190 DANMARK (10)  DK/EP 3095326 T3

(91)
(49)

(80)

(86)
(86)
(87)
(30)

(84)

(73)

(72)

(74)
(94)

(96)

(12) Overseettelse af
europeeisk patentskrift

Patent- g
Varemaerkestyrelsen
Int.ClI.: AO01M 7/00 (2006.01)

Oversaettelsen bekendtgjort den: 2021-03-29

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2020-12-30

Europaeisk ansggning nr.: 16168622.5

Europaeisk indleveringsdag: 2016-05-06

Den europaeciske ansggnings publiceringsdag: 2016-11-23
Prioritet:  2015-05-19 US 201514716071

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

Patenthaver: Deere & Company, One John Deere Place, Moline, IL 61265, USA

Opfinder: Hammer, Curtis R, 5705 Emily Rd., Bettendorf, 1A 52722, USA
Fisher, Patrick J, 9364 Winterberry Dr., W Des Moines, IA 50266, USA
Wu, Dolly, 1275 33rd Ave Cr., Silvis, IL 61282, USA

Humpal, Richard A, 3268 NW 89th Ave., Ankeny, IA 50021, USA

Fuldmaegtig i Danmark: Chas. Hude A/S, H.C. Andersens Boulevard 33, 1780 Kgbenhavn V, Danmark

Benavnelse: LANDBRUGSSPRQOJTE

Fremdragne publikationer:
EP-A1- 1 486 848

US-A- 4 052 003
US-A-5310 113
US-A1- 2009 065 603



DK/EP 3095326 T3



DK/EP 3095326 T3

DESCRIPTION

Field

[0001] This disclosure relates generally to an agricultural sprayer having a spray boom with
spray sections, and a spray controller comprising at least a first and a second infinity switches,
each having an actuator for multi-section spray booms and spray nozzle control.

Background

[0002] Large system sprayers apply nutrients, herbicides, paints, chemicals and other liquids
such as those used In the agriculture or manufacturing industries. The sprayers may have a
boom with multiple spray sections, and many nozzles within each section. Controlling the
operation of such large systems is often difficult or unwieldy, even more so when the sprayer
operator is wearing gloves or performing other tasks (e.g. driving, taking data, eating). Further,
with so many Iindividual spray sections and nozzles, their operation and adjustment require a
considerable amount of controller panel space. There are additional problems such as
manufacturing ease, costs, and ease of operator training.

[0003] US 2009/065603 A1 discloses an advanced spray control system for controlling a
sprayer, which comprises a plurality of scrolling means operatively connected to the sprayer,
where the spray system offers added controllability and operability. However, there Is still the
need for optimization in order to overcome the abovementioned disadvantages.

summary

[0004] Various aspects of example embodiments are set out Iin the claims. Embodiments
Include a spray switching system to rapidly and intuitively operate a relatively large sprayer
such as those used In agriculture or Industrial applications, wherein the system includes
Individual spray area control for many sections or many individual nozzles. Turning on/off the
spray and rotating the spray nozzles are some of the operations that are actuated by the
section and nozzle control. One embodiment includes Infinite control via a circular wheel or
scroll wheel switches In an armrest of the operator seat region. Another embodiment includes
rotary wheels or thumbwheels In a remote key fob. Another embodiment includes slide
switches or software versions. Yet other embodiments Iinclude a combination of these
embodiments.

Brief Description of the Drawings
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[0005] The detalled description refers to the following example figures:

Figure 1 depicts an example vehicle carrying a spray boom with spray nozzles mounted on the
boom.

Figure 2 depicts an overhead view of an example interior of a vehicle cab containing an
operator seat, command seat arm, control handle and display screens.

Figure 3 depicts an example command seat arm with Infinity switches, control handle and
display screen.

Figure 4 depicts a top view of an example electro-mechanical structure underneath an infinity
switch.

Figure 5 depicts an example remote controller that controls the spray nozzles, where the
controller includes infinity switches.

Figure 6 depicts an example touchscreen panel that has controls for the spray nozzles, where
the touchscreen includes infinity switches.

Figure 7 depicts another example touchscreen panel that has controls for the spray nozzles,
where the touchscreen includes infinity switches.

Figure 8 depicts example slide switches.

Figure 9 depicts an example pushwheel switch.

