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(54) OPERATION SYSTEM

(57) Loading and unloading operation system (10)
adapted for use in a forestry vehicle (100), comprising a
cranecontrol unit (20) andcranesensors (30), adapted to
measure the turn angle of the crane (35), and the exten-
sion position of each hydraulic actuator (36) of the crane
(35), so that the crane tip location (40) and a maximum
crane outreach state is detected, an engine control unit
(50) and engine sensors (60), adapted to measure the
RPM speed of the engine and the fuel consumption, an
operator interface (70), the operation system (10)
adapted to display the location of logs and various ad-
jectives of the logs and the locations and a calculated
optimum position of the vehicle (100) for loading and
unloading operation, an operation CPU (80) with CPU

software (90), adapted to correlate the measurements
and establish a fuel matrix, depending on measured
values of the crane (35), and on the fuel consumption,
calculating an estimated fuel consumption depending on
the established fuel matrix (110) and a theoretical crane
reach as well as the number of logs, size and position in
relation to an estimated vehicle position, displaying a
calculated optimum stopping position of the vehicle
(100) for loading or unloading the logs based on the
calculation and a minimal fuel consumption or a minimal
operation time, adapted to assist the operator to find the
optimumstoppingpositionbydisplaying thevehicle (100)
on a map display, and/or stopping the vehicle automati-
cally at the optimum stopping position.
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Description

[0001] Forestry machines, especially vehicles must
operate efficiently to address the workload and working
costs. During the operationmost of the work tasks is load
and unloading of logs from the forestry area to a roadside
area to be available for further transport. The process of
loading and unloading involves a crane with a grapple
tool reachingoutwards to a logpile and repeatedly under-
go the loading procedure to transfer a log pile to the
vehicle or in a reverse manner to unload the log pile to
a target area. The different tasks result in a certain fuel
consumptionor inacertainwork time that dependone.g.,
an outreach of the crane, the position of the vehicle, the
load of the logs in the grapple tool, the speed of move-
ment of the crane. As these parameters are subject to the
local conditions, the efficiency of the vehicle is difficult to
predict.
[0002] The present invention aims to remedy those
problems and to define a system and method which
solves the above problems.
[0003] The invention is a loading and unloading opera-
tion system adapted for use in a forestry vehicle, com-
prisinga crane control unit and crane sensors, adapted to
measure the turn angle of the crane, and the extension
position of each hydraulic actuator of the crane, so that
the crane tip location and a maximum crane outreach
state is detected, an engine control unit and engine
sensors, adapted to measure the RPM speed of the
engine and the fuel consumption, an operator interface,
the operation system adapted to display the location of
logs and various adjectives of the logs and the locations
and a calculated optimum position of the vehicle for
loading and unloading operation, an operation CPU with
CPU software, adapted to correlate the measurements
and establish a fuel matrix, depending on measured
values of the crane, and on the fuel consumption, calcu-
lating an estimated fuel consumption depending on the
established fuel matrix and a theoretical crane reach as
well as the number of logs, size and position in relation to
an estimated vehicle position, displaying a calculated
optimum stopping position of the vehicle for loading or
unloading the logs based on the calculation and a mini-
mal fuel consumption or a minimal operation time,
adapted to assist the operator to find the optimum stop-
ping position by displaying the vehicle on a map display,
and/or stopping the vehicle automatically at the optimum
stopping position.
[0004] Theoperation systemcan bepart of a vehicle or
can be afterwards installed in the vehicle as an add-on
feature. The operation system ensures that the forest
machine is on a location that provides an optimum fuel
consumption derived from a fuel-outreach matrix or a
timematrix resulting a fuelmap or similar. This could also
be extended to comprehend and determine an optimum
unloading position or an optimum unloading distance
with respect to a possible log unloading area and result-
ing pile properties and a log pile height. The operation

