apparatus of claim 12, wherein
the first sub-unit is configured to: determine whether
the lift height exceeds a height threshold; determine
that the excavator is in the platform building opera-
tion when the lift height does not exceed the height
threshold; and determine that the excavator is in the
ground operation when the lift height exceeds the
height threshold.

14. The adaptive control apparatus of claim 12 or 13,
wherein the second sub-unit is configured to: deter-
mine speed of the electric control handle based on
the displacement of the electric control handle; de-

termine target accelerations of the plurality of actu-
ators based on the speed of the electric control han-
dle; and determine that the excavator is currently in
the second mode based on the inclination angles,
the target speeds, and the target accelerations.

15. The adaptive control apparatus of any one of claims
10 to 14, wherein the plurality of action mechanisms
comprise a boom, a stick and a bucket.

16. The adaptive control apparatus of any one of claims
9 to 15, wherein the control parameters comprise a
pump current and a priority gain, the adjustment
module is configured to: determine target control pa-
rameters based on the current working condition and
an optimization target, the optimization target com-
prising minimum fuel consumption and maximum ef-
ficiency; and adjust the control parameters based on
the target control parameters.

17. An electronic device, comprising:

a processor; and
a memory having program instructions stored
thereon and coupled to the processor,
wherein when the program instructions are ex-
ecuted by the processor, the processor exe-
cutes the adaptive control method of any one of
claims 1 to 8.

18. An excavator, comprising the electronic device of
claim 17.

19. A computer-readable storage medium having pro-
gram instructions stored thereon, wherein when the
program instructions are executed by a processor,
the processor executes the adaptive control method
of any one of claims 1 to 8.

20. A computer program product, comprising computer
programs, wherein when the computer programs are
executed by a processor, the processor executes
the adaptive control method of any one of claims 1
to 8.
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