Detailed Description

[0006] Embodiments of a master control or switch is used to rapidly and intuitively control the
spray nozzles on an entire spray boom. In some embodiments, the controls include electro-
mechanical infinity switches such as Infinitely rotatable scroll wheels, rotary knobs or
touchscreen images. VWhen scrolled or rotated in opposite directions, each infinity control
enables or disables any number of sections or individual nozzles to be controlled along
opposing directions on a boom, free of dynamic range (resolution) issues or endpoint cutoff
problems. In additional examples, individual nozzles or sections are directly addressed by
pushwheel or dial switches. In some examples, the controls are ergonomically located on an
armrest near the operator chair. Alternatively, similar controls are compactly located on a fob
or other remote control such as for situations when the operator walks around to survey the
boom and spray drift. Also, the operator may look rearward (if the booms are placed behind
the vehicle) while conveniently still be able to control the nozzles. The controls serve to turn the
spray flow on or off. Other options include valve control for pulse-controlled nozzles or rotating
the nozzles so that different nozzle tips release fluid. A linear or angular position along or
around the boom, fluid pressure and other aspects of the nozzles may also be controlled by
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the Infinity switches. After testing, it was found that controlling the operation of spray systems
with Infinity wheels and pushwheel switches or even slide-pot controllers is both natural and
Intuitive. Placing the controls on the armrest iIs more ergonomic and induces less product-
llability issues of accidental maneuvers that may occur with a handle or joy-stick that are also
used to control the driving functions. Further, large sprayers may have many individual spray
sections and nozzles to be controlled, and using separate switches for each section or nozzle
has been found to require a considerable amount of space, which prevents ideally locating the
switches In a convenient or suitable location.

[0007] Figure 1 depicts an example vehicle carrying a spray boom with spray nozzles mounted
on the boom. The vehicle may be a platform or dolly for industrial spray applications or a
tractor towing ground-engaging tillage left/right wings with disks and shanks, or a planter
towing a row of seed dispenser modules. Or discussion purposes, the example vehicle 1s a
towed sprayer or a self-propelled agricultural sprayer 10 including a vehicle main frame 12 and
an attached autonomous control station or an operator cab 20. A fixed or floating center frame
16 1s connected to a front or a rear of the frame 12; the center frame 16 supports an
articulated folding spray boom 22 that is shown In the fully extended working position for
spraying a field. In other examples, the spray boom 22 is mounted In front of the agricultural
sprayer 10. Many spray nozzles 40 are mounted along a fluid distribution pipe that is mounted
to the spray boom 22. Each nozzle 40 usually has multiple spray outlets, each of which
conducts fluid to a same-type or different-type of spray tip. The nozzles 40 on the example
spray boom 22 are divided Into groups or sections such as 30, 31, 32, 33, and 34 (or
collectively "spray section(s) 30") that may be designated as either left hand sections (LHS,
e.g. 30, 31, and left half of 32) or right hand sections (RHS, e.g. 33, 34, and right half of 32)
relative to a central vertical axis of the center frame 16 or center section 32. Although only five
sections are shown, there are usually more sections on a long boom 22 that is over some
length such as 25 meters. The different spray sections 30 are assigned to either LHS or RHS
and the enablement or disablement of the sections on each side Is governed by a separate
Infinity switch (e.g. 60A or 60B). In some embodiments, the center section 32 is treated
separately from the LHS or RHS sections, and additional switch(es) are used to address the
center section 32 alone. Alternatively, the entire center section 32 is designated as either LHS
or RHS. In another embodiment, the operation of the spray sections 30 I1s governed by one
Infinity switch enabling or disabling all the nozzles 40 going from left to right (or right to left)
rather than divided up so that the left sections and right sections are governed by a separate
switch (e.g. 60A or 60B).

[0008] Figure 2 depicts an overhead view of an example interior of the operator cab 20 that
Includes an operator seat 48, a command armrest 50 that is usually attached to the right of the
operator seat 48, a control handle 52 ahead of the armrest 50, and display screen(s) 70 near
the vehicle steering wheel or near the left or right of the operator to adjacent to the window
glass. A centralized computer or a sprayer control system iIs located in a number of possible
locations (e.g. underneath the command armrest 50 or behind the display screen 70) for
controlling various sprayer 10 and boom functions, along with collecting or storing data and
algorithms for spraying and vehicle maneuvers. In other configurations, the display screen 70
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IS attached to the frontend of the armrest 50. Because there are more right-handed people, the
armrest 50 Is usually on the right hand side and out of the way of an operator entering the cab
20. The sturdy armrests may be used to assist the operator when he climbs into or moves
around In the cabs 20 so that the spray control panels are positioned on whichever armrest
that avoids accidental engagement of the control buttons and switches.