system could also help with optimal loading/unloading
crane trajectories, giving guidance of best loading/un-
loading trajectories derived from a fuel matrix. In addition
to an optimum location, the operator could also rely on or
automatically make use of these optimal crane move-
ment trajectories, by moving the crane in a statistically
determined most economical way which could be time
based or fuel based.
[0005] The crane comprises a control unit and sensors
to be able to control the cranemovements and detect the
accuracy and correctness of themovements. The control
unit can be integrated in the operator control unit in the
cabin to be manually or automatically adjusted either by
the operator or by an integratedCPUand software acting
on the crane control unit. The sensors detect a horizontal
turning angle of the crane in relation to the crane base
and/or the vehicle where the crane is mounted on. The
sensors canmeasure the extension of the crane hydrau-
lic actuators and are thus enabled to detect the individual
positions of the booms of the crane wherein multiple
booms are connected to each other to form a crane
structure.
[0006] The control unit can detect the location of the
crane tip, being the end of the last boom and an outreach
state, being the elongation of the crane including the
extension of the individual booms so that the geometric
form of the crane is detected and displayed on the op-
erator interface.
[0007] The engine control unit together with the RPM
sensor can measure the engine speed at any moment in
time and the fuel consumption. The measurement is
overlayed with the crane movement and the crane posi-
tion at that time so that a relation between the crane
status and the engine status is created.
[0008] The operator interface displays the log location
on a map like display in relation to the vehicle and crane
position. Thedata for the log location is obtainedeither by
import of map data or via data interface or manual input
before working operation commences. The operator can
manually choose the log pile to be loaded or the operator
interface automatically chooses the nearest log pile for a
loading operation given that the vehicle has an empty
bunk space.
[0009] The operation system uses the calculated re-
sults to determine a position of the vehicle and crane to
ensure a loading operation with either optimized fuel
economy or with optimized loading work time.
[0010] The operation CPU correlates the measure-
ments of the different control units and the located sen-
sors to create a fuel matrix which provides a calculated
fuel consumption that results from different movements
of the crane, the load of the crane and the position of the
crane and vehicle at the time of ongoing loading opera-
tion. TheCPUprovides a result to the operation interface
that displays anoptimumstoppingposition for the vehicle
so that the fuel consumption is minimized, or the loading
time is minimized. The CPU can also assist the vehicle
operator to stop thevehiclewhen that position is reached.
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[0011] The operation system allows the operator of the
vehicle to find an optimized position for the forwarder
vehicle to start a loading or unloading process. The fuel
consumption can be reduced, limiting the use of fuel
resources. The operation system can also be used to
optimize the loading or unloading operation to reduce the
work time for operation, reducing the outreach of the
crane or a height difference.
[0012] In another embodiment the crane sensors can
be adapted to measure the pressure of each hydraulic
actuator of the crane, so that the weight of the load of the
crane is detected.
[0013] The weight can be used to further specify the
fuel matrix for effects of the weight on the fuel consump-
tion. The log location and the number of logs can be used
to calculate an estimated weight which effects the pos-
sible fuel consumption. Thestoppingposition can thusbe
further calculated to minimize the crane outreach or to
minimize the loading time.
[0014] In a further embodiment the crane sensors can
be adapted to detect the position of each of the crane
booms and the position of the crane tip.
[0015] The operation system can estimate and detect
the position andmovement of the crane and calculate the
fuel matrix based on these measurements. The crane
position can be visualized in the operator interface and
the crane outreach can be calculated so that the fuel
matrix application is updated depending on the crane
reach.
[0016] According to another embodiment the opera-
tion system can comprise a hydraulic pump control unit
and hydraulic sensors, adapted to measure the power
consumption and the speed of the hydraulic pump.
[0017] The power and fuel consumption due to usage
of the hydraulic pump is detectable by the operation
system and can be used to increase the accuracy of
the fuel matrix.
[0018] In a further embodiment the weight estimate of
the logs can be calculated, and a maximum outreach of
the crane is modified depending on the weight estimate.
[0019] The weight calculation can be facilitated by a
sensor in the crane tip which detects a weight increase
during lifting of the load, it is also possible to estimate the
weight of the load due to a pressure increase in the
hydraulic actuators at a time of lifting a load or by an
increaseof theworkloadof thehydraulic pumpata timeof
lifting a load with the crane. The outreach of the crane for
an optimized fuel consumption is modified in regard to a
potential weight of the load so that an estimated position
of the vehicle is modified to reflect the lifting work of the
crane and realize an optimization in regard to the fuel
matrix or in regard to a time optimum.
[0020] In a further embodiment the operation system
can comprise a camera and/or a datamap system, being
used to calculate an estimated weight of the logs.
[0021] The camera can be a real time camera, identify-
ing the log piles in the vehicle or crane surrounding. From
a identification of the number of logs, a diameter estima-