[0009] Figure 3 depicts an example command armrest 50 with electrical infinity switches 60A
and 60B, panel switches 62, 64, 66, and control handle 52 and display screen 70, and an
elbow rest 68. The Infinity switches 60A and 60B are arranged In parallel with the wheels (or
slide, etc.) motion-oriented In the same direction so that an operator can operate both left and
right spray sections easily, simultaneously, such as with the index and middle fingers on one
hand. For example, the operator would typically scroll both switches forward or both switches
rearward to simultaneously turn on/off spray sections 30 on both sides of boom 20. The
polarity (enable/disable) is arbitrarily assigned to either a forward versus a rearward scroll. The
opposing outer sides of the Infinity switches 60A and 60B span a width of about 5,08 to 7,62cm
(2 to 3 Inches, or less than 5,08 cm (2 inches) apart for small armrests or devices). The infinity
switches 60A and 60B or the panel switches 62, 64, 66 are optionally covered by a slide-able
visor. Or there Is a sheath or membrane covering the buttons and switches, which prevents
dust and crumbs from collecting or getting wedged In between or under the switches. The
example Infinity switches 60A and 60B are recessed downward to prevent being accidentally
bumped. The visor or sheath also reduces the likelihood of any unintended contacts with or
maneuvers of the switches. There 1s a gap around the switches 60A and 60B that Is large
enough for dirt and dust to pass around; there Is also a hole in the bottom of the command
armrest 50 for liquids or large particles to pass through. The infinity switches 60A and 60B
Include scroll wheels, thumb wheels, rotary switches, rotatable knob or dial, and so on. BiI-
directional push buttons are another example infinity switch; they have a neutral flat position
that does not actuate any activity, but depressing either end of the push button causes either
ON or OFF activity. The example infinity switches 60A and 60B rotate continuously without limit
so that there 1s no stopping point, either in one direction or in the opposite direction (e.g. scroll
forward or scroll rearward relative to a direction of travel of the sprayer 10). By arbitrary
designation, Infinity switch 60A controls the left side (LHS) and 60B controls the right side
(RHS) sections or nozzles 40. For example, scrolling the RHS switch 60A causes a change In a
condition of the right side boom sections or spray nozzles one at a time across the full length of
the right side of the boom or a section of a boom. Likewise, scrolling the LHS switch 60B
causes a change In the condition (or a selected different condition) of the left side boom
sections or spray nozzles. Scrolling both switches 60A and 60B such as using the index and
middle fingers allows an operator to rapidly change a state of the spraying on both sides of the
boom 22. In a different situation, such as if the sprayer 10 encounters hilly terrain or should be
spraying asymmetrically, the operator can toggle only one of the switches 60A or 60B, but not
both. Alternatively, the switches 60A or 60B can be combined with another command
switch(es) or a software setting(s) so that scrolling only one of the switches (either 60A or 60B)
changes the condition of all or a number of the spray sections 30 or spray nozzles 40. Example
functions Include turning on/off a nozzle 40 to release fluid, changing the flow pressure,
changing the spray rate, pulsing the spray differently, rotating the nozzle head to select a
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particular type of spray tip, changing the pointing angle/direction of the nozzles 40, changing a
selection of fluid, collecting data from each nozzle 40, turning on sensors and LED lights
associated with each nozzle 40, and so on. A software setting (or even another physical
switch) selects the type of function to be enabled. For example discussion purposes, the
following text refers mostly to turning the fluid spray capability on (ON state) and off (OFF
state), but the other functions are implemented and actuated as well. By arbitrary designation,
turning a disc or knob counterclockwise or scrolling wheel Infinity switches 60A and 60B
forward Iin Fig. 3 causes a nozzle 40 to release spray (the ON state).

[0010] Figure 4 depicts a top view of an example electro-mechanical structure underneath a
pair of Infinity switches 60A and 60B. A spoke wheel 70A and /0B Is associated with the infinity
switches 60A and 60B, respectively. Each spoke wheel 70A or 70B Iis mounted to its own
spindle 72 to which its circuit module 74A or 74B are attached. Although the circuit modules
/4A and 74B are depicted as being to the left of the spoke wheels 70A and 70B in Fig. 4,
further space savings may be obtained by placing and staggering both circuit modules 74A and
/4B In between the two spoke wheels 70A and 70B. The circuit modules 74A and 74B each
Includes or i1s electrically wired to a light emitter and light detector that are placed on opposite
sides of each spoke wheel 70A and 70B. As the spoke wheels turn (when the Infinity switches
are scrolled), the spokes repeatedly break a light (or other electromagnetic signal) transmitted
by the light emitter. The more the spoke wheel rotates, the more often the light beam is
broken. The number of times the light beam iIs broken iIs correlated with the number of
revolutions of the wheel (number of spokes passing a fixed point) and hence the distance of
travel along the boom 22 and the number of nozzles 40 that are enabled or disabled. The light
flashes detected are counted by comparator circuits and the number Is digitized in the circuit
modules 74A or 74B. The digitized result i1s sent to the centralized computer in the cab 20,
which subsequently sends a ON/OFF signal on a communication bus (e.g. CAN bus) that Is
electrically wired to each nozzle 40 or to each spray section 30 being addressed and
controlled. The digitized result is also converted into a nozzle monitoring number on the display
screen 70 indicating which spray sections 30 or nozzles 40 are ON or OFF. To reduce the
likelihood of signal interference, the frequency of the light generated and detected is, for
example, selected to be Iin a narrow frequency range or a special frequency range.

[0011] In operation, the following Is an example method of enabling or disabling the boom
spray sections such as 30, 31, 32, 33, and 34. In an alternative embodiment, the center
section 32 is split into 32A and 32B for the nozzles 40 that are positioned to the left and right,
respectively, of the center vertical axis of the center section 32. A rearward roll of the LHS
Infinity switch 60B disables boom spray sections starting with the outermost left section, moving
from left to right, and ending at the center 32 (or 32A). Previously disabled sections may be
ignored. A forward roll of the LHS infinity switch 60A enables boom spray sections starting with
the center section 32 (or 32A) and moving from right to left, and ending at the outermost left
end section. Previously enabled sections may again be ignored. The center section 32 (or 32A)
may be ignored If it Is already enabled (e.g. by manual override, another control button or
software GUI).
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[0012] Operation of the right side parallels the example method of enabling and disabling the
left side, a rearward roll on the RHS infinity switch 60B disables boom sections starting with the
outermost right section and moving from right to left, and ending at the center section 32 (or
32B). Previously disabled sections may be ignored. A forward roll of the RHS infinity switch 60A
enables boom sections starting with the center section 32 (or 32B) and moving from left to
right, and ending at the outermost right end section. Previously enabled sections may again be
ignored. The center section 32 (or 32B) may be ignored If it Is already enabled (e.g. by a
manual override, another control button or software button). The left hand LHS switch 60A
counts upward when rotated forward. The right hand RHS switch 60B counts downwards when
rotated forward. An alternative embodiment 1s instead asymmetric, where both the LHS and
RHS Infinity switches start from the leftmost end of its respective set of sections 30 or nozzles
40 and both, for example, goes left to right. Then both the left hand LHS infinity switch 60A and
RHS infinity switch 60B count upward when rotated forward.

[0013] In operation to enable or disable individual nozzles 40, one example method is to follow
the same methods as enabling and disabling individual spray sections 30. Each individual
nozzle 40 Is considered a spray "section” 30 so that the number of sections 30 equals the
number of nozzles 40. Then scrolling the scroll wheels forward or rearward enables or disables
the nozzles on the left side or right side of the central vertical axis of the center frame 16. If
adjacent nozzles 40 are positioned close to each other along the boom 20 or there Is sufficient
spray overlap, in another embodiment, one option Is to just enable every other nozzle 40 or
every third nozzle 40. Another alternative example method Is to enable or disable individual
nozzles 40 within a section 30 to which the scroller has reached ("Iinstant section”). Scrolling
through sections 30 Is designated as a section adjust, and scrolling through individual nozzles
40 1s a nozzle adjust. An example implementation is to set up a companion switch (e.g. one of
the switches In the panel of switches 64) that is electronically wired to enable toggling between
a section adjust and a nozzle adjust. For example, scrolling rearward turns off the sections 30
when the section adjust is engaged. But continued scrolling rearward turns off the individual
nozzles 40 within the instant section 30 or next section 30 after the section adjust is switched to
nozzle adjust. If the nozzle adjust is switched back to section adjust, then continued scrolling
rearward turns off the next individual section 30. Likewise, scrolling forward turns on the
sections 30 or individual nozzles 40 depending on whether the section or nozzle adjust Is
enabled.

[0014] In another embodiment, the example companion switch (in the panel 64) that is used to
toggle between spray section versus spray nozzle control is implemented as a multi-position
switch such as a click-slide switch or a multi-selection switch or knob. Such multi-choice
switches Include additional options such as double the spray pressure, rotation nozzle angle,
etc., along with section or nozzle choices.

[0015] An example method to target a specific nozzle 40 or section 30 Includes multiple
additional companion switches. For instance, If the nozzles 30 are in some state, and one of
the many nozzles 30 needs to be changed to the other state (e.g. nozzle no. 6/ among 120
nozzles; and nozzle no. 67 Is In spray section no. 6). A decimal (base 10) pushwheel switch
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320 or 322 (e.g. Figure 9) has ten positions: 0 - 9. One of the positions 0 - 9 Is selected by
pushing the protruding buttons above (+) or below (-) the display numbers. Alternative
pushwheels Include finger-dial switches, barrel switches, round rotary switches, etc. A first
pushwheel switch 320 addresses the boom spray section number. The next two pushwheel
switches 320 address the nozzle number within a spray section 30. If there are less than
eleven nozzles In a spray section 30, then only one pushwheel switch 320 Is needed to
address the nozzle number within the spray section 30.

[0016] Alternatively, to reduce the number of physical switches, a hexadecimal (base 16)
pushwheel switch 320 may be substituted for the decimal (base 10) switches, and sixteen
nozzles are grouped together per section. As another alternative, a compact four-pack
pushwheel switch 322 as depicted in Fig. 9 can be used. After the pushwheel switches 320 are
set, then scrolling forward/rearward an infinity switch LHS 60A or RHS 60B turns on/off a
nozzle on the left or right side of the boom, respectively. For more coarse control such as to
reset only a specific spray section among many spray sections 30, the first pushwheel switch
alone, can be used with a left and/or right scroll wheel to enable/disable the particular section.
The pushwheel switches 320 are electronically decoded (e.g. 120 to 1) so that each nozzle is
electrically wired to or associated with a unique one of the combination of digits that was
selected by the operator using the pushwheel switches 320. In this manner, a particular nozzle
30 I1s selected to be enabled or disabled to perform spraying, pressure change, nozzle tip
selection, position, spray rate and so on. A software setting selected via the centralized
computer (or even another physical switch) invokes the type of action to be enabled.