tion by camera software and a length identification the
operation systemcanestimate thegrossweight of the log
pile. The weight estimation is compared to a possible
crane reach and a resulting fuel consumption of the fuel
matrix. As a result, the operation system optimized a
stopping position of the vehicle for a reduced fuel con-
sumption.
[0022] Another invention is a forestry vehicle with a
loading and unloading operation system, comprising a
crane and a crane control unit and crane sensors,
adapted to measure the turn angle of the crane, and
the extension position of each hydraulic actuator of the
crane, so that thecrane tip locationandamaximumcrane
outreach state is detected, an engine control unit and
engine sensors, adapted to measure the RPM speed of
the engine and the fuel consumption, an operator inter-
face, the operation system adapted to display the loca-
tion of logs and various adjectives of the logs and the
locations and a calculated optimum position of the vehi-
cle for loading and unloading operation, an operation
CPU with CPU software, adapted to correlate the mea-
surements and establish a fuel matrix, depending on
measured values of the crane, and on the fuel consump-
tion, calculating an estimated fuel consumption depend-
ing on the established fuel matrix and a theoretical crane
reach as well as the number of logs, size and position in
relation to an estimated vehicle position, displaying a
calculated optimum stopping position of the vehicle for
loading or unloading the logs based on the calculation
and a minimal fuel consumption or a minimal operation
time, adapted to assist the operator to find the optimum
stopping position by displaying the vehicle on a map
display, and/or stopping the vehicle automatically at
the optimum stopping position.
[0023] Theoperation systemcan bepart of a vehicle or
can be afterwards installed in the vehicle as an add-on
feature. The operation system ensures that the forest
machine is on a location that provides an optimum fuel
consumption derived from a fuel-outreach matrix or a
timematrix resulting a fuelmap or similar. This could also
be extended to comprehend and determine an optimum
unloading position or an optimum unloading distance
with respect to a possible log unloading area and result-
ing pile properties and a log pile height. The operation
system could also help with optimal loading/unloading
crane trajectories, giving guidance of best loading/un-
loading trajectories derived from a fuel matrix. In addition
to an optimum location, the operator could also rely on or
automatically make use of these optimal crane move-
ment trajectories, by moving the crane in a statistically
determined most economical way which could be time
based or fuel based.
[0024] The crane comprises a control unit and sensors
to be able to control the cranemovements and detect the
accuracy and correctness of themovements. The control
unit can be integrated in the operator control unit in the
cabin to be manually or automatically adjusted either by
the operator or by an integratedCPUand software acting
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on the crane control unit. The sensors detect a horizontal
turning angle of the crane in relation to the crane base
and/or the vehicle where the crane is mounted on. The
sensors canmeasure the extension of the crane hydrau-
lic actuators and are thus enabled to detect the individual
positions of the booms of the crane wherein multiple
booms are connected to each other to form a crane
structure.
[0025] The control unit can detect the location of the
crane tip, being the end of the last boom and an outreach
state, being the elongation of the crane including the
extension of the individual booms so that the geometric
form of the crane is detected and displayed on the op-
erator interface.
[0026] The engine control unit together with the RPM
sensor can measure the engine speed at any moment in
time and the fuel consumption. The measurement is
overlayed with the crane movement and the crane posi-
tion at that time so that a relation between the crane
status and the engine status is created.
[0027] The operator interface displays the log location
on a map like display in relation to the vehicle and crane
position. Thedata for the log location is obtainedeither by
import of map data or via data interface or manual input
before working operation commences. The operator can
manually choose the log pile to be loaded or the operator
interface automatically chooses the nearest log pile for a
loading operation given that the vehicle has an empty
bunk space.
[0028] The operation system uses the calculated re-
sults to determine a position of the vehicle and crane to
ensure a loading operation with either optimized fuel
economy or with optimized loading work time.
[0029] The operation CPU correlates the measure-
ments of the different control units and the located sen-
sors to create a fuel matrix which provides a calculated
fuel consumption that results from different movements
of the crane, the load of the crane and the position of the
crane and vehicle at the time of ongoing loading opera-
tion. TheCPUprovides a result to the operation interface
that displays anoptimumstoppingposition for the vehicle
so that the fuel consumption is minimized, or the loading
time is minimized. The CPU can also assist the vehicle
operator to stop thevehiclewhen that position is reached.
[0030] The operation systemallows the operator of the
vehicle to find an optimized position for the forwarder
vehicle to start a loading or unloading process. The fuel
consumption can be reduced, limiting the use of fuel
resources. The operation system can also be used to
optimize the loading or unloading operation to reduce the
work time for operation, reducing the outreach of the
crane or a height difference.
[0031] In another embodiment the forestry vehicle can
comprise an automatic steering system, so that the op-
eration system is enabled to steer the vehicle automati-
cally to the estimated optimum stopping position and to
further stop the vehicle at that position.
[0032] The operation system calculates an optimal