[0017] Another example method to target a specific nozzle 40 or section 30 Includes one
additional companion switch and the status flags displayed, for example, on the display screen
70. The status flags indicate the enable/disable state of each nozzle 40 and section 30 for a
particular characteristic (e.g. the nozzle tip, pressure, angle, flow rate, and so on). Either the
Individual nozzles 40 or spray sections 30 may be designated as a "selection” depending on
whether an operator wants to address a particular nozzle or a particular spray section. Then
scrolling the scroll wheels forward or rearward enables or disables the selection on the left side
RHS or right side LHS. The additional companion switch determines whether to ignore the
actions of the scroll wheels so that the operator can scroll to a particular selection by observing
the status flags on the display screen 70. Once the operator reaches the desired selection
(selected nozzle or section), then the operator can move the scroll wheel either forward or
rearward to enable or disable the desired selection.

[0018] Figure 5 depicts an example fob 100 or remote control (e.g. computational device at
the farmhouse) that wirelessly operates the spray nozzles, where the fob 100 includes electro-
mechanical infinity switches 110A and 110B. Remote controls or fobs 100 enable an operator
to control the spray nozzles 40 while the operator is away from the cab 20, particularly when
the operator I1s examining the boom 22 and nozzles 40 that appear to malfunction. The
example fob 100 includes left LHS and right RHS scroll switches 110A and 110B along with
additional companion switches 112 and 114 such as slide, gear switches or pushwheel
switches to address a particular nozzle 40 or particular section 30. With MEMS technology or
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with miniaturized versions of the light transmission/detection methods described above (e.qg.
Fig. 4), smaller scroll switches may be implemented for a fob 100 than for an armrest 50.
When voice recognition works very well, a voice-recognition commands implemented on the
fob 100 or other remote control is an effective way to identify a particular nozzle or section.

This voice-recognition scenario Is discussed below In relation to the cellphone applications and
computer GUIs.

[0019] The Infinity switches 110A and 110B and companion switches on the example fob 100
work In a manner similar to the aforementioned methods for the infinity switches 60A and 60B.
The fob i1s about 3,81 to 5,08cm (1.5 to 2 inches) in width and about 8,89 to 10,16cm (3.5 to 4
Inches) In length. The Infinity switches 110A and 110B are arranged In parallel and with the
scroll wheels oriented in the same motion-direction. The signals are passed wirelessly to a
nozzle central controller after the switch positions are selected. Due to space issues on a
hand-held device limiting the number of buttons, by default, the buttons on the fob 100
addresses Individual nozzles 40 rather than sections, although the circuitry in the fob 100 and
the nozzles 40 (or nozzle central controller on the boom 22) can be re-programmed to address
sections instead. Nozzles 40 are enabled or disabled sequentially. One example method starts
the process when an operator presses the power button 118 (e.g. twice to reduce the problem
of accidental activation of the fob 100). The sprayer 10 beeps to alert the operator that remote
nozzle control i1s activated and control is passed from local cab 20 control to remote fob
control. The nozzles 40 flashes If the nozzles 40 are equipped with LED lights. Fob 100 is now
active and all the nozzles 40 are OFF. Fob 100 can now be used to sequence through
Individual nozzles from left to right (LHS switch 110A) or right to left (110B) by scrolling through
the appropriate scroll switch or both scroll switches. The nozzles 40 may optionally flash to
Indicate that they have been enabled. Companion switches 112 and 114 are set up so that fob
100 can address (enable or disable) a particular nozzle or set of nozzles, much in a way similar

to the aforementioned methods for controlling nozzles 40 from the cab's companion or
pushwheel switch 320.

[0020] Figure 6 depicts an example touchscreen 250 that has controls for the spray nozzles
40, where the touchscreen includes infinity switches 260A and 260B. Either the centralized
computer display 70 or computerized device (e.g. tablet, cellphone, PDA, watch, necklace, and
so on) has computer operating systems that support a touchscreen 250 such as through a GUI
or a mobile app. Although a regular personal cellphone may be used, a dedicated
computerized device Is generally used In the field because the operators may be spraying
chemicals that they rather not splash on personal cellphones, tablets, etc. The infinity switches
260A and 260B and companion switches 220 (e.g. 220A, 220B, ... 226A, 226B) on the
example touchscreen 250 function in a manner akin to the aforementioned methods for the
physical Iinfinity switches 60A and 60B and their companion switches. Depending on the touch
software interface available (e.g. mouse emulator), a physical scroll wheel as depicted in Figs.
3 and 4, i1s implemented for example as a dial wheel finger gesture 210 as shown In Fig. 6 or
as a linear scroll-wheel swipe finger gestures 260 as shown In Figure 7. The Infinity effect of
the wheel Is achieved through a wrap-around function in the software. |f the computerized
devices with touchscreen 250 are used In a traveling sprayer vehicle 10 over rough terrain, the
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vibration of the sprayer 10 may make it difficult to accurately dial or scroll-swipe to a desired
nozzle 40 or spray section 30. The tactile sensitivity of the touchscreen is lowered. Sensor de-
jittering, filtering or averaging methods are activated in the computer's algorithms to reduce a
likelihood of false activation or motion of the companion switches 220 or infinity switches 260A
and 260B. Alternatively, voice activation serves as a substitute for touchscreens in order to
enable and disable specific nozzles 40 or spray sections 30. Voice recognition software has
become very good that it can readily recognize commands such as "nozzle,” "six," "seven,"
when referring to nozzle 67 for example. Laptops, cellular handsets or smartphones have such
built In voice features that are combined with the (wireless) apps for spray-related
enablement/disablement. Operating systems (e.g. Android, Apple, Microsoft Windows, UNIX,
etc.) provide product development kits (PDKs) offering canned high-level applications or
subroutines that a program developer can readily use to implement an APP. For instance, a
Smart-spray APP can control sections or nozzles that recognizes or senses gestures, finger
motion, scrolling, push motions on a computer screen and voice commands through the
microphone receiver that are associated with the underlying hardware and electronics circuits
In the computer or handheld devices that actuate sensors and receive Iinformation from
detectors. Both the touchscreen individual gestures (dial, push, scroll-swipe) or the voice
command activation are usually performed serially because there 1s only one master CPU In
the computerized device, unlike physical dual scroll switches that usually can both be scrolled
simultaneously. The physical switches tend to be physically wired to different sections or
nozzles so that the physical switches can operated independently. Alternatively, in some
embodiments, the touchscreen includes independent, separate underlying matrices so that
multiple gestures are processed simultaneously.

[0021] Figure 8 depicts another example switch 310 that may be substituted for the infinity
switches such as ones shown In Fig. 3 or Fig. 5. A slide switch 310 Is an alternative to infinity
switches such as scroll wheels and dial wheels. The slide switch 310 has a finite travel length
between two end-points and can be implemented either as a physical switch or as a switch In
software. The physical version is finite, but the software version may either be finite or infinite
(If the software instructions include wrap-around). For spray section control, especially when
there are only 10 - 15 sections or fewer, a slide switch 310 works well. Longer slide switches
310 readily have enough resolution or granularity to allow precise selection and control of a
particular spray section 30. Furthermore, status indicators on a display screen 70 or nozzles'
LED lights can be used to confirm or help guide the selection to the desired spray section 30.
Alternatively, the slide switches may be visually marked (e.g. like a ruler) so that an operator
can gauge which spray sections or nozzles have been turned ON or OFF. One example
marking scheme is to mark, say, 0 - 9 along the full length of travel of the slide switch 310. The
"0" indicates that all of the devices (sections or nozzles) are OFF, "1" indicates that device 1 Is
ON, "2" Indicates that both devices 1 and 2 are ON, and so forth.

[0022] Two slide switches 312A and 312B are used to control the left side and right side spray
sections 310, respectively. To control particular nozzles 40 within a spray section 30, switches

312A and 312B are each associated with additional slide switches 314A and 314B,
respectively; switches 314A and 314B are electrically associated with nozzles 40. One
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electrical implementation is through address decoders and de-multiplexers, that decodes the
coarse (section) and fine (nozzles) selected addresses and demuxes to communicate with and
operate a particular nozzle. There Is also a companion switch 316 to select between section
control and nozzle control. Each section control slide switch has an associated nozzle control
slide switch (e.g. 312A with 314A). The companion switch 316 enables/disables (i.e. chooses
between) coarse and fine selection. If fine selection companion switch 316 is selected, then the
nozzle slide switches 314A and 314B are enabled so that nozzles 40 associated with a
particular spray section 30 are individually addressable by moving the nozzle slide switches
314A or 314B to a particular nozzle number. There I1s the same number of nozzles 40 grouped
within each section 30, except perhaps the endpoint sections, so that nozzle slide switches
314A and 314B each govern the same number of nozzles per section. So long as the number
of nozzles 40 within each section 30 is relatively small (e.g. less than 20), a longer slide switch
readily has sufficient resolution to precisely address a particular nozzle 30. Example longer
slide switches include electric slide potentiometers or rotatable circular dial potentiometers that
are rated, for example, at approximately 10 KOhms and 0.1 Watts, and have about 3,81-
5,08cm (1.5 - 2 inches) overall travel length. The electric leads or pins on the back of the slide
switches are readily socketed Iinto or soldered onto circuit boards that lie underneath the
armrest cover. Like dual scroll switches, dual slide switches can both be quickly operated
simultaneously such as by an operator's index and middle fingers when the slide switches are
arranged longitudinally-parallel and positioned slightly apart as depicted in Fig. 8.

[0023] In another embodiment, the slide switches are replaced by a pushwheel switch as those
shown In Figure 9. Since the pushwheel switch 322 has plus and minus buttons above and
below the facial decimal numbers, they serve to "slide” up and down, or increase and decrease
each number. Each of the four bits (decimal or hex, actually) can be assigned a purpose such
as the nozzle number or spray section number or a function select. In yet another
embodiment, the set of four slide switches are all replaced by scroll wheels, with two of the
wheels providing coarse selection (e.g. boom sections) and two providing fine selection (e.qg.
iIndividual nozzles).