position based on the data from the fuel matrix which
correlates fuel consumption and the position of the ve-
hicle, the potential movement of the crane and theweight
of the load to calculate and determine the stopping posi-
tion of the vehicle for a loading or unloading operation.
The operation system controls the vehicle steering sys-
tem so that the current position of the vehicle is moved
towards the optimal calculated stopping position and the
operator is relieved from making steering corrections or
calculations. The vehicle will come to a full stop when the
operation systemdetermines that the stopping position is
reached, and that the vehicle is in the correct orientation
regarding the log pile or the unload area.
[0033] The invention is further described by the follow-
ing figures, wherein

Figure1depictsa forestry vehiclehavingacraneand
a load bunk for loading logs;
Figure 2 show an example of the invention;
Figure 3 shows an example of a fuel matrix.

[0034] Figure 1 depicts a forestry vehicle 100. The
vehicle 100 is outfitted with the operation system 10.
The vehicle 100 is used for loading, transporting, and
unloading logs from a forest work site. The vehicle 100
comprises a crane 35 and a load bunk 101 on a rear part
chassis. The crane 35 has multiple booms and hydraulic
actuators36andacrane tip40used toattach implements
for different work tasks. The crane 35 is rotatable around
a vertical axis at a base connection to the vehicle chassis
and comprises multiple booms wherein the last boom
further comprises a movable extension.
[0035] The load bunk 101 comprises multiple poles
surrounding the load area and frames, connecting the
poles, and fixing these to the vehicle chassis. The load
bunk 101 has a front shield on a forward side of the
vehicle 100. Loading and unloading procedure requires
the operator to load the logs or cut tree trunks into and out
of the load bunk 101.
[0036] An operator cabin 65 is provided on a front part
of the vehicle 100, having a seat and controls to fully
operate the vehicle 100. The operator cabin 65 com-
prises an operator interface 70 being adapted to display
different information to the operator. The information can
have a wide range, displaying maps, vehicle information
or control buttonsand loadingstatusof the loadbunk101.
The cabin also comprises control surfaces to handle the
crane 35 and the implement used as working tool.
[0037] The loading unloading operation without the
invention is described as follows. First, the operator
steers the vehicle 100 in a position to load the logs into
the load bunk 101. The crane 35 is extended, and the
implement is used to grab and load the logs into the load
bunk. The loading requires repeated movement of the
crane 35 and especially the crane tip 40 and the imple-
ment towards the logs and towards the load bunk.
[0038] The operation system 10 comprises a crane
control unit 20andcranesensors30whichareconnected
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to thehydraulic actuators 36of the crane35. The sensors
30measure theextensionof thehydraulic actuators 36or
thepressureof thehydraulic actuators36 todeterminean
extended length measurement and enable to detect the
status of the crane position and state of each boom and
the position of the crane tip 40 in relation to the vehicle
100 and the chassis.
[0039] The crane control unit 20 receives themeasure-
ments and delivers these to the CPU unit 80 which also
receives data input from the engine control unit 50 and
the engine sensors 60 about the current engine speed
and current fuel consumption.
[0040] The CPU unit 80 is receiving the data and is
adapted to calculate a fuel matrix 110 via the CPU soft-
ware 90 that correlates the engine speed, the fuel con-
sumption, and the crane position, so that a current fuel
consumption state is established, and can be used for
further work estimating an expected fuel consumption
behavior.
[0041] Figure 2 depicts a first diagram showing the