[0024] In another embodiment, the example companion switch 316 that Is used to toggle
between spray section versus spray nozzle control is implemented as a multi-position switch
such as a gear switch, a click-slide switch or a multi-selection switch or knob. Such multi-choice
switches Include additional options such as double the spray pressure, rotation nozzle angle,
etc., along with section or nozzle choices. Alternatively, press buttons are implemented instead
of multi-selection switches. The number of presses selects which function iIs enabled, e.g.,
section control, nozzle control, fluid pressure control, nozzle tip control, etc.

[0025] A desired spray pattern can be rapidly configured with the aforementioned example
switches. For instance, as a sprayer 10 makes a turn, approaches an angled headland or field
boundary, an operator can quickly scroll or slide certain switches to shut off particular spray
sections 30 or nozzles 40 to prevent spraying in the headland or past a boundary while still
providing optimum spray coverage on the rest of the field. Further, sometimes not the entire
boom 22 is used so that only selected sections of the sprayer nozzles are turned on. For
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example, in hilly fields or where the spray area is narrower, extending the full span of the boom
22 may hinder operation and travel. Articulated booms 22 and associated articulated fluid
distribution pipes are used so that during a regular spray operation, for example, an outermost
wing Is tucked or folded away (e.g. rearward, forward or even upward toward the sky), and the
spray nozzles 40 mounted on the outermost wing portion of the boom 22 are turned off.
Meanwhile, the rest of the nozzles 40 on the rest of the boom 22 (e.g. inner wing) close to the
vehicle are fully extended and operate as usual.

[0026] Operators use boom spray section valve switches to quickly enable and disable solution
system section nozzles. As the vehicle or boom size continue to grow and more sections are
added, the number of physical switches continues to grow, making a more complex system.
The rotary and infinity switches or encoders enable an operator to enable or disable multiple
solution system sections or nozzles using only a few switches and buttons or GU|l and apps.
Other agricultural crop care situations can also benefit from the apparatus and methods
described In this disclosure. For instance, the larger cultivators, mulch rippers, and seed
planters have many segments and disks, shanks, harrows, rolling baskets, and seeding
dispensers on the left and right wings that are mounted to or are towed by a tractor or other
machine. Fast control of individual segments and individual ground engaging tools enable the
machines to go over rough terrain, obstacles, apply more down-force where needed, avoid
soggy ground conditions, make turns, and so on, more rapidly and effectively.

[0027] Finally, the orientation and directions stated and illustrated in this disclosure should not
be taken as limiting. Many of the orientations stated in this disclosure and claims are with
reference to the direction of travel of the equipment (e.g. forward is in the direction of travel).
Left 1Is with respect to the left side of the vehicle moving forward. Right side 1s with respect to
the right side of the vehicle moving forward. But, the directions, e.g. "forward” and "left side”
are merely Illustrative and do not orient the embodiments absolutely in space. That Is, a
structure manufactured on its "side"” or "bottom" is merely an arbitrary orientation in space that
has no absolute direction. Also, In actual usage, for example, the boom equipment may be
operated or positioned at an angle because the implements may move in many directions on a
hill; and then, "top” Is pointing to the "side.” Thus, the stated directions In this application may
be arbitrary designations. Also for example, the right hand side armrest may be swiveled
around to the left side of an operator or substituted by a left hand side armrest for left-handed
operators but otherwise still follow the principles outlined In this disclosure. As another
example, the physical form of the buttons and switches may also vary without departing from
the principles. For instances dual pushbuttons control devices may be substituted for the scroll
wheels or slide controls; dual pushbuttons are often color-coded adjacent red and green
buttons and the scrolling action is substituted by multiple presses of one of the buttons to turn
the spray section or nozzle ON (e.g. green button) or OFF (e.g. red button). By keeping track
of the number of presses, an operator may count the number of sections or nozzles that have
been engaged or disengaged. To accomplish a similar keeping-track activity, the scroll wheel
may be marked visually to indicate to the operator the number of scroll revolutions that
occurred. Further, although the figures show spray nozzles laid out along a single axis, other
layout configurations can also benefit from the discussion. For instance, rows of disks and



DK/EP 3095326 T3

shanks are typically arranged on several ranks of a cultivator.

[0028] In the present disclosure, the descriptions and example embodiments should not be
viewed as limiting. Rather, there are variations and modifications that may be made without
departing from the scope of the appended claims.
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PATENTKRAV

1. Landbrugssprejte (10), som har dels en sprojtebom (22) med
sprojtesektioner (30) og dels en sprgjtestyreenhed, hvilken landbrugssprejte
omfatter:

mindst en ferste og en anden uendelig kontakt (60A, 60B, 100A, 100B,
200A, 260B) med hver sin aktuator,

hvor hver sprajtesektion (30) aktiveres af en beveaegelse | en farste retning
af en tilsvarende aktuator, og hvor hver sprgjtesektion (30) deaktiveres af
en beveegelse | modsat retning af den tilsvarende aktuator, og

hvor den ferste uendelige kontakt (60A, 100A, 260A) styrer sprajtesektioner
(30), der er monteret pa en venstre side af sprgjtebommen (22), og den anden
uendelige kontakt (60B, 100B, 260B) styrer spra@jtesektioner (30), der er
monteret pa en hojre side af sprgjtebommen (22), kendetegnet ved, at den
mindst ene farste og anden uendelige kontakt (60A, 60B, 100A, 100B, 260A,
200B) er anbragt parallelt, 1det deres aktuatorer er orienteret I samme
aktiveringspolaritetsretning, og hvor parallelle modstaende ydre kanter af den
ferste og den anden uendelige kontakt (60A, 60B, 100A, 100B) er placeret | en
afstand af 7,62 cm (3 tommer) eller mindre fra hinanden for at hjeelpe samtidig
manuel betjening af sprojtesektionerne (30) pa den venstre side og den hajre
side af spragjtebommen (22).

2. Landbrugssprejte (10) ifelge krav 1, der ydermere omfatter et karete|s
fererhus (20), som har et saede (48) med et armleen (50), og hvor
sprejtestyreenheden er placeret pa armlaenet (50).

3. Landbrugssprejte (10) ifelge krav 1 eller 2, hvor spr@jtestyreenheden
ydermere omfatter en ledsagende kontakt (64) med valg af sprejtefunktioner:;
hvor funktionsvalgene omfatter en sprejtesektionsaktivering o0g en
dyseaktivering, og dyseaktiveringen griber ind | en valgt dyse (40) | en aktuel
sprejtesektion, der nas af en tilknyttet aktuator.

4 Landbrugssprejte (10) ifelge et af kravene 1 til 3, hvor aktuatorerne hver
omfatter et rullehjul (70A, 70B, 110A, 110B), og hvor en fremadgaende drejning
pa enten den ene eller anden aktuator svarer til en samme polaritet til aktivering
eller deaktivering af sprejtesektionerne (30).
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d. Landbrugssprejte (10) ifelge et af kravene 1 til 5, hvor den ferste
uendelige kontakt (60A) og den anden uendelige kontakt (60B) hver omfatter en
glidekontakt, og en forskydning fremad pa den ene eller den anden glidekontakt
svarer til en samme polaritet til aktivering eller deaktivering af
sprejtesektionerne (30).

o. Landbrugssprejte (10) Ifelge et af kravene 1 til 5, hvor hver af
sprojtesektionerne (30) svarer til en individuel dyse (40).

/. Landbrugssprejte (10) ifelge et af kravene 1 til 6, hvor styreenheden
yderligere omfatter en vippekontakt med mindst et valg af en sprejtesektion og
et valg af en individuel dyse.

8. Landbrugssprejte (10) ifalge krav 7, hvor vippekontakten ydermere har et
valg af et sprojtetryk eller en sprgjtemasngde.

9. Landbrugssprajte (10) ifelge krav 7 eller 8, hvor vippekontakten ydermere
har et valg af en dysespids eller en dysevinkel.

10. Landbrugssprejte (10) Iifelge et af kravene 1 til 9, hvor hver af
sprejtesektionerne (30) aktiverer en individuel dyse (40), og hvor styreenheden
omfatter en tilstand til kun at aktivere eller deaktivere vekslende individuelle
dyser (40) langs sprejtebommen.

11. Landbrugssprejte (10) ifelge et af kravene 1 til 10, hvor styreenheden
ydermere omfatter en tredje kontakt (112), der er knyttet til den farste uendelige
kontakt (110A), og en fjerde kontakt (114), der er knyttet til den anden uendelige
kontakt (110B), hvor den tredje kontakt (112) og den fjerde kontakt (114)
aktiverer Individuelle dyser (40) inden for deres tilsvarende sprejtesektioner
(30), som aktiveres af den ferste uendelige kontakt (110A) og den anden
uendelige kontakt (110B).

12. Landbrugssprejte (10) ifelge et af kravene 1 til 10, hvor styreenheden
ydermere omfatter en ledsagende kontakt (112), som har et ferste ciffer, der
veelger en sprajtefunktionstilstand, 1det den ledsagende kontakt (114) har et
andet ciffer, der veelger et specifikt sprejtesektionsnummer eller et specifikt
dysenummer, hvor den ledsagende kontakt (112, 114) knytter den ferste
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uendelige kontakt (110A) til den anden uendelige kontakt (110B) for at aktivere
eller deaktivere en bestemt spragjtesektion (30) eller en bestemt dyse (40), der

er nummereret.

5 13. Landbrugssprejte (10) ifelge et af kravene 1 til 12, hvor styreenheden er
placeret pa en tradles fjernstyreanordning (100), der omfatter et

anhangerelement.

14.  Landbrugssprejte (10) ifelge et af kravene 1 til 13, hvor styreenheden er
10 placeret pa en beregningsanordning (200), som har en skeerm (250), og hvor
den farste uendelige kontakt (260A) og den anden uendelige kontakt (260B) pa
skeermen (250) omfatter Dbereringsskeermbilleder, der aktiveres ved

fingerbeveegelser (210, 260).
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