vehicle position in relation to a loading or unloading area.
The diagram can be displayed to the operator on the
interface 70when the operator steers the vehicle 100 to a
loading work site. The diagram shows a load placement
area 130 depending on the actual log piles around a
possible vehicle position. The position of the log piles
or an unloading position canbe enteredmanually into the
operator interface 70 or can be directly imported from a
map system used for the forestry production. The differ-
ent cubes in Fig 2 represent the determined loading or
unloading locations and can be of different color or in
different shadings and be displayed a heat map with
different color indicators or different graphical represen-
tations, depending on the assumed fuel consumption of
the vehicle 100 regarding the load distance and a result-
ing crane reach for loading or unloading the logs.
[0042] The locations of the log can also be integrated
via an interface using a camera for identification of logs in
the view field of the camera, being mounted on the
vehicle 100. The center position of the vehicle 100 is
the estimated optimal position of the vehicle 100 and is
used to guide the operator towards that position. Figure 2
represents the state when the vehicle 100 is stopped at
the calculated optimal position. Beforehand the opera-
tion system 10 can display amap or an approach route to
the calculated position so that the operator is guided
through the correct approachand is relievedof any stress
or workload to plan the approach. The approach can also
estimate the best route, having access to the vehicles
map data and thus to the terrain conditions, slopes,
obstacles or soft ground conditions.
[0043] Figure 3 shows a fuel matrix 110 being calcu-
lated by the operation system 10, where a specific fuel
consumption 140 is displayed and related to a loading
distance of the crane 35 or to the position of the vehicle
100. In Fig. 3 the vehicle 100 is represented in themiddle
of the fuelmatrix 110.A loading distance shown inmeters
is recorded by the crane control unit 20 and the sensors

30 over time and is evaluated by the CPU 80, as well as
the engine speed and the fuel use for these crane posi-
tions and the resulting crane reach. It is also possible to
record theweight of the load and further calculate the fuel
matrix 110 also considering the weight of the logs.
[0044] The weight can be an estimation based on the
production data, having a length and amount of logs of a
specific tree type. The weight can also be transferred
from a harvester vehicle which records the total amount
and weight of the harvested trees. The weight estimation
can then be used to calculate the hydraulic power ne-
cessary to lift the load based on the position of the vehicle
100 and the resulting crane reach.
[0045] Once the fuel matrix 110 has a broad enough
data base, e.g. based on 10 or more loading operations
from the crane 35, the CPU 80 can begin to estimate the
fuelmatrix 110 for future loadingor unloading procedures
and is used to find a position of the vehicle 100 or the
crane 35, where the fuel consumption is minimized, but
most or all of the logs can be reached from that position.
The operation system 10 is then further advising the
operator via the operator interface 70 to drive the vehicle
100 in the correct orientation to the stopping position and
begin the work operations of loading or unloading.
[0046] The operation system 10 can further optimize
regarding the estimated loading time. In this operation
mode, the loading matrix is not calculated regarding fuel
consumptionbut crane reachandestimated cranemove-
ment time. The time optimized mode may be contrary to
the optimized fuel matrix 110, as the crane reach may be
higher, or thehydraulic pumppower consumptionmaybe
higher. The operation system 10 calculates a stopping
position for an optimized loading time and directs the
operator towards that position and advises the correct
stopping moment.

Claims

1. Loading and unloading operation system (10)
adapted for use in a forestry vehicle (100), compris-
ing

a crane control unit (20) and crane sensors (30),
adapted to measure the turn angle of the crane
(35), and
theextensionpositionof eachhydraulic actuator
(36) of the crane (35), so that the crane tip
location (40) and a maximum crane outreach
state is detected,
an engine control unit (50) and engine sensors
(60), adapted to measure the RPM speed of the
engine and the fuel consumption,
an operator interface (70),
the operation system (10) adapted to display the
location of logs and various adjectives of the
logs and the locations and a calculated optimum
position of the vehicle (100) for loading and
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unloading operation,
an operation CPU (80) with CPU software (90),

adapted tocorrelate themeasurementsand
establish a fuel matrix (110), depending on
measured values of the crane (35), and on
the fuel consumption, calculating an esti-
mated fuel consumption depending on the
established fuel matrix (110) and a theore-
tical crane reach as well as the number of
logs, size and position in relation to an es-
timated vehicle position,
displaying a calculated optimum stopping
position of the vehicle (100) for loading or
unloading the logs based on the calculation
and a minimal fuel consumption or a mini-
mal operation time,
adapted to assist the operator to find the
optimumstoppingposition bydisplaying the
vehicle (100) on amap display, and/or stop-
ping the vehicle (100) automatically at the
optimum stopping position.

2. Operation system (10) according to claim 1, wherein
the crane sensors (30) are adapted to measure the
pressure of each hydraulic actuator (36) of the crane
(35),
so that the weight of the load of the crane (35) is
detected.

3. Operation system (10) according to any of the pre-
ceding claims, wherein the crane sensors (30) are
adapted to detect the position of each of the crane
booms and the position of the crane tip (40).

4. Operation system (10) according to any of the pre-
ceding claims, further comprising a hydraulic pump
control unit and hydraulic sensors, adapted to mea-
sure the power consumption and the speed of the
hydraulic pump.

5. Operation system (10) according to any of the pre-
ceding claims, wherein the weight estimate of the
logs is calculated, and a maximum outreach of the
crane (35) is modified depending on the weight
estimate.

6. Operation system (10) according to any of the pre-
ceding claims, further comprising a camera and/or a
data map system, being used to calculate an esti-
mated weight of the logs.

7. Forestry vehicle (100) with a loading and unloading
operation system (10), comprising

a crane control unit (20) and crane sensors (30),
adapted to measure the turn angle of the crane
(35), and

theextensionpositionof eachhydraulic actuator
(36) of the crane (35), so that the crane tip
location (40) and a maximum crane outreach
state is detected,
an engine control unit (50) and engine sensors
(60), adapted to measure the RPM speed of the
engine and the fuel consumption,
an operator interface (70),
the operation system (10) adapted to display the
location of logs and various adjectives of the
logs and the locations and a calculated optimum
position of the vehicle (100) for loading and
unloading operation,
an operation CPU (80) with CPU software (90),

adapted tocorrelate themeasurementsand
establish a fuel matrix (110), depending on
measured values of the crane (35), and on
the fuel consumption, calculating an esti-
mated fuel consumption depending on the
established fuel matrix (110) and a theore-
tical crane reach as well as the number of
logs, size and position in relation to an es-
timated vehicle position,
displaying a calculated optimum stopping
position of the vehicle (100) for loading or
unloading the logs based on the calculation
and a minimal fuel consumption or a mini-
mal operation time,
adapted to assist the operator to find the
optimumstoppingposition bydisplaying the
vehicle (100) on amap display, and/or stop-
ping the vehicle automatically at the opti-
mum stopping position.

8. Forestry vehicle (100) of claim 8, wherein the vehicle
(100) further comprises an automatic steering sys-
tem, so that the operation system (10) is enabled to
steer the vehicle (100) automatically to theestimated
optimum stopping position and to further stop the
vehicle (100) at that position.
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